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iEHAIITER a 

BASIC PRINCIPLES 


1,1 CHEMISTRY AND ITS SCOPE 

Chemistry is a branch of physical science which deals with the 
study of matter, its physical and chemical properties, its chemical 
composition, the physical and chemical changes which it 
undergoes and the energy changes that accompany these 
processes. 

All objects in this universe are composed of matter. Most of 
these objects are visible (solids and liquids) but some are 
invisible. Chemistry is termed as a material science because it is 
concerned with all material substances such as air, water, rocks, 
minerals, plants, animals including man, the earth on which we 
all live, and other planets. According to one of the famous 
scientists of twentieth century, Linus Pauling, Chemistry is the 
science of substances, their properties, their structure and their 
transformations. 

Chemistry is a very interesting subject which touches almost 
every aspect of our lives, our culture and om environment. It has 
changed our civilization to a great extent. The present day 
chemistry,has provided man with more comforts for a healthier 
and happier life. A large number of materials which we use these 
days were unknown at the turn of the century. A few decades 
back, our clothes and footwears were exclusively of natural 
origin such as vegetable fibres, wool, hair, skin of animals, etc., 
but, now the synthetic fibres produced in chemical factories have 
largely replaced them. Modem chemistry has given man new 
plastics, fbels, metal alloys, fertilizers, building materials, drags, 
energy sources, etc. 

During the last few decades, the expansion of chemistry has 
been tremendous. The field has become wide and complex. For 
convenience and better understanding of the subject, it has been 
divided into various branches. The four main branches of 
chemistry are: 

(1) Organic chemistry; (2) Inorganic chemistry; 

(3) Physical chemistry; (4) Analytical chemistry. 

(1) Organic chemistry: It is concerned with the study of 
compounds of carbon except carbonates, bicarbonates, cyanides, 
isocyanides, carbides and oxides of carbon. It is actually the 
study of hydrocarbons and their derivatives. 


(2) Inorganic chemistry: It deals with the study of all 
known elements and their compounds except organic 
compounds. It is concerned with the materials obtained from 
minerals, air, sea and soil. 

(3) Physical chemistry: It is concerned with the physical 
properties and constitution of matter, the laws of chemical 
combination and theories governing reactions. The effect of 
temperature, pressure, light, concentration, etc., on reactions 
come imder the scope of physical chemistry. 

(4) Analytical chemistry: It deals with various methods of 
analysis of chemical substances both qualitative and quantitative. 
It includes chemical and physical methods of analysis. 

A number of specialised branches have been introduced as to 
cope with the extraordinary expansion in the subject of 
chemistry. Some of the specialised branches are: 

(i) Biochemistry: It comprises the studies of the substances 
related to living organisms and life processes. 

(ii) Medicinal chemistry: It deals with the application of 
chemical substances for the prevention and cure of various 
diseases in living beings. 

(Hi) Soil and agriculture chemistry: It deals with the^ 
analysis and treatment of soils so as to increase its fertility for the' 
better yields of crops. It is concerned with the chemicals used as 
fertilizers, insecticides, germicides, herbicides, etc. 

(iv) Geochemistry: It includes the study of natural 
substances like ores and minerals, coal, petroleum, etc. 

(v) Industrial chemistry: It deals with the study of 
chemical processes for the production of useful chemicals on a 
large scale at relatively low costs. 

(vi) Nuclear chemistry: It is the most recent branch. It 
includes the study of nuclear reactions, the' production of 
radioactive isotopes and their applications in various fields. 

(vii) Structural chemistry: It deals with various 
techniques used for elucidation of the structure of chemical 
substances. It is concerned with the properties of substances in 
terms of their structure. 

(viii) Polymer chemistry: It includes the study of chemical 
substances of very high molecular masses of the order of 100,000 
or greater, called polymers—^natural or artificial. This branch is 
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gaining popularity as the use of plastics, rubber, synthetic fibres, 
silicones, etc., is on the increase these days. 

(ix) Limnochemistry; It deals with the study of chemistry 
involved in the river water or water reservoirs. 

(x) Phytochemistry: It includes the study of chemistry of plants. 

Thus, it can be said that there is no other brapch of science 

wljich is so wide in iis'scope as ehemistiy,- 

BRIEF HISTORY OF CHEMISTRY 

It is difficult to specify the date when science of chemistry came 
into existence; however, its growth must have gone side by side 
with the growth of civilization. Broadly, the history of chemistry 
can be studied under five periods of its development. 

(i) Ancient period up to 350 A.D.: In ancient times, many 
chemical operations such as souring of milk, conversion of sweet 
juices into wines, the conversion of wines into vinegar, etc., were 
known. Around 3000.B.G., techniques of making glass, pottery, 
pigments, dyes, perfumes, and extraction of nietals especially 
gold* and silver were known in China, India, Egypt and Greece. 
The beginning of chemistry as a science could probably be set 
about 400 B.C., when the theory was proposed that everything is 
coinposed of four elements: earth, air, fire and water. The first 
bock of chemistry was written in Egypt around 300 A.D. The 
term chemistry meant the Egyptian art. 

(ii) The alchemical period (350-1500): During this 
period, scientists called alcheniists tried to discover two things: 
an elixir of life which could make man eternally young and a 
philospher’s stone which could transmute base metals like zinc, 
copper, iron, etc., into gold. The alcheniists failed in their efforts 
because no philospher’s stone and elixir of life actually existed 
but we are indebted to them for designing new types of apparatus 
and for discovering new chemical operations such as distillation, 
sublimation, extraction of gold by amalgamation process and 
preparation of caustic alkalies from ashes of plants. 

(ill) flatro chemistry period (i500-l650): During this 
era, chemists paid their attention towards medico-chemical 
problems. They believed that the piimary object of chemistry was 
to prepare medicines and not to make gold from base metals. 
During this period, the study of gases was begun and quantitative 
experiments were undertaken for the first time. Robert Boyle 
(1627-1691) found that when a metal is heated in air, the mass 
increases. He also established the relationship between volume 
and pressure of a gas. In 1661, Boyle wrote the book ‘The 
Skeptical Chymist’ in which he criticised the basic ideas of 
alchemy. 

(iv) The phlogiston period (1650-1774): The phlogiston 
theory was proposed by Ernst Stahl (1660-1734). Phlogiston 
was described as a substance in a combustible material which is 
given off when the material bums. This theory persisted for about 
100 years and was a centre of much controversy. During the end 
of the eighteenth century, much work was done with gases, 
especially by Joseph Black, Henry Cavendish, Josepth 


Pripstley and Carl Scheele. Priestley was a very conservative 
scientist. Even after his discovery of oxygen, he still believed in 
phlogiston theory. 

(v) Modern period: Lavoisier (1743-1793), a French 
chemist, is regarded as the father of modern chemistry. He 
presented the exact explanation of combustion by proposing that 
oxygen is necessary for combustion. This concept was largely 
responsible for the overthrow of the phlogiston theory. Among 
his other contributions, he showed that water is composed of 
hydrogen and oxygen, proposed the theory of indestractibility of 
matter, presented a clear definition of an element and proposed a 
system of chemical nomenclature. 

Another major step towards modem Chemistry was taken in 
the first decade of the nineteenth century when the English 
chemist, John Dalton, postulated that all elements are made up 
of atoms. He pictured atoms as tiny, indestractible units that 
could combine to form compound atoms or molecules. Dalton 
proposed that each element has its own kind of atoms and the 
atoms of different elements differ in essentially nothing but their 
masses. He determined the relative masses of atoms of many 
elements. Thus, a new era had begun. The other important 
chemists of this period are: 

(a) Richter—Law of Reciprocal Proportions (1794) 

(b) Proust—Law of Definite Proportions (1799) 

(c) Gay-Lussac—^Law of Combining Volumes of Gases 
(1808) 

(d) Avogadro—Avogadro Hypothesis (1811) 

(e) Berzelius—Introduced the Modem Symbols for 
Elements (1813) 

(f) Faraday—Laws of Electrolysis (1833) 

(g) Thomas Graham—Law of Gaseous Diffusion (1861) 

(h) Mendeleev—Periodic Law and Periodic Table (1869) 

(i) Arrhenius—^Theory of Ionization (1887) 

(j) Henry Becquerel—Discovery of Radioactivity (1896) 

(k) Madam Curie—^Discovered Radium and Polonium 

(1898) 

The twentieth century is regarded as an active era of 
chemistry. During this period, chemistry has made many 
contributions to human knowledge and civilization. Now, we live 
in a world of synthetic materials. Chemistry of today is actually 
helping in solving major problems of our present day civilization 
such as population explosion, food and diseases, depletion of 
sources of energy, depletion of natural sources and environmental 
pollution. 

i;3 MATTER AND ENERGY 

Besides life, matter and energy are regarded the two fundamental 
entities with which whole of the universe is composed of. Matter 
is anything that has mass and occupies space. All bodies in the 
universe conform to this definition. Mass is the quantity of matter 
in a particular sample of matter. Mass of a body is constant and 
does not change regardless of where it is measured. The mass of a 


*Gold was probably the first metal to be used because it occurred as a free metal in the earth. 
'\Iatro is a Greek word meaning a physician. 
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body would be the same on the moon as it is on the earth. Our 
senses of sight and touch usually tell us that an object occupies 
space except in the case of colourless, odourless and tasteless 
gases where some other evidence is required to satisfy the 
definition of matter. 

The term weight should not be used in place of mass as it has a 
different meaning. The term weight refers to the force with which 
an object is attracted towards earth. An object resting on earth 
experiences a force called its weight, JV, fliat is equal to its mass 
m,multiplied by the acceleration due to gravity g, that is, 

fF = mg 

The weight of an object thus depends on the value of ‘ g’ which 
varies from place to place. However, the mass of an object is 
determined by comparing the weights of two objects, one of 
known mass, the other of unknown mass in the same location on 
earth as both experience (he same gravitational acceleration. 

Matter is indestructible, i.e., it can-neither be created, nor 
destroyed, but it can change its form; thus, the total quantity of 
matter of the universe is constant. 

Energy is defined as the capacity of doing work. 
Anything which has the capacity to push the matter from one place 
to another possesses energy. There are various forms of energy 
such as heat, light, etc. Energy is neither created, nor destroyed, but 
can only be transformed from one form of energy to another. 

The world became aware of the fact that matter can be 
converted into energy with the discovery of nuclear reactions, 
especially nuclear fission and nuclear fusion. The relationship 
between mass and energy was given by Einstein. The, famous 
relation is: 

E = mc^ 

where, E = energy, m = nmss and c = velocity of light. 

On accoimt of this equation, the above two laws are 
amalgamated into a single statement: 

“The total amount of matter and energy available in the 
universe is fixed.” 

Example 1. Calculate the amount of energy released in 
ergs, calories and in joules when OtOOlig of mass disappears. 

[Given, Velocity of light = 3x10® ms~^ ] 

Solution: According to Einstein equation, E = mc^ 

/K = 0.001kg = lx 10~® kg; c = 3x 10® ms~' 

£ = (lxl0“®)(3xl0® =9x10’® J 

1J = 10’ erg =0.24 cal 

9xl0‘® J = 9xl0’® xl0’erg=9xl0‘® x0.24cal 
= 9x10^® erg =2.16x10’® cal 

Classification of Matter 

(i) Physical classification: Matter can exist in any one of 
three forms, (a) solid, (b) liquid and (c) gas. 

In the solid state, substances are rigid. They have a definite 
shape and fixed volume. There is negligible effect of changes in 
pressure and temperature on their volumes. The individual 
particles that make up a solid occupy definite positions in the 


3 

stmcture and are very near to one another. This form of matter is 
associated with minimum amount of energy, 

in Uquid state, substances have no definite shape but possess a 
fixed volume. There is slight effect of pressure and temperature 
on their volumes. They have the property of flowing. The 
particles are nearer to one another than in a gas and this form of 
matter is associated with energy more than solids. 

In a gaseous state, substances have no definite shape and 
volume. Gases fill completely any vessel in which they are 
confined and thus occupy the whole space available to them. 
There is a large effect of pressure and temperature on their 
volumes. The particles are far apart from one another and move 
with very high speeds in all possible directions. This form of 
matter is associated with maximum amount of energy. 


Sublimation 



+ energy + ^ergy 

Solid N. — Liquid ^. . Gas 

-energy . , , ^-energy 

Absorption of energy 
Rol^seofcne^ 

Depending on temperature and pressure, a substance can exist 
in any one of the three forms of matter. 

(ii) Chemical classification: Matter exists in nature in the 
form of chemical substances. A pure substance is defined as a 
variety of matter, all samples of which have same composition 
and properties. Pure substances are divided into elements and 
compounds. Most of the materials found in nature are in the form 
of mixtures consisting of two or more substances. There are two 
types of mixtures—Homogeneous and Heterogeneous. Both 
types of mixtures can be separated into their components (pure 
substances) by mechanical and physical methods. The 
classification can be summarized in the following way: 

Matter 

1 

1 

Physical classification Chemical classification 


Solids Liquids Gases Mixtures - Pure-. 

I methods substances 


Homogeneous Heterogeneous 


„ * , Chemical „ 

Compounds --► Elements 

. - methods 

1 n. 

Inorganic Organic 
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Properties of Matter: Properties are the characteristic 
qualities with the help of which different kinds of matter can be 
commonly recognised. In chemistry, substances are distinguished 
by two types of properties, viz (i) Chemical properties and (ii) 
Physical properties. 

The chemical properties of substances are those in which they 
undergo change in composition either alone or by interactions with 
other substances, i. e. , to form new substances having different 
compositions from the substances which undergo change. 

The properties of substances which are observed in absence of 
any change in composition under specific physical state are 
termed physical properties. Colour, density, melting point, 
boiling point, hardness, refractive index, thermal conductivity, 
electrical conductivity, malleability, ductility, etc., are some 
examples of the physical properties. The properties of matter can 
be further classified into two: (i) Intensive properties and (ii) 
Extensive properties. The intensive properties are those which 
do not depend upon the quantity of matter, eg., colour, density, 
melting point, boiling point, refractive index, etc. These 
properties are same irrespective of the quantity of the substance. 
Chemical properties are also intensive properties. The extensive 
properties of matter depend on the quantity of matter. Volume, 
mass, weiglit. energy, etc., are the extensive properties. 

1.4 ELEMENTS AND COMPOUNDS 

Elements are pure substances that cannot be decomposed into 
simpler substances by chemical changes. The smallest particles 
of an element possess the same properties as the bigger particles. 
An element can also be defined as a pure substance which 
consists of only one type of atoms. Due to discovery of isotopes, 
this definition does not seem to be correct. The modem definition 
of an element is that it is a simple individual which has a definite 
atomdc number (see atomic structure) and has a definite position in 
the periodic table. It cannot be decomposed in a chemical change. 
In chemistry, the elements are the chemical alphabet and 
compounds are the words, i. e. , combinations of elements. 

There are presently 117 different elements known. Every 
element has been given a definite name and for convenience a 
nick name which in chemical language is called a symbol. 
Symbol is a small abbreviation to represent a full and lengthy 
name of the element. Symbols have been derived: 

(i) either by taking the first letter of the name of the element 
which is capitalized: 

O—Oxygen N—Nitrogen F— Fluorine 

C— Carbon H—Hydrogen U— Uranium 

P—Phosphorus S—Sulphur I— Iodine 

(ii) or by taking the first letter and one more letter from the 
name of the element. The first letter is always capitalized. 

Ca —Calcium Ni—^Nickel Al— ^Aluminium 

Mg—Magnesium Co —Cobalt Bi—Bismuth 

Cl—Chlorine Br—Bromine Ba—Barium 


(iii) or from names of the elements in other languages such as 
Latin, German, etc. 

Na—Sodium (Latin name Natrium) 

Cu—Copper (Latin name Cuprum) 

Fe—Iron (Latin name Ferrum) 

Ag—Silver (Latin name Argentum) 

Pb—Lead (Latin name Plumbum) 

Au—Gold (Latin name Aurum) 

K—Potassium (Latin name Kalium) 

Hg—Mercury (Latin name Hydragymm) 

W—^Tungsten (German name Wolfram) 


Out of 117 elements known, 88 have been isolated from 
natural sotrrces and the remaining have been prepared by 
artificial means. The man made elements are: 


S.No. 

Name 

Symbol 

S.No. 

Name 

Symbol 

1. 

Neptunium 

Np 

16. 

Hassium or 
Urmiloctium 

Hs or 

Uno 

2. 

Plutonium 

Pu 

17. 

Meitnerium or 
Unnilennium 

Mt or 

Une 

3. 

Americium 

Am 

18. 

Ununnilium 

Uim 

4. 

Curium 

Cm 

19. 

Unununium 

Uuu 

5. 

Berkelium 

Bk 

20. 

Ununbium 

Uub 

6. 

Californium 

Cf 

21. 

Ununtrium 

Uut 

7. 

Einsteinium 

Es 

22. 

Ununquadium 

Uuq 

8. 

Fermium 

Fm 

23. 

Ununpentium 

Uup 

9. 

Mendelevium 

Md 

24. 

Ununhexium 

Uuh 

10. 

Nobelium 

No 

25. 

UnuEOctium 

Uuo 

11. 

Lawrencium 

Lr 

26. 

Technetium 

Tc 

12. 

Kurchatovium 

Ku 

27. 

Promethium 

Pm 

13. 

Hahnium 

Ha 

28. 

Astatine 

At 

14. 

Seaborgium or 
Unnilhexium 

Sg or 
Unh 

29. 

Francium 

Fr 

15. 

Nielsbohrium or 
Unnilseptium 

Bh or 
UlK 





The elements from S. No. 1 to 25 are called transuranic 
elements. The credit for the discovery of most of the transuranic 
elements goes to the scientist G.T. Seaborg. The first artificially 
produced element was technetium. It was synthesised in 1937 by 
scientists at the University of California at Berkley. 

Most of the earth’s crust is made up of a small number of 
elements. Only ten of the naturally occurring elements make up 
99% mass of the earth’s cmst, oceans and atmosphere. The 
following table shows the abundance of highly abundant 
elements in nature: 


Note : Among the naturally occurring elements, JH is lightest and ^||U is the heaviest atom. 


L 
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Abundance of Elements (Earth’s Crust, Oceans and 
Atmosphere) 


Oxygen 

49.5%' 


Chlorine 

0.19%' 

Silicon 

25.7% 


Phosphorus 

0.12% 

Aluminium 

7.5% 


Manganese 

0.09% 

Iron 

4.7% 


Carbon 

0.08% 

Calcium 

3.4% 

CNi 

Sulpur 

0.06% 

> 

Sodium 

2.6% 

Os 

Barium 

0.04% 

Potassium 

2.4% 


Chromium 

0.033% 

Magnesium 

1.9% 


Nitrogen 

0.030% 

Hydrogen 

0.87% 


Fluorine 

0.027% 

Titanium 

0.58%. 


Zirconium 

0.023%. 


If the entire universe is considered, then 90% of matter is 
hydrogen. Helium is the second most abundant element 
amounting to 9% and the remaining elements make up only 1% 
of the universe with oxygen, neon, carbon and nitrogen next in 
order of decreasing abundance. 

The commercial use of an element depends not only upon its 
abundance but also upon its accessibility. Some of the common 
elements such as copper, zinc, tin and lead are not abundant but 
are found in nature in rich deposits from which these can be 
easily extracted. On the other hand, the elements such as titanium 
and zirconium which are found in abundance in nature are not 
widely used because their ores are not rich and their extraction is 
difficult and expensive. 

Metals, Non*metals and Metalloids 

All the elements may be classified into two groups, metals 
and non-metals. The division is based on both physical and 
chemical properties. 

Metals are regarded as those elements which possess the 
following properties; 

(i) They are generally solids at ordinary conditions. Mercury 
is an exception which is in liquid state. 

(ii) They are lustrous in nature. 

(iii) They possess high density. 

(iv) They are good conductors of electricity and heat. 

(v) They are malleable and ductile. 

(vi) They possess generally high melting and boiling points. 

(vii) They react with mineral acids liberating hydrogen. 

(viii) They form basic oxides. 

(ix) They form non-volatile hydrides if combine with 
hydrogen. 

(x) They have molecules usually mono-atomic in the vapOur 
state. 

Sodium, calcium, aluminium, copper, silver, zinc, iron, nickel, 
gold, mercury, etc., are the examples of metals. 

The non-metals do not show the above properties. Six of the 
non-metals, carbon, boron, phosphorus, sulphur, selenium and 
iodine, are solids. Bromine is the only liquid non-metal at room 
temperature and normal pressure. The remaining non-metals; 
nitrogen, oxygen, fluorine, chlorine, hydrogen, helium, argon, 
neon, krypton, xenon and radon are gases. Non-metals are 


generally (i) brittle, (ii) non-lustrous, (iii) having low melting 
and boiling points, (iv) non-conductors of heat, (v) capable of 
forming acidic oxides or neutral oxides, (vi) not capable of 
evolving hydrogen from acids, and (vii) capable of forming 
volatile hydrides. 

There are some elements which do not fit completely into 
either the metal or non-metal class. Elements which have some 
properties of both metals and non-metals are called semi-metals 
or metalloids. The semi-metals are silicon, germanium, arsenic, 
antimony and tellurium. 

The above classification of elements is a rough one as certain 
metals like lithium, sodium, potassium possess low density; 
certain non-metals like hydrogen and graphite (a form of carbon) 
are good conductors of electricity. Metals rarely combine with 
one another while non-metals combine with one another to form 
compounds. Metals and non-metals commonly combine with 
each other to form compounds. 

Compounds 

Compounds are also pure substances that are composed of 
two or more different elements in a fixed proportion by mass. 

Compounds containing more than four elements are rare. The 
properties of a compound are altogether different from the 
properties of the elements from which it has been constituted. 
The compound water has a definite composition, i.e, 11.2% 
hydrogen and 88.8% oxygen. Thus, the two are present in the 
ratio of 1 : 8 by mass. The properties of water are totally different 
from the properties of hydrogen and oxygen both. Hydrogen and 
oxygen are in gaseous state while water is in liquid state under 
ordinary atmospheric conditions. Oxygen supports combustion 
while hydrogen is combustible but water is normally used for 
extinguishing fire. Component elements in compounds can be 
separated only by chemical means and not by physical methods. 

Compounds are classified into two types: 

(i) Organic compounds: The ^compounds obtained from 
living sources are termed organic compounds. The term organic 
is now applied to hydrocarbons (compounds of carbon and 
hydrogen) and their derivatives. 

(ii) Inorganic compounds; i The compounds obtained from 
non-living sources such as rocl^ and minerals are termed 
inorganic compounds. The compounds of all elements except 
hydrocarbons and their derivatives are included in this category. 
The number of organic compounds is very large in comparison to 
inorganic compounds. 

Some Specific Properties of Substances: Some specific 
properties of substances are given below: 

(i) Deliquescence: The property of certain compounds of 
taking up the moisture present in atmosphere and becoming wet 
when exposed, is knpwn as deliquescence. These compounds are' 
known as deliquescent. Sodium hydroxide, potassium hydroxide, 
anhydrous calcium chloride, anhydrous magnesium chloride, 
anhydrous ferric chloride, etc., are the bxamples of deliquescent 
compounds. Sodium chloride is noti deliquescent but when 
common salt is placed in atmosphere it becomes wet due to 
presence of an impurity of magnesium chloride. 

(ii) Hygroscopicity: Certain compounds combine with the 
moisture of atmosphere and are converted into hydroxides or 
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hydrates. Such substances are called hygroscopic. Anhydrous 
copper sulphate, quick lime (CaO), anhydrous sodium carbonate, 
etc., are of hygroscopic nature. 

(iii) Efflorescence: The property of some crystalline 
.substances of losing their water of crystallisation on exposure 
and becoming powdery on the surface is called efflorescence. 
Such salts are known as efflorescent. The examples are: 

Ferrous sulphate (FeS 04 - 7 H 20 ), sodium carbonate 
(Na 2 CO 3 l 0 H 2 O), sodium sulphate (Na 2 SO 4 - 10 H 2 O), potash 
alum [K 2 SO 4 ■ AI 2 (SO 4 >3 -IdHjO], etc.' 

(iv) Malleability: This property is shown by metals. When 
the solid is beaten and does not break but is converted into a thin 
sheet, it is said to possess the property of malleability. Copper, 
gold, silver, aluminium, lead, etc., can be easily hammered into 
sheets. Gold is the most malleable metal. 

(v) Ductility: The property of a metal to be drawn into 
wires is termed ductility. Copper, silver, gold, aluminium, iron, 
etp., are ductile in nature. Platinum is the most ductile metal. 

(vi) Elasticity: When the stress is small, the solid: • 
completely regains its original shape, size or volume after the 
deforming force is removed. The solid is then said to be elastic. 
Steel, glass, ivory, etc., are elastic bodies. 

(vii) Plasticity: When stress is increased on a metal, a limit 
is reached beyond which, if the stress is removed, the solid does 
not come back to its original shape or size. It acquires a permanent 
deformation. Such materials can be given any shape without any 
difficulty. 

(viU) Brittleness: The solid materials which break into 
small pieces on hammering are called brittle. The solids of 
non-metals are generally brittle in nature. 

(ix) Hardness: A material is said to be harder than the other 
if it can scratch it. The hardness is measured on Mho’s scale. For 
this purpose, ten minerals have been selected which have been 
assigned hardness from 1 to 10 . 


Hardness 

Mineral 

Hardness 

Mineral 

1 

Talc 

6 

Orthoclase 

2 

Gypsum 

7 

Quartz 

.3 

Calcite 

8 

Topaz 

4 

Fluorite 

. 9 

Corundum 

5 

Apatite 

. 10 

Diamond 


On Mho’s scale, hardness of diamond is maximum and that of 
talc is ihinimum. If a material can scratch topaz but carmot 
scratch corundum it possesses hardness equal to 8 . 


iM MIXTURES 

A mixture is a material containing two or more substances either 
elements or compounds or both in any proportion. Substances 
which form a mixture are called components. Components are 
present in the,mixture without loss of their identity. There are two 
types of mixtures—homogeneous and heterogeneous. In a 
homogeneous mixture, the components are mixed uniformly to 


microscopic level. The components cannot be seen.by naked 
or with the help of a microscope. The mixture is unifopn 
throughout having a single phase*. The homogeneous mixture is 
isotropic in nature, z.e., every portion of it has the same 
composition and properties. 

Alloys such as brass, steel, 22-carat gold; solutions such as 
common salt dissolved in water, sugar dissolved in water, iodine 
dissolved in carbon tetrachloride, benzene in toluene, methyl 
alcohol in water; gasoline (a mixture of hydrocarbons), air, etc., 
are some of the examples of homogeneous mixtures. 

A heterogeneous mixture is not uniform. It can have two or 
more phases. The components can be seen by naked eye or with 
the help of a microscope. It has anisotropic properties, Le., 
properties are not uniform throughout the mixture. Soil, a 
mixture of sulphur and sand, a mixture of iron filings and sand, 
smoke, etc., are the examples of heterogeneous mixtures. 

The components of a mixture differ in many of their physical 
and chemical properties. The advantage of this difference is taken 
in the separation of a mixture. The method of separation 
employed should not bring about the destruction of any one of the 
components. Some preliminary techniques based on physical 
properties are described here in brief 

(i) Filtration: This method is useful when one of the 
components is an insoluble solid in a solvent. The insoluble solid 
is obtained by filtration of the suspension through filter-paper. 
For example, common salt containing sand is separated by 
filtration. The mixture is mixed with water. It is shaken so as to 
dissolve common salt. The sand remains insoluble. The 
suspension is put to filtration. ..The. sand collects on the; 
filter-paper. It is taken in a basin and dried by heating. The filtrate 
is taken in evaporating dish and heated till whole of the water is 
evaporated. Solid common salt is thus obtained in the dish. 

Sugar containing charcoal, potassium nitrate containing saw 
dust or mixtures having insoluble components can be separated 
by filtration. 

(H) Sublimation: It is a process in which a solid'substance is 
directly converted into its vapours by an^lication of heat and vapour is 
reconverted into solid by subsequent cooling. The method is used 
when one of the components undergoes sublimation and other 
components are not decomposed by heating. For example, naphtha¬ 
lene can be separated from common salt by sublimation. Similarly, a 
mixture of ammonium chloride and potassium chloride can be 
separated by sublimation as ammonium chloride sublimes on heating. 

(iii) Distillation: It is a process of converting a liquid into 
its vapour by heating and then condensing the vapours again into 
the same liquid by cooling. Thus, distillation involves 
vaporisation and condensation both. 

Distillation - Vaporisation + Condensation 
This method is employed to separate liquids which have 
different boiling points or a liquid from non-volatile solid or 
solids either in solution or suspension. The mixture of copper 
sulphate and water or mixture of water (b.p. 100°C) and methyl 
alcohol (b.p. 45^0) can be separated by this method. 


* Phase is defined as part of .a system which has uniform properties and composition. A solution or mixture of sugar and water is a one phase system. 
Every drop of the solution has same properties and sarhe 'composition. 
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(iv) Magnetic separation: If one of the components of a 
mixture has magnetic properties, it can be separated by using a 
magnet. Iron is separated from a mixture of iron filings and 
sulphur by moving a magnet through the mixture. 

(v) Solvent extraction; This method is based on the 
preferential solubility of one of the components of the mixture in 
a particular solvent (usually a low-boiling organic solvent) which 
forms a distinctly separate layer with the other liquid if present in 
the mixture. For example, iodine present in water can be 
recovered with the help of ether or carbon disulphide. For this 
method, a separating funnel is utilized. The aqueous solution of 
iodine is taken in separating funnel to which ether is added. The 
funnel is shaken. Two layers are formed. The upper layer which 
is dark brown consists of ether and iodine and the colourless 
lower layer consists of only water. The lower layer is taken out. 
The coloured layer is then poured out and ether is removed 
cautiously by distillation when iodine is left behind. 

Two immiscible liquids such as water and oil can also be 
separated by the use of a separating funnel. 


Example 2. How will you separate the following mixtures? 

(a) Sulphur, potassium nitrate and charcoal, 

(b) Sand, common salt, iron filings and naphthalene, 

(c) Powdered glass, ammonium chloride and potassium 
chloride. 


Solution: 


(a) (i) Sulphur is soluble in carbon disulphide, 

(ii) Potassium nitrate is soluble in water, 

(iii) Charcoal is insoluble in carbon disulphide as 
well as in water. 

Mixture 


Stirred with CS 2 and filtered 


Filtrate (soln. of sulphur is CS 2 ) 


Evaporated 

Sulphur 


r 

Filtrate 


Residue 

Shaken with water and 
filtered 

I 

Residue 


Evaporated to 

dryness 


Dried 


Potassium nitrate 


Charcoal 


(b) (i) Iron filings are separated by a magnet, 

(ii) Naphthalene sublimes on heating, 

(iii) Sand is insoluble in water. 


Mixture 


I 

Iron filings attracted 
by magnet 


A magnet is moved in the mixture 


Residue 


Vapours 

Cooled 

Naphthalene 


Heated 


Residue 

(Common salt + sand) 


Shaken with 
water and filtered 


Filtrate 


Residue 


Evaporated 
to dryness 


Dried 


Common salt Sand 


(c) (i) Ammonium chloride sublimes on heating, 

(ii) Potassium chloride is soluble in water, 

(iii) Powderpd glass is insoluble in water. 

1.6 ALLOYS 


When two or more elements are melted together and resulting 
liquid is allowed to solidify, the product so obtained is called an ’ 
alloy if it possesses metallic properties. An alloy may consist of a 
mixture of a metal with another metal, a metal with a non-metal 
or a metal with both metal and non-metal. 

Alloys are prepared because they have properties more 
suitable for certain applications than do the simple metals. Alloys 
are used because they are harder and stronger, have desirable 
casting properties, special physical properties such as magnetic 
propertifes and resistance to corrosion in certain environments. 
Meltingjpoint of an alloy is normally lower than the melting point 
of either of the pure components. Thermal and. electrical. 
conductivities are normally reduced in alloys. 

An mloy containing one component mercury is called 
amalgam. Most of the metals form amalgams. Iron, platinum, 
tungsten, etc., are few metals which do not form amalgams. 

AUoys are mainly classified into two distinct types, namely 
ferrous and non-ferrous. Ferrous alloys always contain iron, 
carbon and one or two of the other elements such as manganese, 
nickel, chromium, copper, vanadium, molybdenum, tungsten, 
etc. When the percentage of carbon in the alloy is below 0.1, the 
alloy is termed the iron alloy and if it is above 0.1, the alloys are 
called steels. When iron is not present in the alloy, it is termed a 
nomferrous alloy. Some of the important alloys have been listed 

below: _ ■ _ 

Alloy Composition Main uses' 

1. Brass . Cu 60-80%, Utensils, condenser tubes, 

Zn 20-40% electrical goods, cartridge 

shell 

2. Bronze Cii 75-90%, Coins, statues, utensils. 

Sn 10-25% 
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3. German 
silver 

Cu 56%, Zn 24%, 

Ni 20% 

Utensils, resistance coils 

4. Gun metal 

Cu 87%, 

Sn 10%, Zn 3% 

Machine parts, guns 

, 5. Rolled gold 

Cu95%,A15% 

Artificial jewellery 

6. Magnalium 

A194%, Mg 6% 

Balance beams, light 
instruments 

7. Electron 

Mg 95%, Zn 5% 

Constraction of aircraft 

8. Duralumin 

A1 95%, Cu 4%, 

Mn 0.5%, Mg 0.5% 

Making aeroplanes 

9. Type metal 

Pb 82%, Sb 15%, 

Sn 3% 

Making printing types 

10. Solder 

Pb 50-70%, 

Sn 30-50% 

Soldering 

11. Britannia 

Sn 93%, 

Sb 5%, Cu 2% 

Tableware 

12. Wood’s metal Bi50%,Pb25%, 

Sn 12.5%, Cd 12.5% 

Electric fuses and other 
safety devices 

13. Nichrome 

Ni 60%, Cr 15%, 
Fe25% 

Electrical resistances 

14. Constantan 

Ni 40%, Cu 60% 

Electrical resistances 

15. Monel metal 

Ni 70%, Cu 30% 

Chemical plants 

16. invar 

Ni 35%, Steel 65% 

Surveying instruments, 
pendulums, chronometers 

17. Stainless 

Fe 89.4%, Cr 10%, 

Utensils, ornamental 

steel 

Mn 0.35%, C 0.25% 

pieces. 


1.7 PHYSICAL AND CHEMICAL CHANGES 

Matter undergoes two types of changes; physical and chemical. A 
physical change is one in which a substance changes its physical 
state but keeps its chemical identity. In physical change, a new 
substance does not come into existence. Mass remains the same. 
Physical properties are altered. This is a temporary change. For 
example, water shows all of its chemical properties whether it is 
in the form of ice or water or steam. Ice melts to form water and 
water can be converted again into ice by placing it in a freezer. 
When 10 g of ice melts, 10 g of water is obtained. Melting, 
evaporation, condensation, freezing, sublimation, distillation, 
passing of electric current through metallic conductor, making of 
magnet from an iron piece, are some examples of physical 
changes. 

In a chemical change, a new substance or substances come 
into existence. The starting materials called reactants, are used up 
and new substanefe called products, are formed. The 
composition of the new substances is different from that of the 
starting materials. It is a permanent change as it is not easy to 
obtain the starting materials again from the products. 

Energy is always released or absorbed when chemical or 
physical changes occur. Energy is required to melt ice and energy 
is required to boil water. Conversely, the condensation of steam 
to form liquid water always liberates energy, as does the freezing 
of liquid water to form ice. Chemical changes either release 
energy (exothermic) or adsorb energy (endothermic). 

Chemical changes are of various types. The important ones 
are: 


(i) Combination: Two or more substances react to form one 
product. When a compound is obtained by the direct reaction 
between elements, it is termed direct union or synthesis. 

H2+Cl2 = 2HCl ; C + 02 = C02 

2Mg + 02= 2MgO ; SO 2 + HjO = HjSOj 

(ii) Decomposition: When a compound is broken down 
into two or more simple constituents, the change is called 
decomposition. Often heat is utilised for the decomposition. Such 
decomposition is termed thermal decomposition. 

2HgO = 2Hg + O 2 ; 2 KCIO 3 = 2KC1 + SOj 
CaCOj = CaO+ CO 2 ; 2 NaHC 03 = NajCOj + H 2 O + CO 2 

(iii) Substitution: When one element enters into a 
compound by the replacement of the other element, the change is 
termed substitution. 

CUSO 4 + Zn = Cu + ZnS 04 ; C 2 H 6 + CI 2 = C 2 H 5 CI + HCl 

2KI + CI 2 = 2KC1 +12 ; Zn + 2HC1 = ZnCl 2 + H 2 

(iv) Addition: Something is added to a chemical substance 
without elimination. 

KI + I 2 = KI 3 

C 2 H 4 +HBr = C 2 H 5 Br 

.OH 

CH 3 CHO + HCN = CH 3 CH-y 

^CN 

(v) Internal rearrangement: When nothing is added or 
nothing is eliminated from a chemical substance but due to 
rearrangement of the various atoms present in a molecule, a new 
compound comes into existence. When ammonium cyanate is 
heated, a new substance urea is formed. 

NH 4 CN 0 = NH 2 CONH 2 

The chemical change is termed isomerisation, when one 
isomer is converted into another. 

CH 3 

CH3 — CHj — CH2 — CH3 CH3 ---CH— CH3 

n-Butane tOOt 2-Methyl propane 

(vl) Polymerization: Two or more molecules of a 
substance combine to form a giant molecule, 

3 C 2 H 2 = QH, 

Acetylene Benzene 

nHCHO = (HCHO)„ 

Formaldehyde fommldehyde 

(vil) Double decomposition: An exchange of partners 
occurs between two compountb. 

AB + ^^ AD + CB 

Ba Cl; +N a 2 S 04 == BaS 04 + 2NaCl 

KOH+llCl = KCl + HjO 

I_ I 
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The reaction is also termed neutralisation, i.e., a reaction 
between an acid and a base to form a salt and water molecule. 

FeCl, + 3HOH = Fe(OH )3 + 3HC1 

Water 

Reaction of above type is termed hydrolysis. 

1.8 LAWS OF CHEMICAL COMBINATION 

In order to understand the composition of various compounds, it 
is necessary to have a theory which accounts for both qualitative 
and quantitative observations during chemical changes. 
Observations of chemical reactions were most significant in the 
development of a satisfactory theory of the nature of matter. 
These observations of chemical reactions are summarised in 
certain statements known as laws of chemical combination. 

(i) Law of conservation of mass: The law was first stated 
by Lavoisier in 1774. It is also known as the law of 
indestructibility of matter. According to this law, in all chemical 
changes, the total mass qf a system remains constant or in a 
chemical change, mass is neither created nor destroyed. This 
law was tested by Landolt. All chemical reactions follow this 
law. Thus, this law is the basis of all quantitative work in 
chemistry. 

Example: 1.70 g of silver nitrate dissolved in lOOg of water 
is taken. 0.585 g ofsodium chloride dissolved in lOOg of water is 
added to it and chemical reaction occurs. 1.435 g of silver 
chloride and 0.85 g of sodium nitrate are formed. 

Solution: Total masses before chemical change 

= Mass of AgN 03 + Mass of NaCl + Mass of water 
= 1.70g + 0.585g + 200.0g 
= 202.285 g 

Total masses after the chemical reaction, 

= Mass of AgCl + Mass of NaN 03 + Mass of water 
= 1.435g+0.85 g +200.0 g 
= 202.285 g 

Thus, in ftis chemical change. 

Total masses of reactants = Total masses of products 

This relationship holds good when reactants are completely 
converted into products. 

In case, the reacting materials are not completely consumed, 
the relationship will be 

Total masses of reactants = Total masses of products 

+ Masses of unreacted reactants 

(ii) Law of definite or constant proportions: This law 
was presented by Proust in 1799 and may be stated as follows: 

A chemical compound always contains the same element 
combined together in fixed proportion by mass, Le^ a 
chemical compound has a fixed composition and it does not 
depend on the method of its preparation or the source from 
which it has been obtained. 


For example, carbon dioxide can be obtained by using any one 
of the following methods: ■ 

(a) by heating calcium carbonate, 

(b) by heating sodium bicarbonate, 

(c) by burning carbon in oxygen, 

(d) by reacting calcium carbonate with hydrochloric acid. 

Whatever sample of carbon dioxide is taken, it is observed 

that carbon and oxygen are always combined in the ratio of 
12: 32 or 3: 8 . 

The converse of this law that when same elements combine in 
the same proportion, the same compound will be formed, is not 
always true. For example, carbon, hydrogen and oxygen when 
combine in the ratio of 12 : 3 : 8 may form either ethyl alcohol 
(CjHjOH) or dimethyl ether (CH 3 OCH 3 ) under different 
experimental conditions. 

(iii) Law of multiple proportions: This law was put 
forward by Dalton in 1808. According to this law, if two 
elements combine to form more than one compound, then the 
different masses of one element which combine with a fixed 
mass of the other element, bear a simple ratio to one another. 

•Hydrogen and oxygen combine to form two compounds HjO 
(water) and H 2 O 2 (hydrogen peroxide). 

In water. Hydrogen 2 parts Oxygen 16 parts 

In hydrogen peroxide, Hydrogen 2 parts Oxygen 32 parts 

The masses of oxygen which combine with same mass of 
hydrogen in these two compoimds bear a simple ratio 1 : 2 . 

Nitrogen forms five stable oxides. 


Np 

Nitrogen 28 parts 

Oxygen 16 parts 

N2O2 

Nitrogen 28 parts 

Oxygen 32 parts 

N 2 O 3 

Nitrogen 28 parts 

Oxygen 48 parts 

N2O4 

Nitrogen 28 parts 

Oxygen 64 parts 

N2O5 

Nitrogen 28 parts 

Oxygen 80 parts 


The masses of oxygen which combine with same mass of 
nitrogen in the five compounds bear a ratio 16 : 32 : 48 : 64 : 80 
■ or 1 : 2 : 3 : 4 : 5. 

(iv) Law of reciprocal proportions: This law was given 
by Richter in 1794. The law states that when definite mass of an 
element A combines with two other elements B and C to form 
two compounds and if B and C also combine to form a 
compound, their combining masses are in same proportion or 
bear a simple ratio to the masses of B and C which combine 
with a constant mass of A. 



NaCI 


For example, hydrogen combines with sodium and chlorine to 
form compounds NaH and HCl respectively. 
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In NaH, Sodium 23 parts Hydrogen one part 

In HCl, Chlorine 35.5 parts Hydrogen one part 

Sodium and chlorine also combine to form NaCl in which 23 
parts of sodium and 35.5 parts of chlorine are present. These are 
the same parts which combine with one part of hydrogen in NaH 
and HQ respectively. 



Hydrogen combines with sulphur and oxygen, to form 
compounds H 2 S and H 2 O respectively. 

InH 2 S, Hydrogen 2 parts Sulphur 32 p^ 

InH 20 , Hydrogen 2 parts Oxygen 16 parts 

Thus, according to this law, sulphur should combine with 
oxygen in the ratio of 32 ; 16 or a simple multiple of it. Actually, 
both combine to form SO 2 in the ratio of 32 ; 32 or 1 ; 1. 

The law of reciprocal proportions is a special case of a more 
general law, the law of equivalent masses, which can be stated 
as under: 

“In aU chemical reactions, substances always react in the 
ratio of their equivalent masses.” 

(v) Law of gaseous volumes: This law was enunciated by 
Gay-Lussac in 1808. According to this law, gases react with 
each other in the simple ratio of their volumes and if the product 
is also in gaseous state, the volume of the product also bears a 
simple ratio with the volmnes of gaseous reactants when all 
volumes are measured under similar conditions of temperature 
and pressure. 


Hj +Cl2 = 

2HC1 

ratio 

1 : 1:2 

1 vol 1 vol 

2vo! 



2 H 2 + 02 “ 

2 H 2 O 

ratio 

2 : 1:2 

2 vol 1 vol 

2 vol 



2CO + O 2 = 

= 2 C 02 

ratio 

2 : 1:2 

2 vol 1 vol 

2 vol 



N 2 + 3 H 2 = 

2 NH 3 

ratio 

1:3:2 

1 vol 3 vol 

2 vol 




:: :;?*|^soME solved exampi.es\I2!::: : 

Examples. What mass of sodium chloride would be 
decomposed by 9.8 g of sulphuric a0d, if 12 g of sodium 
bisulphate and 2.75 g of hydrogen chloride were produced in a 
reaction assuming that the law of conservation of mass is true? 
Solution: NaCl + H 2 SO 4 = NaHS 04 + HCl 
According to law of conservation of mass, 

Total masses of reactants = Total masses of products 
Let the mass of NaCl decomposed be x g, so 
x+9.8 =12.0+2.75 
= 14.75 
x = 4.95g 


Example 4. In an experiment, 2.4 g of iwn oxide on 
reduction with hydrogen, yield 1.68 g of iron. In another 
experiment, 2.9 g of iron oxide give 2.03 g of iron on reduction 
with hydrogen. Show that the above data illustrate the law of 
constant proportions. 

Solution: 

In the first experiment 

The qiass of iron oxide = 2.4 g 
The mass of^ron after reduction = 1 .68 g 
The mass of oxygen = Mass of iron oxide - Mass of iron 
= (2.4-1.68) = 0.72 g 

Ratio of oxygen and iron = 0.72:1.68 = 1:2.33 
In the second experiment 
The mass of iron oxide=2.9 g 
The mass of iron after reduction = 2.03 g 
The mass of oxygen = (2.9 - 2.03) = 0.87 g 
Ratio of oxygen and iron = 0.87:2.03 = 1:2.33 
Thus, the data illustrate the law of constant proportions, as in 
both the experiments the ratio of oxygen and iron is the same. 

" ’ Example 5. Carbon combines with hydrogen to form three 
compounds A, B and C. The percentages of hydrogen in A, B and 
C are 25, 14.3 and 7.7 respectively. Which law of chemical 
combination is illustrated? 

Solution: 


Cmnpound 

%ofHydropn 

% of Carbon 

A 

25.0 

(100-25.0) =75.0 

B 

14.3 

(100 -14.3) = 85.7 

C 

7.7 

(100 - 7.7) = 92.3 


In Compound A 

25 parts of hydrogen combine with 75 parts of carbon 
1 part of hydrogen combines with 75/25 
= 3 parts of carbon 
In Compound B 

14.3 parts of hydrogen combine with 85.7 parts of carbon 
1 part of hydrogen combines with 85.7/14.3 
= 6.0 parts of carbon 

In Compound C 

7.7 parts of hydrogen combine with 92.3 parts of carbon 
1 part of hydrogen combines with 92.3/7.7 
= 12.0 parts of carbon 

Thus, the masses of carbon in three compounds A,B and C, 
which combine with a fixed mass of hydrogen are in the ratio of 
3:6:12 or 1:2:4. This is a simple ratio. Hence, the data 
illustrate the law of multiple proportions. 

Example 6. Two compounds each containing only tin and 
oxygen had the following composition: 

Mass % of tin Mass % of oxygen 

Compound A 78.77 21.23 

CompoundB 88.12 11.88 

Show how this data illustrate the law ofmultiple proportions? 
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Solution: 

In Compound^ 

21.23 parts of oxygen combine with 78.77 parts of tin 
1 part of oxygen combines with 78.77/21.23 
= 3.7 parts of tin 

In Compound B 

11.88 parts of oxygen combine with 8&12 parts of tin 
1 part of oxygen combines with 88.12/11.88 
= 7.4 parts of tin 

Thus, the mass of tin in compounds A and B which 
combine with a fixed mass of oxygen are in the ratio of 3.7 : 7.4 
or 1 : 2. This is a simple ratio. Hence, the data illustrate the law of 
multiple proportions. 

- Example?. Illustrate the law of reciprocal proportions 
from the following data: KCl contains 52.0% potassium, KI 
contains 23.6% potassium and ICl contains 78.2% iodine. 

Solution: In KCI: Potassium 52.0%, 

Chlorine (100-52) = 48% 

In KI: Potassiiun 23.6%; 

Iodine (100 - 23.6) = 76.4% 

23.6 parts of potassium combine with 76.4 parts of iodine 
52.0 parts of potassium will combine with 

(76.4/23.6) X 52.0= 168.3 parts of iodine. 

The ratio of masses of chlorine and iodine which combines 
with same mass of potassium = 48:168.3 or 1; 3.5 

In ICl: Iodine = 78.2% and chlorine 

= (100-78.2)= 21.8% 

The ratio of chlorine and iodine in ICl = 21.8; 78.2 = 1:3.5. 
Hence, the data illustrate the law of reciprocal proportions. 

Example 8. Zinc sulphate crystals contain 22.6% of zinc 
and 43.9% of water. Assuming the law of constant proportions to 
be true, how much zinc should be used to produce ll).! gofzinc 
sulphate and how much water will they contain? 

Solution: 100 g of zinc sulphate crystals are obtained from 
= 22.6 g zinc 

1 g of zinc sulphate crystals will be obtained from 
= 22.6/ lOOg zinc 

13.7 g of zinc sulphate crystals will be obtained from 

= 32:^x13.7 

100 

= 3.0962g of zinc 

lOOg of zinc sulphate crystals contain water 
= 43.9g 

1 g of zinc sulphate crystals contain water 
= 43.9/100 g 

13.7 g of zinc sulphate crystals shall contain water 
43 9 

= Z±Zx 13.7 = 6.0143 g 
100 


; Example 9. Carbon monoxide reacts with oxygen to form 
carbon dioxide according to the equation, 2 CO + O 2 — 2 (X> 2 . 
In an experiment, 400 mL of carbon monoxide and 180 mb of 
oxygen were allowed to react, when SOVo of carbon monoxide was 
transformed to carbon dioxide. 

All the volumes were measured under the same conditions of 
temperature and pressure. Find out the composition of the final 
mixture. 

Solution: 2CO + Oj = 2 CO 2 

2 vol 1 vol 2 vol 


From the above equation, it is observed that volume of oxygen 
required for the transformation of carbon monoxide into carbon 
dioxide is half the volume of carbon monoxide and the volume of 
carbon dioxide produced is same as that of carbon monoxide. 


Volume of carbon monoxide transformed 


80x400 

100 


= 320 mL 


Hence, volume of oxygen required for transformation 

= -x320=160mL 
2 


Volume of carbon dioxide produced 
= 320 mL 

So, the composition of final mixture is 

Carbon monoxide = (400 - 320) 
= 80mL 

Carbon dioxide = 320 mL 


Oxygen-180-160 = 20mL 

Example 10. How much volume of oxygen will be required 
for complete combustion of 40 ml of acetylene {C 2 H 2 ) and how 
much volume of carbon dioxide will be formed? All volumes are 
measured at NTP 


Solution: 


2C2H2 

+ 5O2 = 

4CO2 

2 vol 

5 vol 

4 vol 

40 mL 

-x40 mL 

4 

-x40 mL 


2 

2 

40 mL 

100 mL 

80 mL 


So, for complete combustion of 40 mL of acetylene, 100 mL 
of oxygen are required and 80 mL of carbon dioxide is formed. 


1.9* DALTON’S ATOMIC THEORY 

The concept that matter is composed of very small particles was 
given by Indian and Greek philosophers. As early as 400 to 500 
B.C. the Greek philosopher Democritus suggested that matter 
caimot be forever divided into smaller and smaller parts. The 
ultimate particles were considered as indivisible. These particles 
were called atoms. The word atom has been derived from the 
Greek word ‘atomo^ meaning ‘indivisible’. These early ideas, 
however, were not based on experimente but were mere 
speculations. The existence of atoms was accepted by Boyle in 
his book ''The Sceptical ChymisT (1661) and by Newton in his 
books ‘ Principia' and ‘ Op ticks’ (1704). The old ideas were put on 
a scientific scale by John Dalton in the years 1803 to 1808 in the 
form of a theory known as Dalton’s Atomic Theory which is a 
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landmark in the history of chemistry. The main points of Dalton’s 
atomic theory are: 

(i) Elements consist of minute, indivisible, indestructible 
particles called atoms. 

(ii) Atoms of an element are identical to each other. They 
have the same mass and size. 

(iii) Atoms of different elements differ in properties and have 
different masses and sizes. 

(iv) Compounds are formed when atoms of different elements 
combine with each other in simple numerical ratios such 
as one-to-one, one-to-two, two-to-three and so on. 

(v) Atoms cannot be created, destroyed or transformed into 
atoms of other elements. 

(vi) The relative numbers and kind of atoms are always the 
same in a given compound. 

The theory convincingly explained the various laws 
of chemical combination, but the theory has undergone a 
complete shake up with the modem concept of stmcture of atom. 
However, the Daltonian atom still retains its significance as the 
unit participating in chemical reactions. The following are the 
modified views regarding Dalton’s atomic theory: 

(i) The atom is no longer supposed to be indivisible. The 
atom is not a simple particle but a complex one. 

(ii) Atoms of the element may not necessarily possess the 
same mass but possess the same atomic number and 
show similar chemical properties (Discovery of 
isotopes). 

(iii) Atoms of the different elements may possess the same 
mass but they always have different atomic numbers and 
differ in chemical properties (Discovery of isobars). 

(iv) Atoms of one element can be transmuted into atoms of 
other element. (Discovery of artificial transmutation). 

(v) In certain organic compounds, like proteins, starch, 
cellulose, etc., the ratio in which atoms of different 
elements combine cannot be regarded as simple. There 
are a number of compounds which do not follow the law 
of constant proportions. Such compounds are called 
non-stoichiometric compounds. 

1.10. ATOMS, MOLECULES AND FORMULAE 

An atom is the smallest particle of an element. The atom of 
hydrogen is the smallest and the lightest. Atoms take part in 
chemical combination and remain as indivisible. All atoms do not 
occur free in nature. Avogadro introduced the idea of another 
kind of particles called the molecules, A molecule is the smallest 
particle of an element or compound that can have a stable 
and independent existence. A molecule of an element consists 
of one or more atoms of the same element. Certain elements are 
capable of existence as single atoms and their atoms can be 
regarded as molecules. A molecule of an element that consists of 
one atom only is called monoatomic molecule as in the case of 
inert gases. Oxygen is not stable in atomic form but is stable in 
molecular form. A molecule of oxygen is diatomic in nature, i. e., 
its molecule consists of two oxygen atoms. Hydrogen, nitrogen, 
fluorine, chlorine, bromine, iodine are also diatomic like oxygen. 


Some elements exist in more complex molecular forms. The 
molecule of phosphorus consists of four phosphoras atoms and 
the molecule of sulphur consists of eight sulphur atoms. Such 
molecules having more than two atoms are said to be polyatomic. 
A representation of the molecule of an element involves use of a 
subscript to the right of the elemental symbol. The diatomic 
molecule of chlorine is represented as Cl 2 , whereas molecules of 
phosphorus and sulphur are represented as P 4 andS 8 , 
respectively. 

The molecule is the smallest possible unit of a compound 
which shows the properties of the compound. The molecules of 
all compounds contain two or more different types of atoms. 
These differ from the molecules of elements which contain only 
one type of atoms. 

Thus, it becomes clear that atoms are the components of 
molecules and the molecules are components of elements or 
compounds. 

The formula is a group of symbols of elements which 
represents one molecule of a substance. The formula of a 
substance represents its chemical composition. Water consists of 
molecules containing two hydrogen atoms and one oxygen atom 
which are represented as HjO. The subscript to the right of the 
symbol for hydrogen indicates the number of hydrogen atoms 
contained in a molecule. No subscript follows the symbol for 
oxygen which means, by convention, that only one atom of 
oxygen is contained in the molecule. 

The subscripts representing the number of atoms contained in 
a molecule of a compound are in no way related to the number of 
atoms present in the molecule of a free element. Although both 
hydrogen and oxygen are composed of diatomic molecules, a 
water molecule contains only one atom of oxygen and two atoms 
of hydrogen. The two hydrogen atoms present in HjO are not 
molecular hydrogen but rather two hydrogen atoms that have 
chemically combined with an oxygen atom. 

For a chemical formula to be correct, it must contain two 
pieces of information: (i) it must indicate the elements in the 
make up of the compound, and (ii) it must indicate the combining 
ratio of atoms of these elements in the particular compound. The 
first information is provided by including in the formula correct 
chemical symbols for all the elements in the compound. The 
second piece of information is provided by subscripts, i.e., 
numbers written to the right slightly below the chemical symbols 
of the elements. 

Nitric acid is a combination of hydrogen, nitrogen and oxygen 
giving a base formula HNO. These elements combine in the ratio 
1:1:3. Therefore, the correct formula for nitric acid is HNOj. 

Some compounds are composed of ions rather than of 
molecules. Ions differ from atoms and molecules by being 
electrically charged particles of matter. The charges may 
be positive or negative and generally vary in magnitude. 
The positively charged ions are called cations and negatively 
charged ions are called anions. Simple cations and anions 
come into existence by loss and acceptance of an electron or 
electrons by neutral atoms respectively. Ions that consist of 
several atoms held together by chemical bonds similar to those 
involved in the molecules are called polyatomic ions or complex 
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ions. These complex ions differ from molecules in the sense that 
they bear a charge. Some of the common complex ions are: 


N 03 

Nitrate 

0 

1 

Phosphate 

NH/ 

Ammonium 

SOj“ 

Sulphate 

CIOJ 

Perchlorate 

PH/ 

Phosphonium 

so^ 

Sulphite 

0 

0 

Carbonate 

Mn 04 

Permanganate 


When ions are present in a compound, the number of positive 
charges on a cation must balance with the negative charges on an 
anion to produce electrically neutral matter. Since, the charge on 
the anion may not always be equal to that on the cation, the 
number of anions will not always be equal to the number of 
cations. 

Calcium nitrate consists of calcium and nitrate ions. Each 
calcium ion carries 2 units positive charge while each nitrate ion 
carries 1 unit negative charge. Thus, to make net charge zero, two 
nitrate ions will link with one calcium ion and the formula will be 
Ca(N 03 ) 2 ,[Ca^'*'+ 2 NO 3 ]. Names and formulae of some 
common chemical compounds are listed below : 


Common Name 

Chemical Name 

Chemical Formula 

Alum 

Ammonium 
aluminium sulphate 

(NH4)2S04-Al2(S04)3 

■ 24 H 2 O 

Aspirin 

Acetyl salicylic acid 

C 9 H 8 O 4 

Battery acid or 
oil of vitriol 

Sulphuric acid 

H 2 SO 4 

Blue vitriol 

Copper sulphate 

CuS04-5H20 

Baking soda 

Sodium bicarbonate 

NaHCOj 

Bleaching powder 

Calcium 

chlorohypochlorite 

CaOClj 

Borax 

Sodium tetraborate 

Na 2 B 4 O 7 - 10 H 2 O 

Butter of tin 

Stannic chloride 

SnCU-SHjO 

Caustic soda 

Sodium hydroxide 

NaOH 

Caustic potash 

Potassium hydroxide 

KOH 

Carbolic acid 

Phenol 

CgHjOH 

Chile saltpetre 

Sodium nitrate 

NaNOj 

Carborundum 

Silicon carbide 

SiC 

Corrosive sublimate 

Mercuric chloride 

HgClj 

Calomel 

Mercurous chloride 

Hg 2 Cl 2 

Dry ice 

Carbon dioxide (solid) CO 2 

Formalin 

Formaldehyde 
(40% solution) 

HCHO 

Grain alcohol (Spirit) Ethyl alcohol 

C 2 HJOH 

Green vitriol 

Ferrous sulphate 

FeS04-7H20 

Gypsum 

Calcium sulphate 

CaS 04 - 2 H 20 

Gamraexane (BHC) 

Benzene hexachloride CgH^Clg 

ttydrolith 

Calcium hydride 

CSH 2 

Hypo (Antichlor) 

Sodium thiosulphate 

Na2S203-5H20 


Common Name 

Chemical Name 

Chemical Formula 

Indian nitre 

Potassium nitrate 

KNO 3 

Limestone 

Calcium carbonate 

CaCOj 

Limar caustic 

Silver nitrate 

AgNOj 

Laughing gas 

Nitrous oxide ‘ ' 

NjO 

Litharge 

Lead monoxide 

PbO 

Muratic acid 

Hydrochloric acid 

HCl 

Mohr’s salt 

Ferrous ammonium 
sulphate 

FeS04(NH4)2S04 

- 6 H 2 O 

MiUc of magnesia 

Magnesium hydroxide Mg(OH )2 

Microcosmic salt 

Sodium ammonium 
hydrogen ortho¬ 
phosphate 

Na(NH4)HP04 

Marsh gas (Damp fire) Methane 

CH4 

Oleum 

Sulphuric acid 
(Fuming) 

H 2 S 2 O 7 

Oxone 

Sodium peroxide 

Na202 

Plaster of Paris 

Calcium sulphate 
hemihydrate 

CaS04~H20 

Philosphers’s wool 

Zinc oxide 

ZnO 

Phosgene 

Carbonyl chloride 

COCI 2 

Pearl ash 

Potassium carbonate 

K 2 CO 3 

Pyrene 

Carbon tetrachloride 

CCI4 

Picric acid 

2,4,6-Trinitrophenol 

C6H2(0H)(N02)3 

Quick lime 

Calcium oxide 

CaO 

Red lead (Minium) 

Lead tetroxide 

Pb304 

Sugar 

Sucrose 

C12H22O11 

Slaked lime (Milk of 
lime) 

Calcium hydroxide 

Ca(OH )2 

Sal ammoniac 

Ammonium chloride 

NH4CI 

Sugar of lead 

Lead acetate 

(CH 3 COO) 2 pb 

Sand 

Silicon dioxide 

Si 02 

Table salt (Common 
salt) 

Sodium chloride 

NaCl 

TEL 

Tetra-ethyl lead 

Pb(C 2 H 5)4 

Tear gas 

Chloropicrin 

CCI 3 NO 2 

Washing soda 

Sodium carbonate 

Na 2 CO 3 - 10 H 2 O 

Water glass 

Sodium silicate 

Na2Si03 

White vitriol 

Zinc sulphate 

ZnS 04 ' 7 H 20 


tM. ATOMIC AND MOLECULAR MASS 

One of the most important concepts derived from Dalton’s atomic 
theory is that of atomic mass, i.e., each element has a 
characteristic atomic mass. As atoms are very tiny particles, their 
absolute masses are difficult to measure. However, it is possible 
to determine the relative masses of different atoms if a small unit 
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of mass is taken as a standard. For this purpose, mass of one atom 
of hydrogen was assumed as unity and was accepted as standard. 
The atomic mass of an element can be defined as the number 
which indicates how many times the mass of one atom of the 
element is heavier in comparison to the mass of one atom of 
hydrogen. 

A = Atomic mass of an element 

_ Mass of one atom of the element 
Mass of one atom of hydrogen 

In 1858, oxygen atom was adopted as a standard on account of 
the following reasons: 

(i) It is much easier to obtain compounds of elements with 
oxygen than with hydrogen as oxygen is more reactive than 
hydrogen. 

(ii) The atomic masses of most of the elements become 
approximately whole numbers but with hydrogen as standard the 
atomic masses of most of the elements are jfractional. 

The mass of one atom of natural oxygen was taken to be 16,0. 

Thus, atomic mass of an element 

_ Mass of one atom of the element 

th part of the mass of one atom of oxygen 

16 

Mass of one atom of the element , ^ 

=-X 16 

Mass of one atom of oxygen 

By accepting oxygen as a standard, the atomic mass of 
hydrogen comes as 1.008, sodium 22.991 and sulphur 32.066. 

In 1961, the International Union of Chemists selected a new 
unit for expressing the atomic masses. They accepted the stable 
isotope of carbon ('^C)with mass number of 12 as the stanctard. 
Atomic mass of an element can be defined as the number 
which indicates how many times the mass of one atom of the 
element is heavier in comparison to ^ th part of the mass of 

one atom of carbon-12 (^^C). 

A = Atomic mass of an element 
_ Mass of one atom of the element 

— th part of the mass of one atom of carbon -12 
Mass of one atom of the element , _ 
° Mas,ofo,.a,oo,pfcarbo,-12 ^'^ 

[The quantity ‘A’ was formerly known as atomic weight. 
However, this term is no longer used as the word ‘weight’ means 
gravitational force.] 

Atomic mass unit: The quantity ^ mass of an atom of 

carbon-12 ('^G) is known as the atomic mass unit and is 
abbreviated as amu. The actual mass of one atom of carbon-12 is 
1.9924 X 10“^^ g or 1.9924 x 10"^^ kg. 

*The term Dalton is used for one atomic mass unit, 1 Dalton = 1 amu. 


Thus, 

1 * 1.9924 X10 ir,-24 tr.-n , 

lamu =--= 1.66x10^ g or 1.66x 10 kg 

12 6.6 

A = Atomic mass of an element 
_ Mass of one atom of the element 
lamu 

The atomic masses of some elements on the basis of carbon-12 
are given below; 


Hydrogen 

1.008 amu 

Iron 

55.847 amu 

Oxygen 

16.00 amu 

Sodium/ 

22.989 amu 

Chlorine 

35.453 amu 

Zinc 

65.38 amu 

Magnesium 

24.305 amu 

Silver 

107.868 amu 

Copper 

63.546 amu 




The actual mass of an atom of an element 

= The atomic mass of an element in amu x 1.66 x 10“^“* g 

So, the actual mass of hydrogen atom 

= 1.008X 1.66X 10‘“ = 1.6736X 10“^^^ g 

Similarly, the actual mass of oxygen atom 

= 16x1.66x10-^ =2.656x10“^^ g 

It is clear from the above list of atomic masses that atomic 
masses of a number of elements are not nearly whole numbers. 
Actually, the above values are average relative masses. Most of 
the elements occur in nature as a mixture of isotopes. 
(Isotopes—the atoms of the same element having different 
atomic masses). With very few exceptions, however, elements 
have constant mixtures of isotopes. Chlorine is found in nature as 
a mixture containing two isotopes Cl-35 (34.969 amu) and Cl-37 
(36.966 amu). These are found in the ratio of75.53% (Cl-35) and 
24.47% (Cl-37). Therefore, the average relative mass of chlorine 
is calculated as: 

(34.969 X 0.7553) -H (36.966 x 0.2447) = 35.46 amu 

Based on the average mass, the atomic mass of chlorine is 
35.46 or 35.5 amu but it is never possible to have an atom having 
a relative mass 35.5 amu. It can have relative mass of about 35.0 
or 37.0 amu depending on the particular isotope. Thus, average 
relative mass of any naturally occurring sample of chlorine is 
35.46 or 35.5 amu as it is a mixture of two isotopes present in 
definite proportion. The same reasoning applies to all other 
elements. 

The averse atomic masses of various elements are 
determined by multiplying the atomic mass of each isotope by its 
fractional abundance and adding the values thus obtained. The 
fractional abundance is determined by dividing percentage 
abundance by hundred. 

■' . ^ . m x a + nx b 

Average isotopic mass =- 

m+ n 

here, a, b are atomic masses of isotopes in the ratio m :n. 
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X y 

Average isotopic mass ~-x a ^-x b 

100 100 

here, x, y are percentage abundance of the two isotopes 
(y=100-x). 

Example 11. Bonn has two isotopes boron-\Qand boron-l 1 
whose percentage abundances are 19.6% and 80.4% respectively. 
What is the average atomic mass of boron? 

Solution: 

Contribution of boron -10 = 10.0 x 0.196 = 1.96 arau 
Contribution of boron-ll=11.0 x 0.804 = 8.844amu 
Adding both = 1.96 + 8.844 = 10.804 amu 


Thus, the average atomic mass of boron is 10.804 amu. 


Example 12. Carbon occurs in nature as a mixture of 
carbon-12 andcarbon-l'i. The average atomic mass of carbon is 
12.011. What is the percentage abundance of carbon-12 in 
nature? 


Solution: Let x be the percentage abundance of carbon-12; 
then (100 - x) will be the percentage abundance of carbon-13. 

„ - 12x 13(100-x) 

Therefore, — + —i- - = 12.011 

100 100 ' 

or 12x +1300-13x= 1201.1 

or x = 98.9 


Abundance of carbon-12 is 98.9%. 

Gram-atomic Mass Or Gl^lh Atom 

When numerical value of atomic mass of an element is 
expressed in grams, the value becomes gram-atomic mass or 
gram atom. The atomic mass of oxygen is 16 while gram-atomic 
mass or gram atom of oxygen is 16 g. Similarly, the gram-atomic 
masses of hydrogen, chlorine and nitrogen are 1.008 g, 35.5 g 
and 14.0 g respectively. Gram-atomic mass or gram atom of 
every element consists of same number of atoms. This number 
is called Avogadro’s number. The value of Avogadro’s number 
is6.02xlo2\ 

Absolute mass of one oxygen atom 

= 16amu=16xl.66xl0'^'*g 

Therefore, the mass of 602 x 10^^ atoms of oxygen will be 
= 16x 1.66X IQ-^'* X 6.02x10“ 

= 16g (gram-atomic mass) 

Thus, gram-atomic mass can be defined as the absolute 
mass in grams of 6.02 x 10“ atoms of any element. 

Number of gram atoms of any element can be calculated with 
the help of the following formula: 

Mass of the element in grams 

No. of gram atoms =- 

Atomic mass of the elenKnt in grams 

Molecular Mass 

Like an atom, a molecule of a substance is also a very small 
particle possessing a mass of the order of 10“^"' to 10““ g. Similar 
to atomic mass, molecular mass is also expressed as a relative 
mass with respect to the mass of the standard substance which is 
an atom of hydrogen or an atom of oxygen or an atom of 
carbon-12. The molecular mass of a substance may be defined as 


the mass of a molecule of a substance relative to the mass of an 

atom of hydrogen as 1.008 or of oxygen taken as 16.00 or the 

mass of one atom of carbon taken as 12. Molecular mass is a 

number which indicates how many times one molecule of a 

substance is heavier in comparison to -^th of the mass of 

16 

oxygen atom or ^th of the mass of one atom of carbon-12. 

M - Molecular mass 

_ Mass of one molecule of the substance , 

4 - th mass of one atom of carbon -12 
12 

The mass of a molecule is equal to sum of the masses of the 
atoms present in a molecule. One molecule of water consists of 2 
atoms of hydrogen and one atom of oxygen. Thus, molecular 
mass of water = (2 x 1.008) + 16.00= 18.016amu. One molecule 
of H 2 SO 4 (sulphuric acid) consists of 2 atoms of hydrogen, one 
atom of sulphur and four atoms of oxygen. Thus, the molecular 
mass of sulphuric acid is 

= (2x1.008) + 32.00 -p (4 x 16.00) 

= 98.016or 98.016amu 

* 

Gram-molecular Mass or Gram Molecule 

A quantity of substance whose mass in grams is 
numerically equal to its molecular mass is caUed gram- 
molecular mass. In other words, molecular mass of a substance 
expressed in grams is called gram-molecular mass of gram 
molecule. For example, the molecular mass of chlorine is 71 and, 
therefore, its gram-molecular mass or gram molecule is 71 g. 

Similarly, molecular mass of oxygen (O 2 ) is 32, Le., 
2xl6=32amu. 

Gram-molecular mass of oxygen = 32g 
Molecular mass of nitric acid (HNO3 )is 63, i. e ., 

= 1 + 14 + 3 X 16 = 63 amu 
Gram-molecular mass of nitric acid = 63 g 

Gram-molecular mass should not be confused with the mass 
of one molecule of the substance in grams. The mass of one 
molecule of a substance is known as ite actual mass. For 
example, the actual mass of one molecule of oxygen is equal to 
32 X 1 .66 X 10“^** g. i.e ., 5.32 x 10““ g. 

The number of gram molecules of a substance present in a 
given mass of a substance can be determined by the application 
of following formula: 

No. of gram molecules 

Mass of a substance in grams 
Molecular mass of the substance in grains 

., X. • 1 1 I Molar ma^ in grams 

Mass of single molecule=- ^ - 

6.023x10“ 

= Molar mass in amu x 1 . 66 x 10““ grams 

Example 13. Calculate the mass of 2.5 gram atoms of 
oxygen. 

Solution: We know that, 

Mass of the elenKnt in grams 

No. of gram atoms =- 

Atomic mass of the element in gyams 
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So, Mass of oxygen = 2.5 x 32 = 80.0 g 

Example 14. Calculate the gram atoms in 2.3 g o/ sodium. 

2 3 

Solution: No. of gram atoms — = 0.1 

23 

[Atomic mass of sodium = 23 g] 

Example 15. Calculate the mass of 1.5 gram molecule of 
sulphuric acid. 

Solution: Molecular mass of 

H 2 SO 4 =2x 1+32 + 4X 16=98.0amu 
Gram-molecular mass of H 2 SO 4 =98.0g 

Mass of 1.5 gram molecule of H 2 SO 4 =98.0x 1,5 = 147.0g 

Example 16. Calculate the actual mass of one molecule of 
carbon dioxide {CO 2 ). 

Solution: Molecular mass of CO 2 = 44 amu 

lamu = 1 . 66 x 10 “g 

So, The actual mass of CO 2 = 44 x 1 .66 x 10”^^ 

= 7.304 X 10“^^ g 

f.ir AVOGADRO’S HYPOTHESIS 

According to Dalton’s atomic theory, elements react with each 
other in the simple ratio of their atoms. Gay-Lussac proposed that 
gases combine in simple ratio of their volumes. In an attempt to 
correlate Dalton’s atomic theory with Gay-Lussac law of gaseous 
volumes, Berzelius stated that under similar conditions of 
temperature and pressure, equal volume of all gases contain 
the same number of atoms. This hypothesis was subsequently 
found to be incorrect as it failed to interpret the experimental 
results and contradicted the very basic assumption of Dalton’s 
atomic theory, i.e., an atom is indivisible. For example, the 
formation of hydrogen chloride from hydrogen and chlorine 
could not be explained on the basis of Berzelius hypothesis. 

Hydrogen + Chlorine = Hydrogen chloride 


1 vol 

1 vol 

2 vol 

n atoms 

n atoms 

2 n compound atoms 

1 atom 

1 atom 

2 compound atoms 

j^atom 

j^atom 

1 compound atom 


i.e., for the formation of 1 compound atom of hydrogen 
chloride, atom of hydrogen and atom of chlorine are needed. 
In other words, each atom of hydrogen and chlorine has been 
divided which is against Dalton’s atomic theory. Thus, the 
hypothesis of Berzelius was discarded. 

The Italian scientist, Amedeo Avogadro, in 1811, solved the 
above problem by proposing two types of particles from which 
whole of the matter is composed of. 

(i) Atom: The smallest particle of an element that can take 
part in chemical change but generally cannot exist freely as such. 


(ii) Molecule: The smallest particle of a substance (element or 
compound) which has frre or indqjendent existence and possesses 
all characteristic properties of the substance. A moleciile of an 
element is composed of like atoms while a molecule of a compound 
contains fixed number of atoms of two or more different elements. A 
molecule may be broken down into its constituent atoms but the 
atom is indivisible during a chemical change. 

Avogadro after making the above differentiation, presented a 
hypothesis known as Avogadro hypothesis which can be stated 
as follows: 

“Under simUar conditions of temperature and pressure, 
equal volumes of aH gases contain equal number of molecules.” 

Avogadro hypothesis explains successfully the formation of 
hydrogen chloride. 

Hydrogen + Chlorine = Hydrogen chloride 
1 vol 1 vol 2 vol 

n molecules n molecules 2n molecules 

1 molecule 1 molecule 2 molecules 

i molecule ^molecule 1 molecule 

1 atom 1 atom 1 molecule 

(Both hydrogen and chlorine are diatomic in nature.) 

Thus, the hypothesis explains that the molecules of reacting 
gases break up into constituent atoms during chemical change 
which then combine to form new molecules of the product or 
products. 

Applications of Avogadro’s hypothesis 

(i) Atomicity*: Atomicity means number of atoms present 
in one molecule of an elementary gas. Hydrogen, oxygen, 
nitrogen, chlorine, etc., are diatomic in nature. Noble gases are 
monoatomic while ozone is triatomic in nature. Avogadro’s 
hypothesis helps in determining the atomicity of elements. 

(ii) Relationship between molecular mass and vapour 
density: The vapour density of any gas is the ratio of the 
densities of the gas and hydrogen under similar conditions of 
temperature and pressure. 

Density of gas 

Vapour Density (V.D.) =- 

Density of hydrogen 

Mass of a certain volume of the gas 

Mass of same volume of hydrogen at 
the same tenp. and pressure 

If n molecules are present in the given volume of a gas and 
hydrogen under similar conditions of temperature and pressure. 

Mass of n molecules of gas 

V.D.=-=- 

Mass of n molecules of hydrogen 

Mass of 1 molecule of gas 
Mass of 1 molecule of hydrogen 


*Atomicity can be ascertained with the values of ratio of two specific heats of gases 


— = 1.66 (Monoatomic), — = 1.40 (Diatomic), — = 1.33 (Polyatomic) 
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Molecular mass of gas 
Molecular mass of hydrogen 
_ Mol. mass 

2 

(since, mol. mass of hydrogen = 2 ) 

Hence, 2 x V. D.=Mol. mass 

This formula can be used for the determination of molecular 
masses of volatile substances from vapour density. Vapour 
density is measured mainly by two methods: 

(a) Victor Meyer and (b) Duma’s methods. 

(iii) Gram-molecular volume: 1 g mole of any gas 
occupies 22.4 litres or 22400 mL of volume at NTP or STP 
conditions.* 

The density of hydrogen at NTP is 0.00009 g mL“*. Thus, 
0.00009 g of hydrogen will occupy volume at NTP = 1 mL 

1 

1 g of hydrogen occupies volume at NTP =-mL 

0.00009 

Ig mole of hydrogen (2.016 g) occupies volume at NTP 

= . = 22400 mL = 22.4 litre 

0.00009 

According to Avogadro’s hypothesis, equal volumes of 
different gases contain same number of molecules under similar 
conditions of temperature and pressure. Thus, 22,4 litre or 22400 
mL of any gas at NTP will contain one gram mole or its molecular 
mass in grams. 

Loschmidt number: Number of molecules in 1 cm^ or 1 mL 
of a gas at S.T.P. is known as Loschmidt number. 

, u - 4 * t. 6.023x10“ 

Loschmidt number =-- 

22400 

= 2 . 68 xl 0 ‘* molecules mL“* 

(iv) Molecular formula: Avogadro’s hypothesis helps in 
finding the molecular formulae of gases. Under similar 
conditions of temperature and pressure, 2 volumes of ozone after 
decomposition give 3 volumes of oxygen. 

DecoR^josidon 

Ozone-> Oxygen 

2 vol 2 vof 

2 molecules 3 molecules 

1 molecule 3/2 molecules 

1 molecule 3 atoms 

Thus, the formula of ozone is O 3 . 

t'13 MOLE CONCEPT 

For the counting of articles, the unit dozen or unit gross is 
commonly used irrespective of their nature. For example, one 
dozen pencils means 12 pencils or one dozen apples means 12 


apples or one gross books means 144 books or one gross oranges 
means 144 oranges. In a similar way, for counting of atoms, 
molecules, ions, etc., chemists use the unit mole. The term mole 
was introduced by Ostwaki in 1896. This is the Latin word 
‘moles’ meaning heap or pile. A mole (mol) is defined as the 
number of atoms in 12.00 g of carbon-12. The number of atoms 
in 12 g of carbon -12 has been found experimentally to be 
.6.02 X10^^, This number is also known as Avogadro’s number 
named in honour of Amedeo Avogadro (1776-1856). 

Thus, a mole contains 6.02 x 10^^ units. These miits can be 
atoms, molecules, ions, electrons or anything else. 

1 mole of hydrogen atoms means 6.02 x 10 ^^ hydrogen atoms. 

1 mole of hydrogen molecules means 6.02 x 10 ^^ hydrogen 
molecules. 

1 mole of potassium ions means 6.02 x 10 ^^ potassium ions. 

1 mole of electrons means 6.02 x 10 “ electrons. 

The type of entity must be specified when the mole 
designation is used. A mole of oxygen atoms contains 6.02 x 10^^ 
oxygen atoms, and a mole of oxygen molecules contains 
6.02x10^^ oxygen molecules. Therefore, a mole of oxygen 
molecules is equal to two moles of oxygen atoms, 
i. e., 2 X 6.02 x 10^^ oxygen atoms. 

How much does one mole weigh? That depends on the nature 
of particles (units). The mass of one mole atoms of any element 
is exactly equal to the atomic mass in grams (gram-atomic 
mass or gram atom) of that element. 

For example, the atomic mass of aluminium is 27 amu. One 
amu is equal to 1.66 x 10 “ g. One mole of aluminium contains 
6.02 X10^^ aluminium atoms. 

Mass of one atom aluminium = 27 x 1 .66 x 10~^‘‘ g 

Mass of one mole aluminium=27 x 1 .66 x 10"“ x 6.02 x 10“ 

= 27g 

This is the atomic mass of aluminium in grams or it is one 
gram atomic mass or one gram atom of aluminium. 

Similarly, the mass of 6.02 x 10“ molecules (1 mole) of a 
substance is equal to its molecular mass in grams or 
gram-molecular mass or gram molecule. For example, 
molecular mass of water is 18 amu. Thus, ma^ of one mole of 
water will be 18x 1.66x 10'“ x 6.02x 10“,z.e., 18 g. This is 
the molecular mass of water in grams or one gram-moleculsu' 
mass or one gram molecule. 

Mole concept is also applicable to ionic compounds which do 
not contain molecules. In such cases, the formula of an ionic 
compound represents the ratio between constituent ions. The 
mass of 6.02 X 1 o“ formula units represents one mole of an ionic 
compound. 


* 0°C or 273 K temperature and one atmosphere or 760 mm of Hg or 76 cm of Hg pressure are known as the standard conditions of temperature and 
pressure (STP) or normal conditions of temperature and pressure (NTP). 
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One mole of BaCl 2 =6.02x 10^^ BaCl 2 units 
= 208.2g BaCl 2 

= Molecular mass (formula mass) of BaCl 2 
= 6.02 X 10^^ Ba^’*’ ions + 2 x 6.02 

X 10^^ Cr ions 

= 137.2+71.0 =208.2g 

One mole of a substance will have mass equal to formula 
mass of that substance expressed in grams. 

It has been established by Avogadro’s hypothesis that one 
gram-molecutar mass of any gaseous substance occupies a 
volume of 22.4 litres at NTP. One gram-molecular mass is 
nothing but one mole of substance. Thus, one mole, 
j.e. , 6 . 02 x 10 ^^ molecules of any gaseous substance occupies 
22.4 litres as volume at NTP. 

The following formulae satisfy the above discussion. 

1 mole of a substance = 6.02 x 10 ^^ particles of the substance 

Number of moles of a substance 

_ Mass of substance in gram 

Mass of one mole of the substance in gram 
No. of particles 

Further, Number of moles =--— 

6 . 02 x 10 ^' 

Thus, 

No. of particles _ Mass of substance in gram 

6.02 X 10^^ Ma^ of one mole of the substance in gram 

Mass of one atom of an element 

_ Gram atom of an element 

6.02x10^^ 

Mass of one molecule of a substance 

_ Gram-molecular mass of the substance 

6.02x10^^ 

Number of molecules 

Volume of gas in litres at NTP ^ , „23 

22.4 


i: tlSSl ^SoME Solved Examples\ SU - 

. Example 17. A piece of copper weighs 0.635g, How many 
atoms of copper does it contain? [CEE (Bihar) 1992] 

Solution: Gram-atomic mass of copper = 63.5 g 

Number of moles in 0.635 g of copper= 0.01 

63.5 

Number of copper atoms in one mole = 6.02 x 10^^ 

Number of copper atoms in 0.01 moles = 0.01 x 6.02 x 10^^ 

= 6.02x10^* 

Example 18. How mahy molecules of water and oxygen 
atoms are present in 0.9 g of water? 

Solution: Gram-molecular mass of water = 18g 

09 

Number of moles in 0.9 g of water = — =0.05 

18 


Nxunber of water molecules in one mole of water 

= 6 . 02 x 10 ^^ 

Number of molecules of water in 0.05 moles 

= 0.05 x 6.02x10^^ 

= 3.010x 10“ 

As one molecule of water contains one oxygen atom. 

So, number of oxygen atoms in 3.010x10“ molecule of 
water = 3.010 X 10“ 

Example 19. Calculate the mass of a single atom of 
sulphur and a single molecule of carbon dioxide. 

Solution: 

Gram-atomic mass of sulphur = 32g 

,, „ , , Gram-atomic mass 

Mass of one sulphur atom = 


6 . 02 x 10 
32 


,23 


5.33 X 10““ g 


6 . 02 x 10 


23 


Formula of carbon dioxide = CO, 


Molecular massofCO^ =12+2x 16 = 44 

Gram-molecular mass of CO 2 = 44 g 

., . , , o Gram-molecular mass 

Mass of one molecule of CO, = 


6.02x10“ 
44 


= 7.308 X 10““ g 


6.02x10“ 

Example 20. What is the mass o/3.01 x 10“ molecules of 
ammonia? 

Solution: Gram-molecular mass of ammonia = 17 g 

Number of molecules in 17 g (one mole) of NH 3 = 6.02 x 10^^ 

Let the mass of 3.01 x 10“ molecules of NH 3 be=xg 

3.01x10“ ^ 

17 


So, 


or 


6.02x10“ 
17x3.01x10“ 


= 0.85g 


6.02x10“ 

Example 21. From 200 mg of CO 2 , 10 ^^ molecules are 
removed. How many moles of CO 2 are left? 

Solution: 

Gram-molecular mass of CO j = 44 g 

44 

Mass of 10^^ molecules of CO, 


xl0“ = 0.073 g 


6.02x10“ 
Mass ofC 02 left =(0.2-0.073) = 0.127 g 


Number of moles of CO 2 left = =2.88x10 ^ 

44 ' 
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; . Example 22. How many molecules and atoms of oxygen 
are presentjn 5.6 litres of oxygen {O 2 )at NTP? 

Solution: We know that, 22.4 litres of oxygen at NTP 
contain 6.02 10 ^^ naolecules of oxygen. 


6.02x10^^ 

10® X 60 x 60 x 24 x 365 
= 19.089X 10® years = 1.9089X 10'° ^ars 


So, 5.6 litres of oxygen at NTP contain 

= X 6.02 X 10^^ molecules 
22.4 

= 1.505x 10^^ molecules 
1 molecule of oxygen contains = 2 atoms of oxygen 

So, 1.505 X 10^^ molecules of oxygen contain 

= 2x1.505x 10“ atoms 
= 3.0lx 10 “ atoms 

Example 23» How many electrons are present in 1.6 g of 
methane? 

Solution: Gram-molecular mass of methane, 

(CH 4 ) = 12 + 4 = 16g 
Number of moles in 1.6g of methane 

= 1 :^ = 0 .! 

16 

Number of molecules of methane in 0.1 mole 

= 0.1x6.02x10“ 

= 6 . 02 x 10 “ 


One molecule of methane has = 6 + 4 = 10 electrons 
So, 6.02 X 10 “ molecules of methane have 

= 10x 6.02x 10 “ electrons 
= 6.02 X 10 “ electrons 

Example 24, The electric charge on the electron is 
1.602 X 10~'® coulomb. How much charge is present on 0.1 mole 
ofCu^* ions? 

Solution: Charge on one mole of electrons 

= 6.02 X 10 “ X 1.602 X 10"'® coulomb 
= 96500 coulomb = 1 faraday 
Charge on one mole of Cu “ ions 

=2 X 96500 coulomb = 2 faraday 
Charge on 0.1 mole of Cu“ ions 

=0.1X 2 = 0.2 faraday 

Example 25. How many years it would take to spend one 
Avogadro's number of rupees at a rate of \Q lakh of rupees in one 
second? {.\ILNR 1990) 

Solution: Number of rupees spent in one second = 10® 

Nurhber of rupees spent in one year 

= 10® X 60 x 60 x 24 x 365 

Avogadro's number of rupees will be spent 




1 . 11^ mg of a compound on vaporisation in Victor Meyer’s 

apparatus displaces 44.8 mL of air measured at STP. The 
molecular mass of the compound is: |CEE (Kerala) 2004| 

(a) 116 (b)232 (c) 58 (d) 44.8 (e)46.4 

[Ans. (c)] 

[Hint: Molar mass of compound 

= Mass of22400 mL vapour at STP 


2 . 


3. 


4. 


s. 


0.116 x 22400 
44.8 


58] 


A gas has a vapour density 11.2. The volume occupied by 1 g 
ofthegasatNTPis: (JCECE 2004) 

(a) 1 L (b)11.2L (c)22.4L (d)4L 

[Ans. (a)] 


[Hint: Molar mass = 2 X 11.2 = 22.4 g 

22 4 

Voliune of 1 g compound at STP = = 1 L] 


3 g of hydrocarbon on combustion with 11.2 g of oxygen 
produce 8.8 g of CO 2 and 5.4 g of H 2 O. The data illustrate 
the law of: 

(a) conservation of mass (b) multiple proportions 
(c) constant proportions (d) reciprocal proportions 
[Ans. (a)] 

[Hint; 2 Masses of reactants = 2 Masses of products 
(3+11,2) g (8.8+5.4) g 

Hence, law of conservation of mass is verified.] 

The maximum number of molecules is present in: 

[CBSE (PMT) 2004; Manipal (Medical) 2007] 
(a) 15 L of H 2 gas at STP (b) 5 L of Nj gas at STP 

(c) 0.5 g of H 2 gas (d) 10 g of O, gas 

[Ans. (a)] 

[Hint: 

Number of molecules in 15 L H 2 = xN = 0.669 N 

22.4 

Number of molecules in 5 L N, = —^ xN = 0.223 N 

- 22.4 

Number of molecules in 0.5 g H 2 = ^ xN = 0.25 N 
Number of molecules in 10 g O, = — x A = 0.312 ] 


Insulin contains 3.4% sulphur. Then, the minimum molecular 
mass of the insulin is about: 

(a) 940 amu (b) 9400 amu 

(c) 3600 amu (d) 970 amu 

[Ans. (a)] 

[Hint: 3.4 g sulphur is present in 100 g insulin 


.•. 32 g sulphur will be present in 


100 

3.4 


X 32 g insulin = 940 


.•. Molar mass of insulin is about 940 amu] 
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6 . 25 g of MCI 4 contains 0.5 mol chlorine then its molecular 
mass is: (DPMT 2007) 

(a) lOOg moF^ (b) 200g moF* 

(c) 150g moF ‘ (d) 400g moF ‘ 

[Ans. (b)] 

[Hint: 1 mol of MCI 4 contains 4 mol of chlorine 

%• 0.5 mol chlorine is present in 25 g of MCI 4 
25 

4 mol chlorine will be present in — x4,i.&, 200 g of MCI4.] 

0.5 

EQUIVALENT MASSES OR CHEMICAL 
EQUIVALENTS 


active metals. A known mass of the active metal is reacted with 
dilute mineral acid. Hydrogen gas thus evolved is measured 
under experimental conditions. The volume of hydrogen is then 
reduced to NTP conditions. The mass of liberated hydrogen is 
determined using density of hydrogen (0.00009 at NTP). 


„ . , ^ ' Mass of element 

Equivalent mass =- 

Mass of hydrogen 


X 


1.008 


Mass of element x 1.008 

Volume in mL of hydrogen displaced at •NTP x 0.00009 
Mass of element X11200 
Volume in mLof hydrogen displaced at NTP 


Equivalent mass of a substance (element or compound) is defined 
as the number of parts by mass of the substance which 
combine or displace directly or indirectly 1.008 parts by mass 
of hydrogen or 8 parts by mass of oxygen or 35.5 parts by 
mass of chlorine or 108 parts by mass of silver. 

The equivalent mass is a pure number. When the equivalent 
mass of a substance is expressed in grams, it is called gram 
equivalent mass. For example, equivalent mass of sodium is 23, 
hence, its gram equivalent mass is 23 g. ^ 

The equivalent mass of a substance may have different values 
under different conditions. The -equivalent mass of an element 
may vary with change of valency. For example, copper forms two 
oxides CuO and CU 2 O. In CuO, 63.5 parts of copper combine 
with 16 parts of oxygen. Thus, equivalent mass of copper in this 
63 5 ■ 

oxide is = 31.75.InCu20,2x 63.5 parts of copper combine 

with 16 parts of oxygen; thus, the equivalent mass of copper in 
this oxide is: 

^ = 63.5 
2 

Relation between atomic mass, equivalent mass and 
valency: Suppose an element X combines with hydrogen to 
form a compound, AH„, where n is the valency of the element X. 

n parts by mass of hydrogen combine with atomic mass of 
element X. 

1 part by mass of hydrogen combines with 
Atomic mass of element 


, ..... Atomic mass of element . , 

By above definition,-is the equiva¬ 


lent mass of the element. 


Thus, 


Equivalent mass 


Atomic mass 


or Atomic mass = Equivalent imss x Valency 

Note: Detailed discussion bn equivalent masses of compounds (acids, 
bases, salts, oxidising agents, reducing agents, etc.,) will be 
taken in chapter on volumetric analysis. 

The following methods are used for the determination of 
equivalent mass of elements. 

(i) Hydrogen displacement method: This method is used 
for those elements which can evolve hydrogen firom acids, i.e.. 


(ii) Oxide formation method: A known mass of the 
element is changed into oxide directly or indirectly. The mass of 
oxide is noted. 

Mass of oxygen = (Mass of oxide - Mass of element) 

Thus, the equivalent mass of the element 

Mass of element 

=-X 8 

(Mass of oxide - Mass of element) 

Mass of eleiiKnt „ 

=-X 8 

Mass of oxygen 

(iii) Chloride formation method: A known mass of the 
element is changed into chloride directly or indirectly. The mass 
of the chloride is determined. 

Mass of chlorine = (Mass of chloride - Mass of element) 

Thus, the equivalent mass of the element 

^ Mass of element x 35.5 
(Mass of chloride - Mass of element) 

_ Mass of element x 35.5 
Mass of chlorine 

(iv) Metal to metal displacement method: A more active 
metal can displace less active metal firom its salt’s solution. For 
example, when zinc is added to copper sulphate, copper is 
precipitated. A known mass of active metal is added to the salt’s 
solution of less active metal. The precipitated metal after drying 
is accurately weighed. The masses of the displacing metal and the 
displaced metal bear the same ratio as their equivalent masses. If 
£■, and E 2 are the equivalent masses of two elements and 
ffij and their respective masses, then, 

m2 £2 

Knowing the equivalent mass of one metal, the equivalent 
mass of the other metal can be calculated. 

(v) Double decomposition method: This method is based 
on the following points: 

(a) The mass of the compound reacted and the mass of 
product formed are in the ratio of their equivalent masses. 

(b) The equivalent mass of the compotmd (electrovalent) is 
the sum of equivalent masses of its radicals. 
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(c) The equivalent mass of a radical is equal to the formula 
mass of the radical divided by its charge. 


AB + CD -> AD + CB 

ppt. 

Mass of AB Equivalent mass of AB 
Mass of AD Equivalent mass of AD 


Eq. mass of .d + Eq, mass of B 
Eq. mass of ^ + Eq. mass of D 


Knowing the equivalent masses of B and D, equivalent mass 
of A can be calculated. 


laiMn qr oigiciwE <^estic»is 


7. 


8 . 


An unknown element forms an oxide. What will be the 
equivalent mass of the element if the oxygen content is 20 % 
by mass: (JEE (WB) 2008| 

(a) 16 (b)32 (c )8 (d)64 

[Ans. (b)] 

r.,- . T- • 1 » r I . Mass of element . 

[Hint: Equivalent mass of element =-x 8 

Mass of oiQfgen 

80 

= X 8 = 32] 
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A metal M of equivalent mass E forms an oxide of molecular 
formula The atomic mass of the metal is given by the 
correct equation: [PMT (Kerala) 2008] 

(a) 2 £(y/x) (b)xy£ 

{c)Ely {A)ylE 


[Ans. (a)] 

[Hint: Let atomic mass of metal M is ‘a'. 
Mass of metal = a x x 


Mass of oxygen = 16 x y 
Equivalent mass of element = 


Mass of element 
Mass of oxygen 


x 8 


£: = -^x8 
I6y 


a = 2E 


9. The percentage of an element Mis 53 in its oxide of molecular 
formula M 2 O 3 . Its atomic mass is about: 

[PET (Kerala) 2008] 

(a) 45 (b)9 (c)18 (d)38 

(e) 27 
[Ans. (e)] 


[Hint: Equivalent mass of element; 


Mass of element 
Mass of oxy^n 

= «X8:.9 
47 


x 8 


Atomic mass = Equivalent mass x Valency 
= 9 X 3 = 27 amii.] 

10. The equivalent weight of a metal is double than that of 
oxygen. How many times is the weight of its oxide greater 
than the weight of metal? 


(a) 4 (b)2 (c)3 (d)1.5 

[Ans. (d)] 

X 

[Hint: Equivalent mass of metal =16 = - 

Where x = atomic mass of metal 
n = valency of metal 

Molecular formula of metal oxide = M 20 „ 

Mass of metal oxide _ 2 (16n) + 16(w) _ ^ ^ 
Mass of metal 2(16n) 


1.15 METHODS FOR THE DETERMINATION 
OF ATOMIC MASS 

(i) Dulong and Petit’s Law: According to this law, the 
product of atomic mass and specific heat of a solid element is 
approximately equal to 6.4. The product of atomic mass and 
specific heat is called atomic heat. Thus, 

Atomic mass x Specific heat = 6.4 

64 

or Atomic mass (approxinate)=- 

Specific heat 

In above formula, the specific heat must he in cal/g unit. 

The equivalent mass of the element is determined 
experimentally and the valency, which is always a whole number, 
can be obtained by dividing approximate atomic mass with the 
equivalent mass and changing the value so obtained to the nearest 
whole number. In this way, exact atomic mass can be determined 
by multiplying equivalent mass with valency. 

Example 26. A chloride of an element contains 49.5% 
chlorine. The specific heat of the element is 0.056. Calculate the 
equivalent masSi valency and atomic mass of the element. 
Solution: Mass of chlorine in the metal chloride = 49.5% 


Mass of metal = (100 -49;5) = 50.5 


Equivalent mass of the metal = 


Mass of tTKtal 
Mass of chlorine 


X 35.5 


= .55:^x35.5 = 36.21 

49.5 


According to Dulong and Petit’s law, 

64 

Approximate atomic mass of the metal=-^- 

Specific heat 


6.4 

0.056 


114.3 


Valency = 


Approximate atomic mass _ 114.3 
Equivalent mass 36.21 


Hence, exact atomic mass = 36.21 X 3 = 108.63 

Example 27. On dissolving 2.0 g of metal in sulphuric 
acid, 4.5\g of the metal sulphate svas formed. The specific heat of 
the metal is 0.057 cal g~'. What is the valency of the metal and 
exact atomic mass? 

Solution: Equivalent mass of SO|“ radical 

Ionic mass 96 .„ 

=-=— =48 

Valency 2 
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Mass of metal sulphate = 4.51 g 
Mass of OKtal =2.0g 

Mass of sulphate radical = (4.51 2.0) = 2.51 g 
2.51 g of sulphate combine with 2.0 g of metal. 

So, 48 g of sulphate will combine with 

= X 48 = 38.24 g metal 
2.51 

Equivalent ma^ of metal = 38.24 

According to Dulong and Petit’s law, 

, . 6.4 6.4 

Approximate atomic mass =—-- =-= 112.5 

Specific heat 0.057 

Approximate atomic mass 

Valency =-^- 

Equivalent mass 

112 5 

= ii±i = 2.9-3 
38.24 

Exact atomic mass = 38.24 x 3 = 114.72 

(ii) Cannizzaro’s method: Atomic mass of ah element 
may be defined as the smallest mass of the element present in the 
molecular mass of any one of its compounds. For this purpose, 
the following steps are followed: 

(a) Molecular masses of a number of compounds in which the 
element is present are determined. 

(b) Each compound is analysed. Mass of the element is 
determined in the molecular mass of each compound. 

(c) The lowest mass of the element is taken its atomic mass. 
The following table shows the application of this method: 


Compound 

Vapour 

density 

(V.D.) 

Molecular % of carbon 
mass = by mass in 

2 V.D, compound 

Mass of carbon in 
one molecular mass 
of the compound 

Methane 

8 

16 

75.0 

75.0x16 

-= 12g 

100 

Ethane 

15 

3Q 

80.0 

80.0x30 

-= 24 g 

100 

Carbon 

monoxide 

14 

28 

42.9 

42.9x28 

100 

Carbon 

dioxide 

22 

44 

• 27.3 

100 

Propane 

22 

44 

81.8 

81.8x44 

-= 36g 

100 


Least mass of carbon is 12 g. 

Thus, the atomic mass of carbon is 12. 

(Hi) The law of isomorphism: Isomorphous substances 
form crystals which have same shape and size and can grow in 
the saturated solution of each other. They have a property of 
forming mixed crystals. Isomorphous substances have same 
composition, i.e., they have same number of atoms arranged 
similarly. 


t" 


Examples of isomorphous compounds are: 

(a) K 2 SO 4 and K 2 Cr 04 (potassium sulphate and potassium 
chromate) 

(b) ZnS 04 - 7 H 20 andFeS 04 - 7 H 20 (zinc sulphate and 
ferrous sulphate) 

(c) KCIO4 and KMn 04 (potassium perchlorate and 
potassium permanganate) 

(d) K 2 S 04 Al2(S04)j-24H20and K2S04-Cr2(S04)3-24H20 
• (potash alum and chrome alum). 

The following conclusions have been deduced from the 
phenomenon of isomorphism: - 

(i) Masses of two elements that combine with same mass of 
other elements in their respective compounds are in the ratio of 
their atomic masses. 

Mass of one element (A ) that combines 
with a certain mass of other elements _ Atomic mass of A 
Mass of other element (B) that combines Atomic maan of B 
with the same mass of other elements 


(ii) The valencies of the elements forming isomorphous 
compounds are the same. 

Example 28. Potassium chromate is isomorphous to 
potassium sulphate {K 2 SO 4 ) and is found to contain 26.78% 
chromium. Calculate the atomic mass of chromium {K - 39.10). 

Solution: Since, the formula of potassium sulphate is 
K 2 SO 4 , so the formula of potassium chromate should be 
K 2 Cr 04 as it is isomorphous to K 2 SO 4 . 

If the atomic mass of chromium is A, then 
formula mass of potassium chromate stould be 

= 2x39.1 +^ + 64 = (142.2+^) 

A 

% of chromium =-x 100 

(142.2+^) 


So, 


or 


100 ^ 


: 26.78 


(142.2+A) 

100^4 = 26.78(142.2 + ^) 

.52.00 

73.22 


(iv) Atomic mass from vapour density of a chloride: The 

following steps are involved in this method: 

(a) Vapour density of the chloride of the element is 
determined. 

■ (b) Equivalent mass of the element is determined. 

Let the valency of the element bex The formula of its chloride 
willbeMCl^. 

Molecular m;^ = Atomic mass of Af + 35.5x 
= A + 35.5x 

Atomic mass = Equivalent mass x Valency 
A-Exx 

Molecular mass =E xx + 35.5x 
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2V.D, = ;c(£^+,35.5) 
2V.D. 
^^£ + 35.5 


Knowing the value of valency, the atomic mass can be 
determined. 

Example 29. One gram of a chloride was found to contain 
0i835 g of chlorine. Its vapour density is 85. Calculate its 
molecular formula. 

Solution: Mass of metal chloritte = Ig 


Mass of chlorine = 0.835 g 

Mass of metal = (1 - 0.835) = 0.165 g 

. , f .1 0.165x 35.5 

Equivalent mass of metal=- 

0.835 

= 7.01 
2 V D 

Valency of the metal =-^^ 

£ + 35.5 

2x 85 

" 7.01 + 35.5 
= 4 

Formula of the chloride =MC\^ 

Example 30. The oxide of an element contains 32.33 per 
cent of the element and the vapour density of its chloride is 79. 
Calculate the atomic mass of the element 

Solution: Mass of the element = 32.33 parts 

Mass of oxygen = (lOO - 32.33) == 67.67 parts 

32 33 

Equivalent mass of the element = —^— x 8 = 3.82 

67.67 

Valency of the element = — = 4 

£ + 35.5 3.82+ 35.5 

Hence, the atomic mass of the element = 3.82 x 4 

= 15.28 


t.16> TYPES OF FORMULAE 

As already stated in section 1.10, a formula is a group of symbols 
of the elements which represents one molecule of the substance. 
Formula represents chemical composition of the substance. 
There are three kinds of formulae in the case of compounds. 

(i) Empirical formula: It represents the simplest relative 
whole number ratio of atoms of each element present in the 
molecule of the substance. For example, CH is the empirical 
formula of beiKene in which ratio of the atoms of carbon and 
hydrogen is 1 : 1. It also indicates that the ratio of carbon and 
hydrogen is 12 : 1 by mass. 

(ii) Molecular formula: Molecular formula of a compound 
is one which expresses as the actual number of atoms of each 
element present in one molecule. is the molecular formula 
of benzene indicating that six carbon atoms and six hydrogen 
atoms are present in a molecule of benzene. Thus, 


, Molecular formula mass 

where, n = -^- 

Enyirical formula mass 

Molecular formula gives the following informations: 

(i) Various elements present in the molecule. 

(ii) Number of atoms of various elements in the molecule. 

(iii) Mass ratio of the elements present in the molecule. 
The mass ratio of carbon and oxygen in COj molecule is 
12: 32 or 3: 8 . 

(iv) Molecular mass of the substance. 

(v) The number written before the formula indicates the 
number of molecules, e.g., 2 CO 2 means 2 molecules of 
carbon dioxide. 

(iii) Structural formula: It represents the way in which 
atoms of various elements present in the molecule are linked with 
one another. For example, ammonia is represented as: 

H 

N—H 
H 

The formula indicates that three hydrogen atoms are linked to 
one nitrogen atom by three single covalent bonds. ■ 

1.17 PERCENTAGE COMPOSITION OF A 
COMPOUND 

Percentage composition of a compound is the relative mass of the 
each of the constituent element in 100 parts of it. It is readily 
calculated from the formula of the compound. Molecular mass of 
a compound is obtained from its formula by adding up the masses 
of all the atoms of the constituent elements present in the 
molecule. 

Let the molecular mass of a compound be JWand X be the 
mass of an element in the molecule. 

T, ■ ~ , Mass of element , 

Percentage of element =-x 100 

M 

= —xlOO 
M 

Example 31. Calculate the percentage composition of 
calcium nitrate. 

Solution; The formula of calcium nitrate is Ca(NOj ) 2 . 
Thus, the formula mass or molecular mass 
= At, mass of Ca + 2 x At. mass of N + 6 x At. mass of oxygen 
= 40 + 2x14 + 6x16 
= 164 

%ofCa = -^xl00=24 
164 

%ofN = ^xl00=17 
164 


Molecular fommila = n x Enpirical formula 


%ofO=iqO-(24 + 17)=59 
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Example 32. Determine the percentage of water of 
crystallisation, iron, sulphur and oxygen in pure ferrous sulphate 
(FeSO^-W-^0). 

Solution: The formula mass of ferrous sulphate 

= At. mass of Fe + At. mass of S + 4 x At. mass of oxygen 

+ 7 X Mol. mass of H 2 O 

= 56.0+ 32.0+ 4x 16.0+ 7x 18.0 


= 278.0 


So. 


% of water of crystallisation 


%of iron =— X 100 = 20.14 
278 

%of sulphur X 100 = 11.51 

278 

64 

%of oxygen =-x 100 = 23.02 

278 


(Oxygen present in water molecules is not taken into account.) 

Example 33. It is found that \6.5 g of metal combine with 
oxygen to form 35.60 g of metal oxide. Calculate the percentage 
of metal and oxygen in the compound. 

Solution: 

Mass of oxygen in oxide = (35.60 - 16.50) = 19.10 g 


%of metal = x 100= 46.3 
35.60 

%ofoxygen = x 100= 53.7 
35.60 

Exainple 34. Hydrogen and op^gkn are combined in the 
ratio 1 : 16 by mass in hydrogen peroxide. Calculate the 
percentag^^hydrogen and oxygen in hydrogen peroxide. 

Solution: 17 pa.» 1 s of hydrogen peroxide contain hydrogen 
= Ipart 

100 parts of hydrogen peroxide contain hydrogen 

= — x 100 = 5.88 
17 


%of oxygen =(100- 5.88) = 94.12 

Example 35. On analysis of an impure sample of sodium 
chloride, the percentage ofchlorine was found to 6 e 45.5. What is 
the percentage of pure sodium chloride in the given sample? 
Solution: The molecular mass of pure sodium chloride (NaCl) 


= At. mass of Na + At. mass of chlorine 
= (23+ 35.5)= 58.5 


% of chlorine in pure NaCl 
_ 35.5 
58.4 


X 100 = 60.6 


Thus, 

% of purity of NaCl in the sample 


45.5 

60.6 


X 100= 75 





11 . A gas mixture contains 50% helium and 50% methane by 

volume. What is the percentage by mass of methane in the 
mixture? (CEE (Kerala) 2004| 

(a) 19.97% 0)20.05% (c)50% (d)75% 

(e) 80.03% 

[Ans. (e)] 

[Hint: Molar and volume ratio will be same, /. a, 1: L 

.-. Mass of 1 mole CH 4 and He will be 16 and 4 g respectively. 

T. X L V Mass of CH4 . 

Percentage by mass of CH 4 =- - x 100 

Total mass 

= —xl .00 = 80%] 

20 

12. The atomic composition of the entire universe is 
approximately given in the table below: 


Atom 

% of total no: of atoms 

H 

93 

He 

7 


Hydrogen atoms constitute what percentage of the universe 
by mass? 

(a) 77% (b) 23% (c) 37% (d) 73% 

[Ans. (a)] 

[Hint: Mass of 93 ‘H’ atoms = 93 amu 


Mass of 7 ‘He’ atoms = 28 amu 
93 

% Hydrogen by mass =-x 100 = 77%] 

(93 + 28) 

13. Which pair of species has same percentage of carbon? 

(a) CH 3 COOH and CgHijO^ 

(b) CH 3 COOH and CjHjOH 

(c) HCOOCH, and CjjHjjO,, 

(d) CeH,206andC,2H220„ 

[Ans. (a)l 

24 

[Hint: Percentage of carbon in acetic acid = — x 100 = 40% 

60 

72 

Percentage of carbon in C^| 20 ^ =-x 100 = 40%] 

ISO 

14. Which of the following alkanes has 75% of carbon? 

(alC^Hfi {b)CH 4 (clCjHs (d)C 4 H,o 

[Ans. (b)] 

12 

[Hint: Percentage of carbon in methane = — x 100 = 75%] 

15. Which of the following two oxides of nitrogen have 30.5% 
nitrogen? 

(a) NO {b)N 02 (c)N 204 (d)N 205 

[Ans. (b) and (c)] 


[Hint: Percentage of nitrogen in NO, = — x 100 = 30.5% 

46 

28 

Percentage of nitrogen in N 2 O 4 = — x 100 = 30.5%] 
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Wm DETERMINATION OF EMPIRICAL AND 
MOLECULAR FORMULAE 

The following steps are followed to determine the empirical 
formula of the compound : 

(i) The percentage composition of the compound is 
determined by quantitative analysis. 

(ii) The percentage of each element is divided by its atomic 
mass. It gives atomic ratio of the elements present in the 
compound. 

(iii) The atomic ratio of each element is the divided by the 
minimum value of atomic ratio as to get the simplest ratio 
of the atoms of elements present in the compound. 

(iv) If the simplest ratio is fractional, then values of simplest 
ratio of each element is multiplied by a smallest integer to 
get a simplest whole number for each of the element. 

(y) To -get the empirical formula, symbols of various 
elements present are written side by side with their 
respective whole munber ratio as a subscript to the lower 
right hand comer of the symbol. 

The molecular formula of a substance may be determined 
from the empirical formula if the molecular mass of the substance 
is known. The molecular formula is always a simple multiple of 
empirical formula and the value of simple multiple is obtained by 

dividing molecular mass with empirical formula mass. 

• 

Example 36. Calculate the empirical formula for a 
compound that contains 26.6% potassium, 35.4% chromium and 
38.1% oxygen.- 


[Given K = 39.1; Cr= 52; O = 16] 

Solution: 


Element 

Per- Atomic 
centage mass 

Relative 
number of 
atoms 

Simplest 

^ whole number 

ratio ^ 

ratio 

Potassium 

26.6 39.1 

^ = 068 
39.1 

0.68 _ j 

0.68 

1x2 = 2 

Chromium 

35.4 52.0 

35 4 

= 0.68 

52 

0.68 _ j 

0.68“ 

1x2 = 2 

Oxygen 

38.1 16.0 

1M = 2.38 
16 

^=3.5 

0.68 

3.5x2= 7 

Therefore, empirical formula is K 2 

ChOj- 


Example 37. A compound contains 34.8% oxygen, 52.2% 
carbon and 13.0% hydrogen. What is the empiricalformula mass 
of the compound? 

Solution: 

Element 

Percentage 

Atomic Relative number 
mass of atoms 

Simplest 

ratio 

Oxygen 

34.8 

16 ^=2.175 

16 

2.175 _ j 
2.175 

Carbon 

52.2 

12 

^=4.35 

12 

4.35^2 

2.175 

Hydrogen 

13.0 

1 

— = 13.0 

1 

13.0 ^ 

- = 0 

2.175 


The empirical formula is C 2 H 5 O. 

Empirical formula mass = (2 x 12) + (6 x 1) -t-16 = 46 

Example 38. A compound of carbon, hydrogen and 
nitrogen contains these elements in the ratio 9 : 1 : 3.5. Calculate 
the empirical formula. If its molecular mass is 108, what is the 
molecular formula? 


Solution: 


Element 

Element 

ratio 

Atomic 

mass 

Relative number 
of atoms 

Simplest 

ratio 

Carbon 

9 

12 

9 

Z- = 0.75 

12 

0.75., 

0.25 

Hydrogen 

1 

1 

1 = 1 

1 

_L = 4 
0.25 

Nitrogen 

3.5 

14 

— = a25 

14 

0.25 _ j 
0.25 “ 


The empirical formula = C 3 H 4 N 
Enpirical formula mass = (3 x 12) -t- (4 x 1) + 14 = 54 
^ _ Mol. mass _ 108 _ 2 
En^. mass 54 

Thus, molecular formula of the compound 

= 2 X Eiqjirical formula 
= 2xC3H4N=QHgN2 

Example 39. A carbon compound containing only carbon 
and oxygen has an approximate molecular mass of 290. On 
analysis, it is found to contain 50% by mass of each element. 
What is the molecular formula of the compound? 

Solution: 


Element 

percentage 

Atomic 

mass 

Relative number 
of atoms 

Simplest 

ratio 

Simplest 
whole number 
ratio 

Carbon 50.0 

12 

4.166 

^■^« = 1.33 
3.125 

4 

Oxygen 50.0 

16 

3.125 

3.125 _ j 
3.125 

3 


The empirical formula = C 4 O 3 
Enpirical formula mass = (4 x 12) + (3 x 16) = 96 
Molecular mass = 290 

Mol. mass 290 . . ^ , 

n =-- =-== 3 approximately 

Enp.mass 96 

Molecular formula = nx En^iirical formula 
= 3 X C 4 O 3 = C ]209 

Example 40. A compound on analysis, was found to 
have the following composition: (i) Sodium = 

(j'O Sulphur =9.97%, (i«) Oxygen-69.50%, (iv) Hydrogen 
= 6.22%. Calculate the molecular formula of the compound 
assuming that whole of hydrogen in the compound is present as 
water of crystallisation. Molecular mass of the compound is 322. 
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Solution: 


Element 

Percentage 

Atomic 

mass 

Relative number 
of atoms 

Simplest ratio 

Sodium 

14.31 

23 

0.622 

0.622 

0.311 ^ 

Sulphur 

9.97 

32 

0.311 

0.311 _j 

0 . 311 “ 

Hydrogen 

6.22 

1 

6,22 

=20 

0.311 

Oxygen 

69.50 

16 

4.34 

4 34 

=14 

0.311 


The empirical formula = Na 2 SH 2 oOi 4 
Empirical formula mass = (2 x 23) + 32 + (20 x 1) + (14 x 16) 


= 322 

Molecular mass = 322 
Molecular formula =Na 2 SH 2 oOj 4 
Whole of the hydrogen is present in the form of water. Thus, 
10 water molecules are present in the molecule. 

So, molecular formula = Na 2 SO 4 T 0 H 2 O 

16. An organic" compound contains 49.30% carbon, 6.84% 
hydrogen and its vapour density is 73. Molecular formula of 
the compound is: [CET (Kerala) 2004] 

(a)C3Hg02 (b)C 3 H,o 02 (c)C 6 H ,0 (d)C4H,o02 

(e)QH,o 04 
[Ans. (e)] 

[Hint: Molecular mass = 2 x 73 = 146 

_ % Molecular mass 49.30 146 > 

C = — X -=- X - = 6 

100 Atomic mass 100 12 

„ % Molecular mass 6.84 146 

100 Atomic mass 100 1 

^ % Molecular mass 43.86 146 . 

100 Atomic mass 100 16 


Molecular formula = QH,q 04 

Molecular mass= 12x6+10x1+16x4 = 146 


‘Or’ 


Element 

Percentage 

Atomic 

mass 

Relative 
number of 
, atoms 

Simplest 

ratio 

CaAon 

49.30 

12 

4.10 

1.5x2 = 3 

Hydrogen 

6.84 

1 

6.84 

2.5 X 2 = 5 

Oxygen 

43.86 

16 

2.74 

1 x2 = 2 


The empirical formula = C 3 H 5 O 2 


Molecular formula = 2 x C 3 H 5 O 2 = QH 1 QO 4 ] 


17. A compound has an empirical formula C 2 H 4 O. An 

independent analysis gave a value of 132.16 for its molecular 
mass. What is the correct molecular formula? 

[CET (Kerala) 2004] 

(a)C 4 H 405 (b)qoH,2 

(c)C203 (d)C6H,203 

(e)C 4 Hg 05 

[Ans. (d)] 

[Hint: Molecular formula = (C 2 H 40 )„ 

Molecular mass 132.16 , 

n =-=-= 3 

Empirical foirmla mass 44 

Molecular formula = (C 2 H 40)3 = €^, 203 ] 

18. An organic compound containing C and H has 92.30% 

carbon. Its empirical formula is; 

(a)CH (b)CH 3 

(c)CH 2 (d)CH4 

[Ans. (a)] 

12 

[Hint: Percentage of carbon = — x 100 = 92.30% 


‘Or’ 


Element 

Percentage 

Atomic 

mass 

Relative 
number of 
atoms 

Simplest 

ratio 

Carbon . 

92.30 

12 

7.69 

1 

Hydrogen 

7.70 

1 

7.70 

1 


Empirical formula = CH] 

19. Two oxides of a metal contain 50% and 40% of metal M 
respectively. If the formula of first oxide is AfO, the formula 
of 2 nd oxide will be: 

(a)M02 (b)M 203 

(c)M 20 (d)M 205 

[Ans. (b)] 

Einli_, _ 


Compound 1 

Compound 2 

M 

0 

M 

0 

50% 

50% 

40% 

60% 

50 g 

50 g 

40 g 

60 g 

Ig 

50 , 

— = lg 
50 

1 g 

60 , - 
— = 1.5g 
40 


__ 

_2g_ 

_ 


Formula; MO A/ 2 O 3 ] 


20. Two elements X and T have atomic mass 75 and 16 
respectively. They combine to give a compound having 
75.8% X. The formula of the compound is; 

(a) XT mX^Y 

(c)x,r2 (d)X2F3 

[Ans. (d)] 

[Hint: Molecular mass ofXJTi = 2 x 75 + 3 x 16 = 198 
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Percentage ofX = — x 100 = 75.80% 


Element 

Percentaige 

Atomic 

mass 

Relative 
number of 
atoms 

Simplest 

ratio 

X 

75.80 

75 

1.01 

1x2 = 2 

Y 

24.20 

16 

1.51 

1.5x2 = 3 


Formula = 2^] 

21. The crystalline salt Na2S04-j:H20 on heating loses 55.9% of 
its mass. The formula of crystalline salt is: 

(a) Na2S04-5H20 (b) Na2S04-7H20 

(c)Na2S04-2H20 (d) Na2SO4-10H2O 

(e)Na2S04 -6H20 [PMT (Kerala) 2007] 

^[Ans. (d)] 

[Hint: Molecular mass of Na2SO4T0H2O 

= 46+ 96+ 180 = 322 amu 

ion. 

% by mass of H2O ^ ^ ^ = 55.9Vo] 

1^191 CHEMICAL EQUATION 


Information Obtained from Chemicai Equation 

A balanced chemical equation provides the following 
informations: 

(i) What are the reactants and products involved in the 
chemical change? 

(ii) The relative number of molecules of reactants and 
products. 

(iii) The relative number by parts of mass of reactants and 
products. 

(iv) Relative volumes of gaseous reactants and products. 

For example, consider the following reaction: 

. CH4(g) + 202 (g) = C02(g)+2H2 0(g) 

This equation tells us that methane and oxygen are reactants 
and carbon dioxide and water are products. One molecule of 
methane reacts with two molecules of oxygen to produce one 
molecule of CC)^ and two molecules of water or one mole of 
methane reacts with two moles of oxygen to produce one mole of 
carbon dioxide and two moles of water or 16 g of methane reacts 
with 64 g of oxygen to produce 44 g of CO 2 and 36 g of water. 
This equation also tells that 1 vol. of methane reacts with 2 vol. of 
oxygen to produce 1 vol. of CO 2 and 2 vol. of steam under 
similar conditions of temperature and pressure. 


A chemical equation is a symbolic representation of a chemical 
change. 

The substances, in which the chemical change is brought, are 
called reactants and the substances which come into existence as 
the result of chemical change are called products. The 
relationship between reactants and products is represented in the 
form of a chemical equation. The symbols or formulae of the 
reactants are written on left hand side of equality (=) or -+ sign 
and the symbols or formulae of products on right hand side. The 
symbols or formulae on both the sides are added by + sign. Such 
an equation is known as skeleton equation. The equation 
becomes balanced when total number of atoms of various 
elements are made equal on both the sides. Gases are always 
written in molecular form. 

KCIO3->KC1 + 02 

This is the skeleton equation as it only represents reactant and 
products involved in the chemical change but the following 
equation is a balanced equation as the number of atoms of various 
elements is equal on both sides. 

2KCIO3 = 2KCI + 3O2 

Reactant ' _ ^ ^ ^ 

Products 

The following notations are also used in chemical equations as 
to provide more information about chemical change: 

(i) Upper arrow (T) is written immediately after the 
gaseous product. 

(ii) Lower arrow (i) is written immediately after the 
insoluble substance (solid) which deposits from a solution. 

(iii) Symbols, (5) for solid, (/) for liquid and (g) for gas are 
also written to represent the physical state of the reactants 
and products. 

(iv) Symbol {aq.) is written for substances dissolved in water. 

(v) Symbol (A) is written over an arrow or over an equality 
sign to represent heating. 


Limitations of Chemical Equation 

A chemical equation fails to provide the following 
informations: 

(i) Actual concentration of the reactants taken and the actual 
concentration of the products obtained. 

(ii) Time taken for the completion of the chemical change. 

(iii) , Conditions applied for bringing the chemical change. 

(iv) Whether the reaction is reversible or irreversible. 

The following efforts have been made to make the chemical 
equations more informative by introducing: 

(i) Experimental conditions: If a particular chemical 
change occurs under certain temperature and pressure conditions, 
these are mentioned above and below the (—>)or (=)sign. 


N 2 + 3 H 2 


200 atm 


450*^ 


-+2NH, 


If the i^eaction occurs in presence of a catalyst, it is written 
above the (—>) or (= ) sign. 


2 SO 2 + O 2 2 SO 3 

(ii) Heat evolved or absorbed: Heat evolved or absorbed in 
a chemical change can be represented by adding or subtracting 
the amount of heat on right hand side. 

N 2 + O 2 - > 2NO- 43.2kcals 

C + O 2 -> CO 2 + 94.3 kcals 

(iii) Reversible or irreversible nature: Reversible 
reactions are shown by changing the sign of equality ( = ) or 
arrow (—>)with sign of double arrow ( v '^) . 


N2(g)+3H2(g)^ 2NH3(g) 


Types of Chemical Equations 

Chemical equations are of two types: 

(i) Molecular equations 

(ii) Ionic equations. 
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Molecular equations are those in which reactants and products 
are represented in the form of molecules. 

BaClj + Na 2 S 04 = BaS 04 i + 2NaCl 
2NaOH+ H 2 SO 4 = Na 2 S 04 i + 2 H 2 O 

Ionic equations are those in which reactants and products are 
written in ionic form. The molecular equation 

BaClj + Na 2 S 04 = BaS 04 i + 2NaCl 
can be written in ionic form as: 

Ba^'" + 2Cr + 2Na'" + SOf = BaS 04 i + 2Na^ + 2Cr 

Ba^^ + = BaS 04 1 

Note: Calculations based on chemical equations have been dealt in the 
chapter ‘Stoichiometry’ in ‘Inorganic Chemistry’. 

MEASUREMENT IN CHEMISTRY: 
FUNDAMENTAL AND DERIVED UNITS 

Chemistry is an experimental science. An experiment always 
involves observation-of a* phenomenon under certain set of 
conditions. The quantitative scientific observation generally 
requires the measurement of one or more physical quantities stich 
as mass, length, density, volume, pressure, temperature, etc. 

A physical quantity is expressed in terms of a number and a 
unit. Without mentioning the unit, the number has no meaning. For 
example, the distance between two points is “four” has no meaning 
unless a specific unit (inch, centimetre, metre, etc.,) is associated 
with the number. The units of physical quantities depend on three 
basic units, i.e., imits of mass, length and time. Since, these are 
independent units and cannot be derived fi'om any other units, they 
are called fundamental units. It was soon realised that the three 
fimdamental units cannot describe all the physical quantities such 
as temperature, intensity of luminosity, electric current and the 
amount of the ’substance. Thus, seven units of measurement, 
namely mass, length, time, temperature, electric current, l umin ous 
intensity and amount of substance are taken as basic units. All 
other units can be derived fi'om them and are, therefore, called 
derived units. The units of area, volume, force, work, density, 
velocity, energy, etc., are all derived units. 

SI Units of Measurement 

Various systems of units were in use prior to I960. The 
common ones are the following: 

(i) The English or EPS system: The system uses the foot, 
the pound and the second for length, mass and time 
measurements r^pectively. It is not used now-a-days. 

(ii) MKS system: Here M stands for metre (a unit of 
length), K for kilogram (a unit of mass) and S for second (a unit 
of time). This is a decimal system. 

(iii) CGS system: Here the unit of length is centimetre, the 
unit of mass is gram and the unit of time is second. It is also a 
decimal system. 

MKS system often known as metric system was very popular 
throughout the world, but the drawback with this system was that 
a number of different metric imits for the same quantity were 
used in different parts of the world. In 1964, the National Bureau 
of Standards adopted a slightly modified version of the metric 
system, which had been officially recommended in 1960 by an 
international body. General Conference of Weights and 


Measures. This revised set of units is known as the 
International System of Units (abbreviated SI). Now the SI 
units have been accepted by the scientists all over the world in all 
branches of science, engineering and technology. 


The SI system have seven basic units. The various 
fundamental quantities that are expressed by these units along 
with their symbols are tabulated below: 

Basic physical quantity 

Unit 

Symbol 

Length 

Metre 

m 

Mass 

Kilogram 

kg 

Time 

Second 

s 

Temperature 

Kelvin 

K 

Electric current 

Ampere 

amp or A 

Luminous intensity 

Candela 

cd 

Amount of substance 

Mole 

mol 


Sometimes, submultiples and multiples are used to reduce or 
enlarge the size of the different units. The names and symbols of 
sub-multiples and multiples are listed in the table given below. 

The name for the base unit for mass, the kilogram, already 
contains a prefix. The names of other units of mass are obtained 
by substituting other prefixes for prefix kilo. The names of no 
other base units contain prefixes. 

The use of SI system is slowly growing, however, older 
systems are still in use. Furthermore, the existence of oldCT units 
in scientific literature demands that one must be familiar with 
both old and new systems. 


Submultiples 

Multiples 

Prefix 

Symbol 

Sub-multiple 

Prefix 

Symbol 

Multiple 

deci 

d 

10'' 

deca 

da 

10 

centi 

c 

10"^ 

hecto 

h 

10 ’ 

milli 

m 

10"’ 

kilo 

k 

10 ’ 

micro 

h 

10"^ 

mega 

M 

l(f 

nano 

n 

10”’ 

giga 

G 

10’ 

pico 

p 

10"” 

tera 

T 

. 10‘’ 

femto 

f 

10-15 

peta 

P 

10 '’ 

atto 

a 

10"'* 


E 

10” 

zepto 

z 

10"’' 

zeta ■ 

Z 

10 ” 

yocto 

_ 1 _ 

10"’^ 

yotta 

Y 

10’^ 


Greek Alphabets 


Alpha 

A 

a 

Nu 

N 

V 

Beta 

B 

P 

Xi 

S 


Gamma 

r 

Y 

Omicron 

0 

0 

Delta 

A 

8 

Pi 

n 

n 

Epsilon 

E 

8 

Rho 

p 

9 

Zeta 

Z 

c 

Sigma 

£ 

G 

Eta 

H 

n 

Tau 

X 

X 
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Theta 

0 

e 

Upsilon. 

T 

u 

lota 

I 

1 

Phi 

<t> 

<t> 

Kappa 

K 

K 

Chi 

X 

% 

Lambda 

A 

k 

Psi 

Y 

V 

Me 

M 

P 

Omega 

O 

(0 


Numerical Prefix 


Prefix 

vilne 

Prefix 

Value 

Hemi 

(1/2) 

Deca 

10 

Mono 

1 

Undeca 

11 

Sesqui 


Dodeca 

12 

Di or Bi 

2 

Trideca 

13 

Tri 

3 

Tetradeca 

14 

Tetra 

4 

Pentadeca 

15 

' Penta 

5 

Hexadeca 

16 

Hexa 

6 

Heptadeca 

17 

Hepta 

7 

Octadeca 

18 

Octa 

8 

Nonadeca 

19 

Nona 

9 

Eicosa 

20 


SI Units for Some Common Derived Quantities 

(a) Area = length x breadth 

= m X m = [square metre] 

,(b) Volume = length x breadth x height 

= mxmxm=m^ [cubicmetre] 

/ \ mass kg , „3 

(c) Density =-=—^ = kgm- 

volume 

, distance covered metre 

(d) Speed =-=-=ms 

time time 

,, . , . change in velocity ms"* _2 

(e) Acceleration =- - -=-= m s. 

time taken s 

(f) Force = mass x acceleration 

=kg X ms"^ 

= kg m s (Newton, abbreviated as N) 


Pressure=force per unit area 
_kg ms"^ 


kg m"* s ^ or Nm~^ 


m 


(Pascal—^Pa) 


(h) Energy = force x distance travelled 

= kgms“^ xm 

= kgm^s"^ (joule—J) 

Some Old Units Stiil in Use 


The use of some of the old units is still permitted. The ‘litre’, 
for example, which is defined as 1 cubic decimetre is used 


frequently by chemists. Certain other units which are not a part of 
SI units are still retained for a limited period of time. The term 
atmosphere (atm), the unit of pressure, falls into this category. 
Few of the old units along with conversion factors are given 
below: 

Length; The interatomic distances are reported in units of 
angstrom (A), nanometre (nm) or picometre (pm). 

1 A = 10"® cm= 10"'“ m 
tnm = 10"’ cm = 10"® m=10A 
1pm = 10"'“ cm = 10"'^ m = 10"^ A 
lnm = 10® pm 

Mass: The basic unit of mass is generally taken as pam (g). 
The pam is 10"® kg. 

1 kilogram (kg) = 10® g 
1 milligram (n^) = 10"® g 
1 micropam (pg) = 10"“ g 

While dealing with atoms and molecules, the term atomic 
mass unit (amu) is used. One amu is taken exactly as A of the 

mass of an atom of the carbon isotope, C*®. 

lamu =1.6605X 10'^®'' g = 1.6605x 10"®® kg 

Volume; The units of volume are reported as cubic 
centimetre (cm®) and cubic decimetre (dm®). Cubic decimetre is 
termed litre while cubic centimetre is termed millilitre. 

1 litre (lit or L) = (10cm)® =1000cm® =10"® m® 

1 millilitre (mL) = (1 cm)® = 1 cm® (cc) = 10"“ m® 

So, 1 litre = 1000 mL 

Temperature: The Celsius temperature scale which is not 
a part of SI system, is employed in scientific studies. This scale is 
based on the assignment of 0°C to the normal freezing point of 
water and 100°C to the normal boiling point of water. The Celsius 
scale was formerly called the centigrade scale. i 

The unit of temperature in SI system is Kelvin. A depee on 
the kelvin scale has the same magnitude as the depee on the 
Celsius scale but zero on the kelvin scale is equal to -273.15^C. 
The temperature (0 K) is often referred to as absolute zero. 

So, K=(°C+273.15) 

or ‘^C = (K-273.15) 

There is another important temperature scale known as 
fahrenheit scale. In this scale, the normal freezing point of water 
is 32°F and normal boiling point is 212T. Thus, 10(FC equals 
180PF. Both the scales are related by the following equations; 

°C=-^ X (°F- 32) [since, 100 parts on Celsius scale 

= 180 parts on fahrenheit scale] 

°F=-x(°C)+32 

5 
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Pressure: There are three non-SI units for pressure which 
are commonly used. 

(a) Atmosphere (atm) is defined as the pressure exerted by a 
column of mercury of 760 mm or 76 cm height at 0°C. 

(b) Tout is defined as the pressure exerted by a 1 mm column 
of mercury at 0°C. 

(c) Millimetre of mercury (mm Hg). 

These three units are related as; 

latm = 760torr = 760mmHg =76cmHg =1.013x 10^ Pa 

Energy: Calorie has been used in the past as a unit of energy 
measurement. The calorie was defined as the amount of heat 
required to raise the temperature of one gram of water from 
14.5°C to 15.5 °C. One calorie is defined as exactly equal to 4.184 
joules. 

lcal = 4.184J or lJ = 0.2390cal 
lkcal=1000cal = 4.184 kJ 
Conversion factors 

1 angstrom (A) = 10“* cm=10'''° m = 10“' nm = 10^ pm 
1 inch = 2.54 cm or 1 cm=0.394 inch 
39.37 inch = 1 metre lkm=0.621 mile 

1 kg = 2.20 pounds (lb) 1 g = 0.0353ounce (o) 

1 pound (lb) = 453.6g 
1 atomic mass unit (amu) = 1.6605 x 10” g 
= 1.6605x10“^’kg 
= 1.492x10“* erg =1.492x 10“*° J 
= 3.564x10" cal = 9.310x10* eV 
= 931.48 MeV 

1 atnmqjhere (atm) = 760 torr = 760 mm Hg = 76 cm Hg 
= 1.01325x10* Pa 

Icalorie (cal)=4.1840x 10^ erg =4.184 J 
= 2.613 X 10*® eV 
1 coulomb (coul)=2.9979 X10® esu 

' 1 curie (Ci) = 3.7x10*° disintegrations sec“* 
lelectron volt (eV) = 1.6021x 10“'^erg = 1.6021x 10“*® J 

= 3.827x10“^° cal 
= 23.06 kcalmoF* 

lerg =10“^J = 2.389x 10“*cal = 6.242 x 10"eV 
1 electrostatic unit (esu) = 3.33564 x 10“*° coul 
1 faraday (F) = 9.6487 x lO'* coul 
1 dyne (dyie) = 10“* N 

ljoule = 10^ erg =0.2390 cal 
1 litre = lOOOcc = 1000 mL = 1dm* 

= 10“* m* 


Values of Some Useful Constants 


Fundamental 

constant 

Value in old units 

Value in SI units 

'Avogadro’s 

6.023 X 10^* mor* 

6.023 X 10’* moF* 

number (JV) 



Atomic mass 

1.6605 X lO’^'* g 

1.6605 X 10“” g 

unit (amu) 


Bohr radius (d^,) 

0.52918 A = 0.52918 

X 10“® cm 

5.2918 X 10“** m 

Boltzmann 
constant (k) 

1.3807 X 10“*®erg deg“‘ 

1.3807x10”’* JK“‘ 

Charge on electron (-) 4.8029 x 10 *® esu 

(-) 1.6021 X 10“*® coul 

ie) 



Charge to mass 
ratio e! m of 
electron 

1.7588 X 10® coul g"‘ 

1.7588 X 10**coul kg“* 

Electron rest 

9.1091 X 10“*** g 

9.1091 X 10“** kg 

mass (»i„) 



Gas constant 

0.0821 lit atm deg“'mor' 


(/?) 

8.314 X 1 o’erg deg“*mor* 

.8.314 JK“* moF* 


1.987 = 2.0 cal deg“ 'itwr * 


Molar volume 

22.4 L mor* 

22.4 X 10‘* m* tnoF* 

atNTP(F„) 



Planck’s constant 

6.6252 X 10“^’ erg sec 

6.6252 xT0“*“ J sec 

(A) 


Proton mass (m^) 

1.6726 X lO’**'* g 

1.6726x10“” kg 

Neutron mass 

K) 

1.67495 X 10“’“ g 

1.67495 X 10“” kg 

Rydberg constant 

(4) 

109678 cm“* 

1.09678 X id’ m“‘ 

Velocity of light 

2.9979 X 10‘° cm sec"* 

2.9979 X 10* m sec”* 

(c) in vacuum 

or 186281 miles sec“* 


Faraday (F) 

9.6487 xl0“C/equiv. 
or 96500 C/equiv. 

9.6487xl0“C/equiv. 

1 

« 

1 

0.8988x10*° Nm’C“’ 

4tieo 

or 9 X 10® N m’C”’ 

Derived SI Units 


Quantity with Symbol Unit (SI) 

Symbol 


Velocity (n) 

metre per sec 

ms”‘ 

Area (^) 

square metre 

■7 

m“ 

Volume (F) 

cubic metre 


Density (p) 

kilogram m”* 

kgm”* 

Acceleration (a) 

metre per sec’ 

m s”’ 

Energy (E ) 

joule (J) 

kgm’s' 

Force (F) 

• newton (N) 

kg m s"‘ 
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Power (W) 

watt(W) 

J s kg m^ s ^ 

Pressure (F) 

pascal (Pa) 

Nm”’^ 

Resistance (F) 

oiim{£l) 

VA”’ 

Conduction (C) 

ohm”’, mho, siemens 

m”^ kg”' s^ or £2”' 

Potential difference 

volt (V) 

kg m^ s”^ A”' 

Electrical charge 

coulomb (C) 

A-s (ampere-second) 

Frequency (v) 

hertz (Hz) 

cycle per sec 

Magnetic 

tesla (T) 

kgs”^A”'=NA”' m”' 


flux X density 


Popular Units and their SI Equivalents 


Physical quantity 

Unit with symbol 

Equivalent in SI unit 

Mass 

1 amu 

1 amu = 1.6605 x 10”^^ kg 

Energy 

1 electron volt (eV) 1.602 x 10“'® joule 

Length 

1 A 

10”'“ m (10”‘ nm) 

Volume 

litre 

10 * m* = dm* 

Force 

dyne 

10”* N 

Pressure 

1 atmosphere 

760 torr (760 mm Hg) 
101325 pa or 10* pa 


1 bar 

101325 pa or 10* pa 


1 ton- 

133.322 Nm”^ 

Dipole moment 

debye, 10”'* esu-cm 

1 3.324 X 10'*“ cm 

Magnetic flux density gauss (G) 

10"^ T 

Area of nuclear 

1 bam 

10-^* m^ 

cross section 

• 


Nuclear Diameter 

1 fermi (1 femto) 

o 

3 


Significant Figures 

There is always some degree of uncertainty in every scientific 
measurement except in counting. The uncertainty in 
measurement mainly depends upon two factors; 

(i) Skill and accuracy of the observer, 

(ii) Limitation of the measuring scale. 

To indicate the precision of a measurement, scientists use the 
term significant figures. The significant figures in a number are 
all certain digits plus one doubtful digit. The number of 
significant figures gives the information that except the digit at 
extreme right, all other digite are precise or reproducible. For 
example, m^s of an object is 11.24 g. This value indicates that 
actual mass of the object lies between 11.23 g and 11.25 g. Thus, 
one is sure of first three figures (1,1 and 2) but the fourth figure 
is somewhat inexact. The total significant figures in this number 
are four. 

The following rules are observed in counting the number of 
significant figures in a given mgasured quantity: 

(i) All non-zero digits aie significant. For example, 

42.3 has three significant figures. 


243.4 has four significant figures. 

24.123 has five significant figures. 

(ii) A zero becomes significant figure if it appears between 
two non-zero digits. For example, 

5.03 has three significant figures. 

5.604 has four significant figures. 

4.004 has four significant figures. 

(iii) Leading zeros or the zeros placed to the left of the 
number are never significant. For example, 

0.543 has three significant figures. 

0.045 has two significant figures. 

0.006 has one significant figure. 

(iv) Trailing zeros or the zeros placed to the right of the 
number are significant. For example, 

433.0 has four significant figures. 

433.00 has five significant figures. 

343.000 has six significant figures. 

(v) In exponential notation, the numerical portion gives the 
number of significant figures. For example, 

1.32 X lO"^ has three significant figures. 

1.32 X lO"* has three significant figures, 

(vi) The non-significant figures in the measurements are 
rounded off. 

(a) If the figure following the last number to be retained is 
less than 5, all the unwanted figures are discarded and 
the last number is left unchanged, e,g., 

5.6724 is 5.67 to three significant figures. 

(b) If the figure following the last number to be retained 
is greater than 5, the last figure to be retained is 
increased by 1 unit and the unwanted figures are 
discarded, e.g., 

8.6526 is 8.653 to four significant figures. 

(c) If the figure following the last number to be retained 
is 5, the last figure is increased by 1 only in case it 
happens to be odd. In case of even number the last 
figure remains unchanged. 

2.3524 is 2.4 to two significant figures. 

7.4511 is 7.4 to two significant figures. 

Calculations Involving Significant Figures 

In most of the experiments, the observations of various 
measurements are to be combined mathematically, i.e., added, 
subtracted, multiplied or divi^ as to thieve the final result. 
Since, all the observations in measuremente do not have the same 
precision, it is natural that the final result cannot be more precise 
than the least precise measurement. The following two rules 
should be followed to obtain the proper number of significant 
figures in any calculation. 

Rule 1; The result of an addition or subtraction in the 
numbers having different precisions should be reported to the 
same number of decimal places as are present in the number 
having the least number of decimal places. The rule is illustrated 
by the following examples: 
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(a) ’ 33.3 <—(has only one decimal place) 

3.11 
0.313 

Sum 36.723 <— (answer should be reported 

to one decimal place) 

Correct answer = 36.7 


(b) 3.1421 

0.241 

0.09 


Sum 3.4731 


Correct answer = 3.47 


<—(has 2 decimal places) 

(answer should be reported to 
2 decimal places) 


(c) 62.831 <—(has 3 decimal places) 

- 24.5492 

Difference 38.2818 <— (^swer should be reported 


Correct answer = 38.282 


to 3 decimal places after 
rounding off) 


Rule 2: The answer to a multiplication or division is 
rounded off to the same number of significant figures as is 


possessed by the least precise term used in the calculation. 
Examples are: 

(a) 142.06 

X 0.23 <— (two significant figures) 

32.6738 <— (answer should have two 
significant figures) 

Correct answer = 33 

(b) 51.028 

X 1.31 (three significant figures) 

66.84668 


Correct answer = 66.8 

(c) ^=0.2112676 

4.26 


Correct answer = 0.21 


Note: (i) Same procedure is followed if an expression involves 
multiplication as well as division. 

(ii) The presence of exact numbers in an expression does not 
affect the number of significant figures in the answer. 
Examples are: 


(a) 


3.24 X 0.0866 
5.046 


= 0.055643 (b) 


4.28x0.146x3 

0.0418 


44.84784 


Correct answer = 0.0556 Correct answer = 44.8 






Miscellaneous Numerical Examples^^''"^ 


Example 1. 0.44 g of a hydrocarbon on complete 
combustion with oxygen gave 1.8 g water and 0.88 g carbon 
dioxide. Show that these results are in accordance with the law of 
conservation of mass. 

Solution: A hydrocarbon is a compound which consists of 
carbon and hydrogen only. It undergoes combustion forming 
carbon dioxide and water as products. 

Formula of carbon dioxide = CO 2 ; 

Molecular mass = 12 + 32 = 44 g 
Formula of water = H 2 O; 

Molecular mass = 2 + 16 = 18g 

Mass of carbon in 0,88 g of CO 2 = — x 0.88 = 0.24 g 

44 

Mas of hydrogen in l.Sgof H 20 =—x 1.8=0.20g 

18 

Total raises of carbon and hydrogen in the products 

= 0.24+0.20= 0.44 g 

This is equal to the mass of hydrocarbon before combustion. 

Thus, the results are in accordance with the law of 
conservation of mass. 

Calcium carbonate decomposes completely, 
on heating, into lime (CaO) and carbon dioxide (COj )• I kg of 
calcium carbonate is completely decomposed by heat, when 560g 
of lime are obtained. How much quantity of carbon dioxide in 
grams, moles and litres at NTP is produced in the process? 


Solution: According to law of conservation of mass, 

Mass of lime + Mass of carbon dioxide = Mass of calcium 

carbonate 

560g + Mass of CO 2 =1000g 
Mass of CO 2 = 1000-560 = 440g 
Molecular mass of CO 2 =12+32 = 44g (Imole) 

44(1 

No. of moles in 440 g of CO 2 =-= 10 

44 

1 mole of CO 2 occupies volunK at NTP = 22.4 litre 

10 moles of CO 2 will occupy volun« at NTP 

= 22.4 X 10=224 litre 

Example 3. 10 mL of hydrogen combine with 5 mL of 

oxygen to yield water. When 200 mL of hydrogen at NTP are 
passed over heated CuO, the CuO loses 0.144 g of its mass. Do 
these results correspond to the law of constant proportions? 

Solution: 1st Case: 

Mass of 10 mL hydrogen at NTP = —x 10= 0.00089 g 

22400 

32 

Mass of 5 mL of oxygen at NTP =-x 5 = 0.00714 g 

224«) 
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Mass of 22400 mL of Hg vapour at NTP ?= ^ 22400 

= 199^87 g 

Hence, molecular mass of Hg = 199.87g 


(c) Approximate atomic mass = 


6.4 


6.4 


Sp. heat 0.O33 


= 193.93g 


193 93 

Valency of Hg =-^ - 2 (nearest whole number) 


So, accurate atomic mass = Eq. mass x Valency 

= 100x2 = 200g 

. . Mol. mass 199.88 
Atomicity =-=--- 1 


At. mass 


200 


Hence, mercury molecules are monoatomic. 

Example 23. How many grams of CaO are required to 
neutralise 852g of P^Oiq ? (IIT 2005) 

Solution: The reaction will be: 


6 CaO + P 4 Oio-> 2Ca 3 ('PO 4 )2 

852 g P 40 jo = 3 mol P 4 O 10 
1 mole of P 4 O 10 neutralises 6 moles of CaO. 

.'. 3 moles of P 40 jo will neutralise 18 moles of CaO. 
Mass of CaO = 18 X 56 = 1008g 


Example 24. //■ 1 grain is equal to 64.8 mg, how many 
moles of aspirin (mol. wt. = 169) are present'in A 5 grain aspirin\ 
tablet? '• 

Solution: Mass of aspirin in the tablet = 64.8 x 5 = 324 mg 


Number of moles = 


Mass 


Molar mass 
= 1.92x10^^ 


0.324 g 
0.324 
169 


Example 25. If the volume occupied in a crystal by a 
molecule of NaCl is 47 x 10“^'* mL, calculate the volume of the 
crystal weighing \g. 

Solution: Number of molecules of NaCl 

= —— X 6.023 X 10^^ 

Molar mass 

I 

58.5 

VoluiiK of crystal = 1.03x 10“ x 47x lO^^^* = 0.484 mL 


•X 6.023x10^^ =1.03x 10^^ 


Example 26. A plant virus is found to consist of uniform 
cylindrical particles oflSQA in diameter and 5000 vi long. The 
specific volume of the virus is 0.75 cm ^ /g. If the virus is considered 
to be a single particle, find its molecular mass. (IIT 1999) 

Solution: Volume of cylindrical virus = nr^ I 

= 3.14 xf^x 10^*1 X 5000x10“* 


= 0.884 X 10’’® cm^ 

.. ^ , Volume 0.884x10“'® 

Specific volume 0.75 

= 1.178xl0"*®g 

Molar ma® of virus =Mass of single virus x 6.023 x 10^^ • 

= 1.178x10“'® X 6.023x10^^ ' 

= 7.095x10'^ 

Example 27. Weighing 3104 carats (1 carat = 200 mg), the 
Cullinan diamond was the largest natural diamond ever found. 
How many carbon atoms were present in the stone? 


Solution: Mass of the stone 

= 3104 X 200 = 620800 mg = 620.8 g 
Number of atoms of carbon 

Mass in gram 


Gram-atomic mass 


■ X 6.023 X 10“ 


= ^2:! X 6.023 X 10^^ = 3.12 X 10^® 

12 

Example 28. A cylinder of compressed gas contains 
nitrogen and oxygen in the ratio 3:1 fey mole. If the cylinder is 
known to contain 2.5 x 10“* g of oxygen, what is the total mass of 
the gas mixture? 

Solution: Number of moles of oxygen in the cylinder 

_ Mass in gram _ 2.5x10“* 
Molecular mass in gram 32 
= 781.25 


.-. Number of moles of Nj =3x781.25=2343.75 

Mass of nitrogen in the cylinder = 2343.75 x 28 

= 65625g 
= 6.5625 x 10“* g 

Total mass of the gas in the cylinder 

= 2.5 X 10“* + 6.5625 x 10“* = 9.0625 x 10“* g 


Example 29. Atmospheric air has 78% Njt 2\Yo O 2 ; 
0.9 % Ar and 0.1 % CO 2 by volume. What is the molecular mass 
of air in the atmosphere? 

Solution: Molecular mass of mixture 


S % of each 
100 


X Molar mass 


78 21 „ 0.9 0.1 

= — x28-t- — X 32 ■+ — x40 + —^^x44 
100 100 100 100 


28.964 


Example 30. The famous toothpaste Forhans contains 0.76 
g of sodium per gram of sodium monofluoroorthophosphate 
(Na^PO^F)in 100 ml,. 

(a) How many fluorine atoms are present? 

(fe) How much fluorine in milligrams is present? 
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Solution: 

Molar mass of Na 3 P 64 F = 3 x 23 + 31 + 16 x 4 + 19 = 183 
183 gNa 3 PO 4 F contains = 19 g fluorine 

19 

0.76 g Na 3 PO 4 F contains =—x 0.76 g fluorine 


= 0.0789 g= 78.9 mg fluorine 

Number of fluorine atoms 

Mass in gram . , „23 

=- 2 --X 6.023 X 1 0 

Gram-atomic mass 

= £:2Z!?X 6.023x10^' 

19 

= 2.5 X 10^* atoms 

5^7,. Etrample 31. An alloy of iron (54.7%), nickel (45%) and 
manganese (0.3%) has a density of 8.17 g/cm^. How many 
iron atoms are there in a block of alloy measuring 
10 cm X 20 cm X 15 cm.? 

Solution: 

Volume of the block of alloy = 10 x 20 x 15 cm^ 

= 3000 cm^ 

Mass of the block ?= 3000 x 8.17 g = 24510 g 


Mass of iron in the block = 


54,7 

100 


X 24510= 13406.97 g 


Number of iron atoms in the block = 


Mass 


Atomic mass 
13406.97 


-X 6.023x10^^ 


56 


X 6.023x10 


,23 


= 1.442x10 


,26 


7 ^ Examples!. An analysis of pyrex glass showed 12.9% 
B 2 OJ,, 2.2% 74 / 2 O 3 , 3.8% Na20, 0.4% KjO and remaining is 
SiOi, What is the ratio of silicon to boron atoms in the glass ? 

(BCECE 2007) 

Solution: 

Percentage composition of P 2 O 3 = 12.9% 

Pereentage composition of 

SiOj = 100 - [12.9-H 2.2+ 3.8+ 0.4] 

= 80.7% 

Ma<s 12 9 

Number of moles of B 2 O 3 =—— = _^ = 0.184 

Molar mass 70 


Number of moles of boron atoms = 2 x 0.184 

Number of moles of Si 02 = —= 1,345 

Molar mass 60 

Number of moles of silicon atoms = 1.345 
Number of atoms of silicon _ x 1.345 _ 7.3 

Number of atoms of boron x 0.184 1 

Where, 7/4 =Avoga<iro’s number 


lttl/^T(0V5'<^^>iagciivg^gsiioMS : I 

22 . X gram of CaC 03 was completely burnt in air. The mass of the 

solid residue formed is 28 g. What is the value of‘x’ in gram? 

(EAMCET 2005) 

(a) 44 (b)200 (c) 150 (d)50 

[Ans. (d)] 

[Hint: CaCOjfs)-> CaO(s) + COjig) 

lOOg 56g 

56 g residue s 100 g CaC 03 

.•. 28 g residue s 50 g CaCOj ] 

23. The mass of carbon anode consumed (giving only carbon 
dioxide) in the production of270 kg of A1 metal from bauxite 
by Hall process is: 

(a) 270 kg (b) 540 kg (c) 90 kg (d) 180 kg 

[Ans. (c)] 

[Hint; 3C + 2 AI 2 O 3 —> 4A1 + SCOj 

3xl3g 4 X 27= 108g 

108 g A1 is produced by consuming = 36 g carbon 
.'. 270 X 10^ g Al will be produced by consuming 

= X 270 X 10^ g carbon 
108 

= 90 X 10^ g = 90 kg carbon ] 

24. The equivalent mass of an element is 4. Its chloride has 
vapour density 59.25, Then the valency of the element is: 

(a) 4 (b)3 (c)2 (d)l 

[Ans. (b)] 

[Hint: Molecular mass of A/Cl „ = 59.25 x 2 = 118.5 

a+35.5x« = 118.5 ■•■(i). 

Equivalent mass x « + 35.5 x « = 118.5 

4n-l-35.5n = 118.5 • • ■ (u) 

n = 3] 

25. Sulphur trioxide is prepared by the following two reactions: 

Sg(s) + 803 (g)-3 8S03(g) 

2 S 02 (g)+ 03 (g)^ 2 S 03 (g) 

How many grams of SO 3 are produced from 1 mole Sg? 
(a) 1280 (b)640 

(c) 960 (d) 320 

[Ans. (b)] 

[Hint: From the given reaction, it is clear that, 1 mole Sg will 
give 8 moles of SO 3 . 

.•. Mass of SO 3 formed will be = 80 x 8 = 640 g.j 

26. Calculate the number of millilitres at STP of S gas needed 
to precipitate cupric sulphide completely from 100 mL of a 
solution containing 0.75 g of CuClj in 1 L. 

(a) 21.4 (b)14.2 

(c)41.2 (d)124 

[Ans. (d)] 
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[Hint: CuClj + HjS- > Ci^ + 2HC1 


27. 


Number of moles of HjS = Numberof moles of CUCI 2 


0.75 

134.5 


= 0.00557 


Volume of HjS = 0.00557 x 22400 = 124.8 mL] 
In the reaction, 


AS2S5 +XHNO3-45H2SO4 + VNO2 +2H3ASO4 

+ I2H2O 


the values of x and j are: ‘ [ JEE (Orissa) 2006] 

(a) 40,40 (b) 10,10 

(c) 30,30 (d) 20,20 

[Ans. (a)] 

[Hint: In RHS, there are 40 hydrogen atoms, hence only 
option (a) will be suitable.] 


Summary AND Important Points to Remember 


1. Chemistry: Branch of physical science which deals 
with the properties, composition and changes of matter. It 
has several branches. Main branches are (i) organic 

(ii) inorganic (iii) physical and (iv) analytical. It is wide in its 
scope and touches almost every aspect of our lives. 

2. Matter: It is anything which has mass and occupies space. 
Matter exists in three physical states (i) sohd (ii) liquid and 

(iii) gas. It is chemically classified into (a) elements 
(b) compounds and (c) m i xtures. 

3. Energy: The capacity of doing work. It is of various forms. 
One form can be converted into another but cannot be created 
or de stroyed. The total amount of matter and energy available 
in the universe is constant. The relationship between mass and 
energy is given by Einstein equation, E = mc^ (where, 
E = energy, m = mass, c = velocity of light). 

4. Intensive properties; Do not depend on the quantity of 
matter, e.g., colour, density, melting point, boiling point, etc. 

5. Extensive properties; Depend on the quantity of matter, 
e.g., volume, mass, weight, etc. 

6. Substance: A variety of matter, all samples of which have 
the same composition and properties. Pure substances are 
divided into (i) elements and (ii) compounds. 

7. Element: A substance which carmot be decomposed into 
anything more simpler by ordinary physical or chemical 
meaiB, 117 elements are known. 88 elements have been 
isolated from natural sources and remaining 29 have been 
prepared by artificial means. Every element is represented by 
a symbol which is a small abbreviation of its full and lengthy 
name. Oxygen is the most abundant element. Silicon, 
aluminium, iron are second, third and fourth most abundant 
elements. Elements are classified as (i) metals 
(ii) non-metals and (iii) metalloids. 

8. Metals: Generally solids (Hg—exception). They have 
properties such as lustre, hardness, malleable, ductile, good 
conductors of heat and electricity. Copper, zinc, iron, 
aluminium are metals. 

9. Non-metals: Usually non-lustrous, brittle and poor 
conductors of electricity. Oxygen, carbon, nitrogen, 
chlorine, hehum, etc., are non-metals. 

10. Metalloids: Possess niixed properties of metals and 
non-metals both (e.g.. As, Sb, Sn). 

11. Compound; Pure substance composed of two or more 
different elements in a fixed proportion of mass. The 


properties of a compound are altogether different from the 
properties of elements from which it has been constituted. 

12. Mixture: A material containing two or more substances 
(elements or compounds) in any proportion, in which 
components do not lose their identity. Homogeneous mixture 
has a single phase while heterogeneous has more than one 
phase. Mixture can be separated into components by 
physical methods. 

13. Alloy: A homogeneous mixture of two or more 
elements—metal and metal, metal and non-metal or 
non-metal and non-metal. They have imique properties. 

14. Physica l change; A temporary chang e..no change in 

chemical composition and mass. Physical properties alter. It 
can be reversed easily. 

15. Chemical change: A permanent change, new substance is 
formed which possesses different composition and 
properties. It cannot be reversed easily. Chemical changes 
are of various types. The important ones are decomposition, 
synthesis, substitution, addition, internal rearrangement, 
polymerisation, double decomposition, etc. 

16. Law of conservation of mass: (Lavoisier—1774) In a 
chemical change, mass is neither created nor destroyed. In 
chemical reactions: 

Total masses of reactants = total masses of products. 

17. Law of constant proportions: (Proust—1799) A chemical 
compound always contains the same element combined 
together in fixed proportion by mass. 

18. Law of multiple proportions: (Dalton—1808) When two 
elements combine to form two or more compounds, the 
different masses of one element which combine with a fixed 
mass of the other element, bear a simple ratio to one another. 

19. Law of reciprocal proportions: (Richter—1794) When 
two different elements combine with the same mass of a 
third element, the ratio in which they do so will be the same 
or simple multiple if both directly combine with each other. 
In all chemical reactions, substances react in the ratio of their 
equivalent masses. 

20. Law of gaseous volumes: (Gay-Lussac—1808) Gases 
react with each other in simple ratio of their volumes and if 
product is also in gaseous state, its volume also bears a 
simple ratio with the volumes of gaseous reactants under 
similar conditions of temperature and pressure. 
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21. Dalton’s atomic theory: Every element is composed of 
small indivisible, indestructible particles called atoms. 
Atoms of the same element are identical but differ in 
properties, mass and size of atoms of other elements. Atoms 
of different elements combine in simple ratio to form 
compounds. The relative number and kind of atoms are 
always the same in a given compound. Atoms cannot be 
created or destroyed. 

22. Atom: The smallest particle of an element that takes part 
in a chemical reaction. 

23. Molecule: The smallest particle of an element or 
compound that can have a stable existence. 

24. Formula: Group of symbols of elements which represents 
one molecule of a substance. It represents also the chemical 
composition. 

25. Atomic mass: Atomic mass of an element is the ratio of 
mass of one atom of an element to ^th part of the mass of 

carbon-!,12. * 

Atomic mass of an element 

Massof one atCMn of the element 

=-X12 

Mass of one atom of carbon-12 


26. Atomic mass unit (amu): i-th mass of carbon-12. It is 

- 12 

equal to 1.66 X10“^"^ g. 

Atomic mass of an element 

_ Mass of one atom of the element 
laimi 


The actual mass of an atom of element = Atomic mass in 
amu X 1.66 X 10"^''g. 


The atomic masses of elements are actually average relative 
masses because elements occur as mixture of isotopes. 

27. Gram-atomic mass or Gram atom: Atomic mass 
expressed in grams. It is the absolute mass in grams of 
6.02 X 10^^ atoms of any element. 


No. of gram atoms 


Mass of element in grams 
Atomic mass of the element in grams 


28. Molecular mass: It indicates how many times one 
molecule of a substance is heavier in comparison to ^th of 

■ mass of one atom of carbon-12. Mass of a molecule is equal 
to sum of masses of the atoms present in a molecule. 

29. Gram-molecular mass or Gram molecule: Molecular 
mass expressed in gram. It is the absolute mass in gram of 
6.02 X 10^^ molecules of any substance. 

No. of gram molecules 

Mass of a substance in gram 
Molecular mass of the substance in gram 

30. Avogadro’s hypothesis: Under similar conditions of 
temperature and pressure, equal volumes of all gases contain 
same number of molecules. 


31. Gram molar volume: The volume occupied by one 
gram-molecular mass of any gas at NTP (0°C or 273 K and 
one atm or 76 cm of Hg as pressure). Its value is 22.4 litre. 

32. Vapour density: 

_ Density of a gas 

Density of hydrogen 
_ Mass of a certain volume of a gas 
Mass of same volume of hydrogen 
under same ten^jerature and pressure 
2 V.D. = Molecular mass ' . - . 

33. Mnle: A mole (mbl) is defined as the number of atoms in 
12.0 g of carbon-12. The number of atoms is 6.02 x lO^^ 
This number is called Avogadro’s number. 

Mass of substance in gram 

No. of moles =-^ - - 

Mass of one mole of the substance in gram 

_ No. of particles 
6.02x10^^ 

VoliBiKof gas in litres at NTP 
_ 

Mass of one atom of an element 

_ Gram atom oT an elenent 

6.02x10^^ 


Mass of one molecule of a substance 

_ Gram-n»lecular mass of a substance 

6.02x10^^ 

34. Equivalent mass: The number of parts by mass of the 
substance which combine or displace directly or indirectly 
1.008 parts by mass of hydrogen or 8 parts by mass of 
oxygen or 35.5 parts by mass of chlorine or 108 parts by 
mass of silver. 

The equivalent mass of an element may vary with change of 
valency. 

Eq. mass of an element 

Mass of element , ' 

=-^—X 1.008 

Mass of hydrogen 

_ Mass of elenKnt x 11200 

Volume in mL of hydrogen di^laced at NTP 
Mass of element „ 

=-X 8 

Mass of oxygen 

Mass of element , 

■=-x35.5 

Mass of chlorine 

TH ]E 

35. Metal to metal displacement: _i. = __L 

m2 

36. Double decomposition: AB + CDAD + CB 

pp». 

Mass of AB _ Eq. mass of .4 + Eq. mass of B 
Mass of AD Eq. mass of A + Eq. mass of D 
Atomic mass of an element 


= Eq. mass of the element x Valency 
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6.4 


37. Dulong and Petit’s law: 

Atomic mass (approximate) = . 

Specific heat 

38. Cannizzaro’s method: Atomic mass of an element is the 
smallest mass of the element present in the molecular mass 
of any one of its compoimds. 

39. Law of isomorphism: Isomorphous compounds form 
crystals which have same size and shape and can grow in the 
saturated solution of each other. 

Masses of two elements that combine with same mass of 
other elements in their respective compounds are in the ratio 
of their atomic masses. 

40. Atomic mass from vapour density of a chloride: 

.,, , . , 2 V.D. of a volatile chloride 

Valency of an element =- 

Eq. mass+ 35.5 


41. T^pes of formulae: 

(i) Empirical; It represents the simplest relative whole 
number ratio of atoms of each element present in the 
molecule of a substance. 

(ii) Molecular: It represents the actual number of atoms of 
rach element present in one molecule of a substance. 

Molecular formula - « x Empirical formula 


42. 


Molecular formula n^ 

«:=- 

^ ,E 

(iii) Structural: It represents the way in which atoms of 
various elements are linked with each other. 
Percentage of element: 


Percentage of element = 


Mass of element 
Molecular m^ 


xlOO 


43. Chemical equation: It is a symbolic representation of a 
chemical change. The equation becomes balanced when total 
number of atoms of various elements are made equal on both 
the sides of equation. Chemical equations are of two types 
(i) molecular and (ii) ionic. Chemical equation is based on 
law of conservation of mass. 

44. Unit: It is the primary standard chosen to measure any 
physical quantity. 

The seven units of measurement, namely mass, length, time, 
temperature, electric current, luminous intensity and amount 
of substance are taken as basic units. All other units can be 
derived fi'om them and are, therefore, called derived units. SI 
units are used these days in all branches of science. 

45. Significant figure: It is the total number of certain digits 
plus one doubtful digit. 
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Questions 



Match the following, choosing one item from Column-Z and 
the appropriate related item from Column-f. 

[A] 


Column-Z 

Column-F 

(a) Efflorescence 

(i) Homogeneous mixture 

(b) Malleability 

(ii) Heterogeneous mixture 

(c) Alloy 

(iii) Mole 

(d) 1 amu 

(iv) (l/ 12 )thmassof 
carbon -12 

(e) Sulphur and sand 

(v) Tendency to lose water of 
crystallisation 

(f) Amount of substance 

(vi) Property of metal being 
hammered into thin sheets 

[B] 


Column-Z 

Column-F 

(a) Equal volumes of all 
gases contain equal 
number of molecules at 
NTP. 

(i) Dalton’s atomic theory 

(b) The atom is indestruc¬ 
tible. 

(c) All pure samples of the 
same compound contain 
the same elements 
combined in the same 
proportion by mass. 

(ii) Law of conservation of 
mass 

(iii) Avogadro’s law 

(d) Total mass before and 
after the chemical 
reaction is same. 

(iv) Dulong and Petit’s law 

(e) Atomic mass 

6.4 

(v) Gay-Lussac’s law 

Specific heat 


(f) Gases react in simple 
ratio of their volumes. 

(vi) Law of constant 
proportions 

[C] 


Column-Z 

Column-F 

(a) Most abimdant element 

(i) Platinum 

(b) Most abundant metal 

(ii) Diamond 

(c) Liquid at room temp. 

(iii) Aluminium 

(d) Hardest substance 

(iv) Plutonium 

(e) Most ductile metal 

(v) Mercury 

(f) Transuranic element 

(vi) Oxygen 


2 . 


Matrix Matching Problems: 

(According to the new pattern of IIT Screening) 


[A] Match the Column-Z and Column-F: 

Column-Z 

Column-F 

(a) Vapour density 

(i) Unitless 

(b)Mole . 

(ii) 1 mol electrons 

(c) 12 g carbon 

(iii) Collection of 6.023 x 10‘ 


atoms 

(d) 96500 C 

(iv) Molecular m^s x - 
2 

[B] Match the Colunm-Z and Column-F: 

Column-Z 

Column-F 


(a) 1 . 6 gCH 4 (i) 0,1 mol 

(b) 1.7 g NHj (ii) 6.023 x 10^^ electrons 

(c) HCHO (iii) 40% carbon 

(d) QHijOg (iv) Vapour density = 15 

[C] Match the Column-Z andColumn-K; 

Column«Z Column* F 


(a) 1 amu 

(b) Proton 

(c) Neutron 

(d) a-particle 


(i) Heaviest particle of atom 

(ii) 1 . 66 x 10 "^’kg 
(hi) 931.5 MeV 

(iv) Positively charged 


[D] Match the Column-Z with Column-Ffor the reaction: 


A+B. 


■ABo 


Column-Z 

(a) 300 atoms of ^ + 200 
molecules of B 2 

(b) 100 atoms ofA+ 100 
molecules of B 2 

(c) 5 mol of ^ + 2.5 mol 
of52 

(d) 2.5 mol of.<4 + 5 mol 
of 5, 


Column-F 

(p) B 2 is limiting reagent 

(q) A is limiting reagent 

(r) None of the reactant is in 
excess 

(s) 200 molecules of^ B 2 will 
be formed 
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1. [A] (a-v); (b-vi); (c-i); (d-iv); (e-ii); (f-iii) 2. [A] (a-i, iv); (b-iii); (c-iii); (d-ii) 

[B] (a-iii); (b-i); (c-vi); (d-ii); ^v); (f-v) [B] (a-i, ii); (b-i, ii); (c-iii, iv); (d-iii) 

[C] (a-vi); (b-iii); (c-v); (d-ii); (cri); (f-iv). [C] (a-ii, iii); (b-ii, iv); (c-i); (d-iv) 

[D] (a-p, s); (b-r); (c-^); (d-q). 



• Practice Problems • 



1 . 


2 . 


3. 


4. 


5. 


6 . 


7. 


8 . 


9. 


10 . 


11. 


The density of mercury is 13.6 g/mL. Calculate the diameter 
of an atom of mercmy assuming that each atom of mercury is 
occupying a cube of edge-length equal to the diameter of 
mercury atom. 

(Atomic mass of mercury = 200) 

[Ans. 2.9x10"* cm] 

A metal M of atomic mass 54.94 has a density' of 7.42 g/cc. 
Calculate the apparent volume occupied by one atom of the 
metal. 

[Ans. 1.23xl0"“cc] 

Find the charge of 1 g ion of N^~ in coulomb. 

[Ans. 2.894 x 10^ coulomb] 

Calculate the volume at NTP occupied by 6.25 g of nitrogen. 
[Ans. 5.0 litre] 

10 mL of hydrogen contains 2 x 10^ molecules of hydrogen at 
certain pressure and temperature. Calculate the number of 
molecules of oxygen whose volume is 200 mL at the same 
temperature and pressure. 

[Ans. 4 X10'* molecules] 

The masses of equal volumes of a gas and hydrogen are 25.6 g 
and 0.8 g respectively under same conditions of temperature 
and pressure. Find the molecular mass of the gas. 

25 6 

[Hint: V.D. of the gas = = 32.0 

Molecular mass = 2 V.D. = 2 x 32.0 = 64.0] 

One litre of a gas at NTP weighs 1.97 g. Find the molecular 
mass of gas. 

[Ans. 44.128] 

How many moles of water are present in one litre of water? 
[Ans. 55.5 moles] 

Calculate the mass of 6.02 x 10^' molecules of nitrogen. 

[Ans. 0.28 g] 

1.5276 g of CdCl 2 was found to contain 0.9367 g of cadmium. 
Calculate the atomic mass of cadmium. 

[Ans. 112.54] 

[Hint: Equivalent mass of cadmium = x 35.5 

Ma^ of Cl 


0.9367 

0.5909 


X 35.5= 56.27 


Atomic mass = Equivalent mass x Valency] 

Calculate how ■ many methane molecules and how many 
hydrogen and carbon atoms are there in 25.0 g of methane? 

(MLNR1990; Dhanbad 1992) 


[Ans. 9.41 X10^^ CH 4 molecules, 9.41 x 10^^ carbon atoms and 
37.64 X10^^ hydrogen atoms.] > 

25 0 

[Hint: No. of moles of methane = —^ 

16.0 


One molecule of methane contains one carbon atom and four 
hydrogen atoms.] 

12. How much sugar (CjjHj^O, j) will be required if each person 
on the earth is given 100 molecules of sugar? The population 
of the earth is 3 X 10 '°. 

[Ans. 170.43x10'" g] 

13. A mixture of hydrogen and oxygen contains 20% by mass of 
hydrogen. What is the total number of molecules present per 
gram of the mixture? 

[Ans. 7.528x10“] 


[Hint: In 1 gram of the mixture, 0.2 g of hydrogen and 0.8 g of 


oxygen are present. Moles of H 2 = 


02 

2 


= 0 . 1 , moles of oxygen 


32 


= 0.025. Calculate the number of molecules of hydrogen 


and oxygen and then add.] 

14. How many electrons are present in 18 mL of water? 

(MLNR 1995) 

[Hint: 18 mL water = 18 g water = 1 mole water = 6.02 x 10^^ 
molecules, each molecule consists 10 electrons (8 electrons per 
oxygen atom, 2 electrons for two hydrogen atoms). Total 
electrons = 10 x 6.02 x 10 “ = 6.02 x 10 ^] 


15. Sulphur molecule is known to be composed of 8 atoms of the 
element. In a sample of 192 g of pure sulphur, calculate (i) 
number of g-atoms of sulphur; (ii) number of atoms of 
sulphur; (iii) number of moles of sulphur; (iv) number of 
molecules of sulphur. 

[Ans. g-atoms = 6 ; No. of atoms = 6 x 6.02 x 10“; No. of 
moles = 0.75; No. of molecules = 4.52 x 10“] 


[Hint: The atomic mass of sulphur is 32.] 

16. The vapour density of a mixture containing NOj and N 2 O 4 is 
38.3 at 27°C. Calculate the moles of NO 2 in 100 g of the 
mixture. (MLNR 1993) 

[Hint: Mol. mass of mixture = 2 x 38.3 = 76.6 

No. of nxtles in 100 g of mixture = -^55. 

76.6 


Let a g of NO 2 is pr^ent in mixture. 
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Moles of NOj + Moles of N 2 O 4 = Moles of mixture 


a 100 - a 
46 92 


100 

76,6 


or a = 20.10 g 


Moles of NO, in mixture = ^5^ = 0.437 ] 
^ 46 


17. Calculate the number of oxygen atoms in 88 g CO 2 . What 
would be the mass of CO having the same number of oxygen 
atoms? (BITS 1990) 

[Hint: 88 g COj = 2 moles of CQ 2 . One molecule consists of 2 
oxygen atoms. 

No. of oxygen atoms = 2 x 2 x 6.02 x 10^^ = 24.08 x 10^^ 


CO molecule has one oxygen atom. 

Mass of CO containing 24.08 x 10^^ oxygen atoms 

no 

=--X 24.08 x 10^^ = 112 g ] 

6.02x10^^ 

18. Density of water at room temperature is 1.0 g cm"^. How many 
molecules are there in one drop of water if its volume is 0.1 
cm^? 

[Ans. 3.34 x 10^' molecules] 

[Hint: Mass of one drop = Vol. xrf = 0.1xl = 0.1g 

No. of moles = —; No. of molecules = 6.02 x 10^ x — ] 

18 18 


19. Naturally occurring boron consists of two isotopes, whose 
atomic masses are 10.01 and 11.01, The atomic mass of 
natural boron is 10.81. Calculate the percentage of each 
isotope in natural boron. (MLNR 1994) 

[Ans. % of isotope with atomic mass 10.01 = 20; % of isotope 


with atomic mass 11.01 = 80] 

[Hint; Let x be the percentage of the isotope with atomic mass 
10 . 01 . 


20 . 


21 . 


22. 


10.01 XX 11.01 ( 100 -x) 
100 100 


10.81 or x = 20 ] 


Chlorine has isotopes ^^Cland ^^Cl. There are three ^^Cl 
isotopes for every ^^Cl isotope in a sample of chlorine. 
Calculate the atomic mass of chlorine, 

3x35+ 37x1 


[Ans. A ■■ 


■■ 35.5 ] 


Natural hydrogen gas is a mixture of 'H and in the ratio of 
5000 ; 1, Calculate the atomic mass of the hydrogen. 

[Ans. 1.000199] 

Chromium has the following isotopic composition: 


Mass number 

Isotopic mass 

. Fractional 
abundance 

50 

49.9461 

X 

52 

51.9405 

0.8379 

53 

52.9407 

0.0950 

54 

53.9389 

0.0236 


Calculate the value of x. 
[Ans. 0.0435] 


23. Use the data given in the following table to calculate the molar 
mass of naturally occurring argon: 


Isotope 

Isotopic molar mass 

AbnndauM 

5«Ar 

35.96755 gmor’ 

0.337% 

'*Ar 

37.96272 g moP’ 

0.063% 

^"Ar 

39.9624 g mol”' 

99.6% 


[Ans. 39.947] . 

24. Density of oxygen at NTP is 1.429 g/litre. ‘ Calculate the 
standard molar volume of the gas. . 

[Ans. 22.39 litre mol~’] 

25. How many iron atoms are present in a stainless steel ball 
bearing having a radius of 0.254 cm? The stainless steel 
contains 85.6% Fe by weight and has density of 7.75 g/cm^. 
[Ans. 4.91 X 10*’] 

26. The nucleus of an atom X is supposed to be a sphere with a 
radius of 5 x 10“’^ cm. Find the density of the matter in the 
atomic nucleus if the atomic weight of X is 19. 

[Ans. 6.02 X lO’^ g/mL] 

27. Calculate the number of atoms of each element present in 
122.5gofKC103. 

[Ans. Number of atoms of‘K’= 1X 6.023 X 10*^ 

Number of atoms of ‘Cl’ = 1 x 6.023 x 10*^ 

Number of atoms of ‘ O’ = 3 x 6.023 x 10*^ ] 

28. In an experiment, 1.0 g CaCOj on heating evolved 224 mL of 
CO 2 at NTP. What mass of CaO (calcium oxide) is formed? 
[Ans. Mass of CaO = 0.56 g] 

[Hint: Mass of 224 mL of CO, = x 224 = 0.44 g ] 

22400 

29. What mass of potassium chlorate (KCIO 3 ) on heating gives 
1.491 g of potassium chloride (KCl) and 0.672 litres of oxygen 
at NTP? 

[Ans. Mass of KCIO 3 = 2.451 g] 

[Hint: Mass of 22.4 litre of oxygen at NTP = 32 g] 

30. A compound AB completely decomposes into A and B on 
heating. 50 g of AB, on strong heating, gave 40 g of A. How 
much quantity of AB should be decomposed by heating to 
obtain 2.5 gof B1 How much quantity of A will be produced 
in the process? 

[Ans. 12.5 g AB is to be decomposed, 10.0 g of .4 will be 
produced.] 

[Hint: AB A + B 

50 g 40 g 10 g 

31. If 12.6 g of NaHC 03 is added to 20.0 g of HCl solution, the 
residue solution is found to weigh 24.0 g. What is the mass and 
volume of CO, released at NTP in the reaction? 

22 4 

[Ans. 8.6 g CO, released. Volume at NTP = —^ x 8.6 = 4.378 

44 

litre] 

32. (i) 5.06 g of pure cupric oxide (CuO), on complete reduction 

by heating in a current of hydrogen, gave 4.04 g of 
metallic copper. 
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(ii) 1.3 g of pure metallic copper was completely dissolved 
in nitric acid and the resultant solution was carefully 
dried and ignited. .1.63 g CuO was produced in the 
process. Show that these results illustrate the law of 
constant proportions. 

[Ans. In both cases, the ratio of copper and oxygen is 1 ; 0.25. 
Hence, the law of constant proportions is illustrated.] 

33. Metal M and chlorine combine in different proportions to 
form two compounds A and B. The mass ratio M: Cl is 
0.895 ‘.I in ^ and 1.791 ; 1 in B. What law of chemical 
combination is illustrated? 

[Ans. Masses of metal which combine with 1 part of chlorine 
are in the ratio of 1 : 2, which is a simple ratio. Hence, law of 
multiple proportions is illustrated.] 

34. 2.8 g of calcium oxide (CaO) prepared by heating limestone 
were found to contain 0.8 g of oxygen. When one gram of 
oxygen was treated with calcium, 3.5 g of calcium oxide was 
obtained. Show that the results illustrate the law of definite 
proportions. 

35. By means of the given analytical results show that law of 
multiple proportions is true: 

Mercurous chloride Mercurib chloride 

Mercury = 84:92 % Mercury = 73.80% 

Chlorine = 15.08% Chlorine = 2620% 

[Ans. The masses of mercury which combine with 1 part of 
chlorine are in the ratio of 2 : 1, which is a simple ratio. Hence, 
law of multiple proportions is illustrated.] 

36. 1 g of a metal, having no variable valency, produces 1.67 g of 
its oxide when heated in air. Its carbonate contains 28.57% of 
the metal. How much oxide will be obtained by heating 1 g of 
the carbonate? 

[Ans. 0.477 g] 

r... Mass of metal Mass of metal in Ig of carbonate 

[Hint: -=---=- 

Mass of oxygen x 

i.e, X = 0.1914 g of oxygen 

Mass of oxide = 0.2857 + 0.1914 = 0.4771 g] 

37. 0.36 g of Mg cbmbines with chlorine to produce. 1.425 g of 
magnesium chloride. 9.50 g of another sample of anhydrous 
magnesium chloride gave, on electrolysis 2.24 litre of chlorine 
at NTP. Show that these data agree with the law of constant 
proportions. 

[Hint: Mass of 2.24 litre of chlorine at NTP = —^ x 2.24 

22.4 

= 7.1 g. In both cases, the ratio of masses of Mg and Cl is 1 : 3. 
Hence, law of constant proportions is followed.] 

38. Carbon dioxide contains 27.27% carbon, carbon disulphide 
contains 15.97% carbon and sulphur dioxide contains 50% 
sulphur. Show that these figures illustrate the law of reciprocal 
proportions. 

[Hint: The masses of oxygen and sulphur which combine with 
1 part of carbon are in the ratio of 2.667 : 5.25, i.e., 1 : 2. In 
sulphur dioxide, the masses of sulphur and oxygen are in the ratio 
of 1 1 which is a simple multiple of first. Hence, law of 
reciprocal proportions is illustrated.] 


39. Phosphorus and chlorine form two compounds. The first 
contains 22.54% by mass of phosphorus and the second 
[4.88% of phosphorus. Show that these data are consistent 
with law of multiple proportions. 

[Hint: The ratio of the masses of chlorine which combine with 
a fixed mass of phosphorus in two compounds is 3 : 5 which is a 
simple whole number ratio. Thus, the data illustrate law of 
multiple proportions.] 

40. A and B are two hydrocarbons. A and B are heated separately 
in excess of oxygen when 0.028 gofA gave 44.8 mL CO 2 and 
0.044 g of JS gave 67.2 mL CO 2 at NTP. Show that the results 
are imagreement with law of multiple proportions. 

[Hint: Determine the masses of CO 2 at NTP and then masses of 
carbon. 

44 

(A) Mass of CO, =-x 44.8 = 0.088 g, 

^ ^ 22400 * 

’Mass of carbon = 0:024 g, mass of hydrogen = 0.004 g. 

(B) Mass of CO, = x 67.2 = 0.132 g, 

^ 22400 

Mass of carbon = 0.036 g, mass of hydrogen = 0.008 g. 

Thus, the masses of carbon combining with same mass of 
hydrogen are in the ratio of 4 : 3 which is a simple ratio. Hence, 
law of multiple proportions is followed.] 

41. Aluminium oxide contains 52.9% aluminium and carbon 
dioxide contains 27.27% carbon. Assuming the validity of the 
law of reciprocal proportions, calculate the percentage of 
aluminium in aluminium carbide. 

[Hint: From the data, it is observed that the ratio of masses of 
aluminium and carbon in aluminium carbide should be 3 : 1 or its 
simple multiple. Hence, percentage of aluminium in aluminium 

carbide = — x 100 = 75.0] 

4 , . 

42. Two volumes of ammonia, on dissociation gave one volume of 
nitrogen and three volumes of hydrogen. How much hydrogen 
will be obtained from dissociation of 40 mL of NHj? 

[Ans. 60 mL] 

43. The following results were obtained by heating different 
oxides of lead in a current of hydrogen: 

(a) 1.393 g of litharge gave 1.293 g of lead. 

(b) 2.173 g of lead peroxide gave 1.882 g of lead, 

(c) 1.721 g of red lead gave 1,552 g of lead. 

Show that these results are in accordance with the law of 
multiple proportions. 

[Ans. Masses of lead that combine with same mass>of oxygen 
are in the ratio of 4 :2 : 3 which is a simple ratio. So,’the results 
are in accordance with the law of multiple proportions.] 

44., Calculate the number of g-moles of CaO that could be 
obtained from 42.54 g of CaCOj and convert the number of 
g-moles to grams. 

42 54 

[No. of g-moles == = 0.4254, 

100 

Mass of CaO = 0.4254 x 56 = 23.8 i 

45. 1 g of a metal M which has specific heat of 0.06 combines 
with oxygen to form 1.08 g of oxide. What is the atomic mass 
ofM? 
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[Hint: 


Approximate atomic mass 
Equivalent mass of M 
Valency 


6.4 

0.06“ 

1 

-X 

0.08 

106.6 

100 


1066 


8 = 100 


Exact atomic mass = lOOx 1 = 100] „ - 

jT—• 

46. A compound contains 28% of nitrogen and 72% metal by 
niass. 3 atoms of the metal combine with 2 atoms of the 
nitrogen. Find the atomic mass of the metal. 

[Hint: Valency of metal = 2 and valency of nitrogen = 3 

„ . , /. ■ 14 Eq. mass of metal 72 

Equivalent mass of nitrogen = — ; - -= — 

3 14/3 28 

Equivalent mass of metal = 12 
Atomic mass of metal = 12 x 2 = 24] 

47. The chloride of a solid metallic element contains 57.89% by 
mass of the element. The specific heat of the element is 0.0324 
caldeg~' g“’. Calculate the exact atomic mass of the element. 

[Hint: Equivalent mass of the element = x 35.5= 48.8 


Approximate atomic mass = —^— = 200 
■ 0.0324 

> 200 ^ 

Valency =-= 4 

• 48.8 


Exact atomic mass = 48.8 x 4 = 195.2 ] 

48. Two oxides of a metal contain 63.2% and 69.62% of the metal. 
The specific heat of the metal is 0.117. What are the formulae 
of the two oxides? 

[Ans. M 02 andJl/ 203 ] 

49. White vitriol (hydrated zinc sulphate) is isomoiphous with 
M^ 04 ' 7 H 20 . White vitriol contains 22.95% zinc and 43.9% 
of water of crystallisation. Find the atomic mass of zinc. 

[Hint: The formula of white vitriol should be ZnS 04 - 7 H 2 O as it 
is isomorphous to MgS 04 - 7 H 20 , i.e., 1 water molecules are 
associated with one zinc atom. 7 H 2 O = 7 x,18 = 126. Mass of Zn 
with which 126 parts of water by mass are associated 

22 95 

= —^— X 126 = 65.87. Atomic mass of zinc.] 

. .. ,^,43.,^0 , ,, ■ ^ 

50. A solid element bums in oxygen without any change in 
volume (of gas) under similar conditions of temperature and 
pressure. If the vapour density of pure gaseous product is 32, 
what is the equivalent mass of the element? 

[Hint: One vol. of oxide contains 1 vol. of O 2 . 

One mole of oxide contains one mole of O 2 . 

Mol. mass of oxide = A + 32 = 2 V.D. = 64 


So, ^ = 32 . 

32 parts of element combine with' 32 parts of oxygen. 

32 

So, Equivalent mass of element = — x 8 = 8 ] 


51. If the equivalent mass of a metal (M) is x and the formula of its 

2 xft 

oxide is M„ 0„, then show that the atomic mass of M is-. 

ifl rl ' 

[Hint: m atoms of M combine with n atoms of oxygen. 

1 atom of M combines with — atoms of oxygen. 


Hence, 


Valency = 


2 n 


m 


Atomic mass = Equivalent mass x Valency 

2 n 2 nx , 

= xx —=-] 

m m 

52. Two oxides of metals A and B are isomorphous. The metal A 
whose atomic mass is 52, forms a chloride whose vapour 
density is 79. The oxide of the metal B contains 47.1% 
oxygen. Calculate the atomic mass of B. 

[Hint: Let the valency of A be x. The formula of chloride 
= ACL 


2V.D. = A+xx35.5 


X = 3 


As the two oxides are isomorphous, the valency of B is also 3. 
52.9 

Equivalent mass of 5 = —^ x 8 = 8.99, atomic mass of 
■ ‘ 47.1 

5 = 8.99x3 = 26.97] 

53. A mixture of 1.65xl0^‘ molecules of X and L85xl0^’ 
molecules of Y weighs 0.6,88 g. If molecular mass of 7 is 187, 
what is the molecular mass ofX? 


[Hint: 


.4x1.65x10“^ 


187 X 1.85 xur 


6.02x10 


|23 


6.02 X 10 


,23 


= 0.688, ^=4L35] 


54. The equivalent mass of a metal is 29.73 and the vapour density 
of its chloride is 130.4. Find out the atomic mass of the metal. 


[Ans. 

[Hint: 


Atomic mass = 118.92] 
Valency 2xV.D. 


Eq. mass + 35.5 


2 X (130.4) 
(29.73 + 35.5) 


55. Calculate the percentage of aluminium, sulphate radical and 
water in potesh alum. 

[Ans. A1 = 5.69%; SOj" = 40.51%; Water = 45.57%] 

56. Carbohydrates are represented by the general formula 
C„(H 20 )„. On heating, in absence of air, they decompose into 
steam (H 2 O) and carbon. 3.1 g of a carbohydrate,son complete - 
decomposition by heating in absence of air, leave a residue of 
1.24 g of carbon. If the molecular mass of the carbohydrate be 

180, find its molecular formula. 

[Hint: Determine % of carbon in carbohydrate. It is 40%. Water 
is 60%. Empirical formula = CH 2 O. Molecular formula 
= 6xCH20 = q6H,206.] 

57. A gaseous hydrocarbon contains 85.7% carbon and 14.3% 
hydrogen. 1 litre of the hydrocarbon weighs 1.26 g at NTP. 
Determine the molecular formula of the hydrocarbon. 

[Ans. C 2 H 4 ] • 

58. Equal masses of oxygen, hydrogen and methane are taken in a 
container under identical conditions. Find the ratio of their 
volumes. 

[Ans. 1:16:2] 
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59. How many moles are there in 1 m^ of any gas at NTP? 

[Ans. 44.6 moles] 

60. A hydrated ehloride of metal eontains 18.26% metal and 
32.42% chloride ion by mass. The specific heat of metal is 
0.16. What is hydrated chloride? 

[Ans. CaCl 2 - 6 H 20 ] 

61. 1.878 g of MBr^ when heated in a stream of HCl gas was 
completely converted to chloride MC\^ which weighed 1.0 g. 
The specific heat of metal is 0.14 cal g”*. Calculate the 
molecular masses of metal bromide and metal chloride. 

[Ans. Mol. mass of metal bromide = 285.54; 

Mol. mass of metal chloride = 1522 ] 

62. An automobile antifreeze consists of 38.7% C; 9.7% H and 
remaining oxygen by weight. When 0.93 g of it are vaporised 
at 200°C and 1 atm pressure, 582 mL of vapour are formed. 
Find the molecular formula of the antifreeze. 

[Ans. C 2 H 5 O 2 ] 

63. A mineral contained MgO= 31.88%; SiOj = 63.37% and 
HjO = 4.75%. Show that the simplest formula for the mineral 
is H 2 ^ 4 g 2 Si 40 j 2 ' 

(H = 1; Mg = 24; Si = 28; O = 16) 

64. How me^ny moles of NHj are there in 250 cm^ of a 30% 
solution, the specific gravity of which is 0.90? 

[Ans. 3.97 moles] 

65. Haemoglobin contains 0.25% iron by mass. The molecular 
mass of haemoglobin is 89600. Calculate the number of iron 
atoms per molecule of haemoglobin. 

[Atomic mass of Fe = 56] 

[Ans. 4 atoms] 

66. A sample of potato-starch was ground to give a starch like 
molecule. The product analysed 0.086% phosphorus. If each 
molecule is assumed to contain one atom of phosphorus, what 
is the average molecular mass of the material? 

[Ans. 36000 amu] 

67. Insulin contains 3.4% sulphur. Calculate minimum molecular 
mass of the insulin. 

[Ans. 941.176 amu] 

[Hint: For minimum molecular mass, one molecule of insulin 
must have atleast one sulphur atom.] 

68. Calculate the number of carbon, hydrogen and oxygen atoms 
in 18 g of glucose. 

[Ans. 3.61 X 10^^ carbon atoms, 7.22 x 10^^ hydrogen atoms, 
3.61 X lO^i^ oxygen atoms] 

69. Hydrated sulphate of a divalent metal of atomic weight 65.4 

loses 43.85% of its weight on dehydration. Find the number of 
molecules of water of crystallisation in the formula of 
hydrated salt. [JEE (West Bengal) 2005] 


[Hint: Formula of divalent hydrated metal sulphate will he 
A/S04-xH20 

Molecular mass of salt = 65.4 + 96 + 18x 
= (161.4+ 18x) 

1 Oy 

% of water =--x 100 = 43.85 

161.4 + 18x 

On solving, x = l 


Molecular formula of hydrated salt = A/S 04 - 7 H 20 ] 


70. A person with fever has a temperature of 102.5°F. What is the 
temperature in degree Celsius? 

5(F-32). 


[Hint: Use C = 


■] 


71. An ornamental ring contains 275 carats of diamond. How 
many grams diamond does it have? 

[Hint: 1 carat = 200 mg 
Mass of diamond = 275 x 200 x 10"^ g] 


72. 1 volume of a gaseous compound consisting C, H, O on 
complete combustion in presence of 2.5 volume of O 2 gives 2 
vol. of steam and 2 vol. of COj. What is the formula of the 
compound if all measurements are made at NTP? 

[Ans. C 2 H 4 O ] 


73. 60 mL of a mixture of nitrous oxide and nitric oxide was 
exploded with excess of hydrogen. If 38 mL of N 2 was 
formed, calculate the volume of each gas in the mixture. 

[Ans. NO = 44 mLandN 20 = 16 mL] 

74. For a precious stone, ‘carat’ is used for specifying its mass. If 1 
carat = 3.168 grains (a unit of mass) and 1 gram = 15.4 grains, 
find the total mass in kilogram of the ring that contains 0.5 
carat diamond and 7 gram gold. 

[Ans. Tlx 10'^ kg] 

75. The density of a gaseous element is 5 times that of oxygen 
under similar conditions. If the molecule of the element is 
triatomic, what will be its atomic mass? 

[Ans. 53.33] 

76. Calculate the number of electrons, protons and neutrons in 1 
mole ofions. 

[Ans. Electrons = 10 x 6.023 x 10^^ 

Protons = 8 X 6.023 x 10^^ 


Neutrons = 8 x 6.023 x 10^^ ] 

77. 600 mL of a mixture of O 2 and 03 weighs 1 gm at NTP. 
Calculate the volume of ozone in the mixture. 

[Ans. 200 mL] 
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Objective Questions 


Set-1: Questions with single correct answer 


15. 


1. The father of modern chemistry is: 

(a) Priestley (b) Lavoisier 

(c) Dalton (d) Mendeleev 

2. A pure substance can only be: 

(a) a compound 

(b) an element * 16. 

(c) an element or a compound 

(d) a heterogeneous mixture 

3. A pure substance which contains only one type of atoms is 
called: 

(a) an element (b) a compound 

(c) a solid (d) a liquid 

4. Which one of the phrases would be incorrect to use? 

(a) A mole of an element (b) A mole of a compound 
(c) An atom of an element (d) An atom of a compound 

5. A symbol not only represents the name of the element but also 
its: 

(a) atomic mass (b) atomic number 

(c) atomicity (d) atomic volume 

6. The credit for the discovery of transuranic elements goes to: 

(a) Hahn (b) Rutherford 

(c) Seaborg (d) Curie 

7. The most abimdant metal in earth’s crust is: 

(a) iron (b) magnesium 

(c) calcium (d) aluminitun 

8. The most abundant element in earth’s crust is; 

(a) hydrogen (b) oxygen (c) nitrogen (d) silicon 

9. Which one of the elements is not found in nature? 

(a) Radium (b) Technetium 

(c) Polonium (d) Helium 

10. Which one of the following is not a compound? 

(a) Marble (b) Ozone 

(c) Carborundum (d) Quicklime 

11. Which one of the following is not an element? 

(a) Diamond (b) Ozone (c) Silica (d) Graphite 

12. The direct change from solid to gaseous state is referred to as: 

(a) dissociation (b) decoimosition 

(c) sublimation (d) deliquescence 

13. Sulphur bums in oxygen to form sulphur dioxide. The 
properties of sulphur dioxide are: 

(a) totally different from sulphur and oxygen 

(b) similar to sulphur 

(c) similar to oxygen 

(d) more similar to sulphur than oxygen 

14. Which one of the following statements is incorrect? 

(a) All elements are homogeneous 

(b) Compounds always contain two or more different elements 

(c) A mixture is not always heterogeneous 

(d) Air is a heterogeneous mixture 


One sample of air is fomd to have 0.03% carbon dioxide and 
another sample 0.02%. This illustrates that; 

(a) air is a compound 

(b) air is an element 

(c) air does not follow the law of constant proportions 

(d) air is a mixture 

Which one of the following is not a mixture? 

(a) Distilled water 

(b) Sugar dissolved in water 

(c) Liquefied Petroleum Gas (LPG) 

(d) Gasoline 

17. Which of the following is a characteristic property of both 
mixtures and compounds? 

(a) Their properties are same as those of their components 

(b) Energy is released when they are formed 

(c) Their masses are equal to the sum of the masses of their 
components 

(d) They contain the components in fixed proportions 

18. Name the scientist who stated that matter can be converted 
into energy: 

(a) Boyle (b) Lavoisier (c) Avogadro (d) Einstein 

19. Which one of the following is not an intensive property? 

(a) Weight (b) Density 

(c) Refractive index (d) Melting point 

20. The metalloid among the following group of elements is; 

(CPMT1993) 

(a) P (b) As (c) A1 (d) Po 

21. Which of the following alloys does contain Cu and Zn? 

(OT1993) 

(a) Bronze (b) Brass 

(c) Type metal (d) Rolled gold 

22. Which metal is present in german silver? 

(a) Copper (b) Iron (c) Silver (d) .Zinc 

23. Which of the following processes results in the fonmtion of a 
new compound? 

(a) Dissolving common salt in water 

(b) Heating water 

(c) Heating platinum rod 

(d) Heating iron rod 

24. Which one of the following is not a chemical change? 

(a) Sublimation (b) Combustion 

(c) Electrolysis (d) Rusting 

25. The law of multiple proportions is illustrated by the pair of 
compounds: 

(a) sodium chloride and sodium bromide 

(b) water and heavy water 

(c) sulphur dioxide and sulphur trioxide 

(d) magnesium hydroxide and magnesium oxide 

26. In compound A, 1.0 g nitrogen combines with 0.57 g oxygen. 
In compound B, 2.0 g nitrogen unite with 2.24 g oxygen and in 
conqjound C, 3.0 g nitrogen combine witii 5.11 g oxygen. 
These results obey the law of: 
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(a) multiple proportions (b) constant proportions 
(c) reciprocal proportions (d) none of these 

27. Which one is the best example of law of conservation of mass? 

(a) 6 g of carbon is heated in vacuum, there is no change in 
mass 

(b) 6 g of carbon combines with 16 g of oxygen to form 22 g 
ofCO, . 

(c) 6 g water is completely converted into steam 

(d) A sample , of air is heated at constant pressure when its 
volume increases'but there is no change in mass 

28. A chemical equation is balanced according to the law of: 

(a) multiple proportions (b) comtant proportions 
(c) reciprocal proportions (d) conservation of mass 

29. SO 2 gas was prepared by (i) biumihg sulphur in oxygen, 
(ii) reacting sodium sulphite with dilute H 2 SO 4 and (iii) 
heating copper with cone. H 2 SO 4 . It was found that in each 
case sulphur and oxygen combined in the ratio of 1 : 1. The 
data illustrates the law of: 

(a) conservation of mass (b) multiple proportions 
(c) constant proportions (d) reciprocal proportions 

30. A sample of CaCOj has Ca = 40%, C = 12% and O = 48%. If 
the law of constant proportions is true, then the mass of Ca in 
5 g of CaCOj from another source will be: 

(a) 2 . 0 g (b) 0 . 2 g (c) 0 . 02 g (d) 20 . 0 g 

31. Potassium combines with two isotopes of chlorine 
(^^Cl and ^’Cl) respectively to form two samples of KCl. 
Their formation follows the law of; 

(a) constant proportions (b) multiple proportions 
(c) reciprocal proportions (d)’ none of these 

32. Different proportions of oxygen in the various oxides of 
nitrogen, prove the law of; 

(a) reciprocal proportions (b) multiple proportions 
(c) constant proportions (d) conservation of mass 

33. One part of an element A combines with two parts of B 
(another element). Six parts of element C combine with four 
parts of element B. If A and C combine together, the ratio of 
their masses will be governed by: 

(a) law of definite proportions 

(b) law of multiple proportions 

(c) law of reciprocal proportions 

(d) law of conservation of mass 

34. H 2 S contains 5.88% hydrogen, H 2 O contains 11.11% hydrogen 
while SO 2 contains 50% sulphur. These figures illustrate the 
law of; - 

(a) conservation of mass (b) constant proportions 

(c) multiple proportions (d) reciprocal proportions 

35. Number of atoms in 4.25 g of NH 3 is: (AFMC 2010) 

(a) 6.023xl(P^ (b) 4x6.023x10^^ 

(c) 1.7x10^'' (d) 4.5x6.023x10^^ 

[Hint: Number of molecules of NH, = — x 6.023 x 10^^ 

- M . 

= —X 6.023x10^ ' 

17 

Number of atom = 4 X X 6.023 X10^^ 

17 

= 6,023x10^^] 


36. Hydrpgen combines with chlorine to form HCl. It also 
combines with sodium to form NaH. If sodium and chlorine 
also combine with each other, they will do so in the ratio of 
their masses as: 

(a) 23 : 35.5 (b) 35.5 : 23 

(c) 1 ; 1 (d) 23 :1 

37. Zinc sulphate contains 22.65% Zn and 43.9% H 2 O. If the law 
of constant proportions is true, then the mass of zinc require 
to give 40 g crystals will be: 

(a) 90.6 g (b) 9.06 g (c) 0.906 g (d) 906 g 

38. 3 g of a hydrocarbon on coipbustion in excess of oxygen 
produces 8.8 g of COj and 5.4 g of H^O. The data illustrates 
the law of: 

(a) conservation of mass (b) rnultiple proportions 

(c) constant proportions (d) reciprocal proportions 

12 

[Hint: Mass of carbon in 8.8 g CO 2 = — x 8.8 = 2.4g; 

44 , 

■ 2 

Mass of hydrogen in 5.4 g H 2 O = — x 5.4 = 0.6 g. 

18 

Total mass of (C + H) = 2.4+ 0 . 6 = 3.0 g] 

39. In the reaction, N 2 + 3 H 2 - > 2 NH 3 , the ratio of volumes of 

nitrogen, hydrogen and ammonia is 1:3: 2. These figures 
illustrate the law of: 

(a) constant proportions (b) Gay-Lussac 

(c) multiple proportions (d) reciprocal proportions 

40. Two volumes of ammonia, on dissociation gave one volume of 
nitrogen and three volumes of hydrogen. How much hydrogen 
will be obtained from the dissociation of 10 litre of NH 3 ? 

(a) 30 litre (b) 10 litre (c) 15 litre (d) 20 litre 

41. If 6 litre of H 2 and 5.6 litre of Clj are mixed and exploded in 
an eudiometer, the volume of HCl formed is: 

(a) 6.0 litre (b) 5.6 litre (c) 11.2 litre (d) 11.6 litre 

42. The law of constant proportions was enunciated by; 

(a) Dalton (b) Berthelot (c) Avogadro (d) Proust 

43. An important postulate of Dalton’s atomic theory is: 

(a) an atom contains electrons, protons and neutrons 

(b) atom can neither be created nor destroyed nor divisible 

(c) all the atoms of aii element are not identical 

(d) all the elements are available in nature in the form of 

o atoms 

44. The atomic masses of the elements are usually fractional because: 

(a) elements consist of impurities 

(b) these are mixtures of allotropes 

(c) these are mixtures of isobars 

(d) these are mixtures of isotopes 

45. The chemical formula of a particular compound represents; 

(a) the size of its molecule 

(b) the siiape of its molecule 

(c) the total number ofatorns in a molecule 

(d) the number of different types of atoms in a molecule 

46. Which one of the following properties of an element is not 
variable? 

(a) Valency (b) Atomic mass 

(c) Equivalent mass (d) All of these 
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47i 1 amu is equal to: 

(a) 1.00758 g (b) 0.000549 g 

(c) L66 X lO”^"* g (d) 6.02 x 10”^^ g 


48i Which one of the following relationships is correct? 

(a) At. mass = 6.4 x Sp. heat. 

(b) At. mass x Sp. heat = 6.4 

(c) At. mass x 6.4 = Sp. heat 

(d) At. mass x Sp. heat x 6.4 = 1 

49i A^g of an element gives A 2 g of its oxide. The equivalent mass 


of the element is: 


(a) 


X 8 


(b) 


X 8 


(c) 


A 2 A^ 


X 8 


(d) (A2-A,)x8 


§0. Ai g of an element gives A 2 g of its chloride; the equivalent 


mass of the element is: 
A, 


(a) 


(c) 


Ai - Ai 


X 35.5 


X 35.5 


(b) 


(d) 


X 35.5 


■ X 35.5 


51. 


52. 


Which one of the relationship is wrong? 

(a) 2 V.D. = Mol. mass 

(b) At. mass = Eq. mass x Valency 

r ^ A* 6.4 

(c) At. mass = 


(d) Valency = 


Sp. heat 
Mol. mass 


Eq. mass 

In m, g of a metal A displaces m 2 g of another metal B from its 
salt solution and if their equivalent masses are and £'2 
respectively, then the equivalent mass of A can be expressed 
as: 


(a) £1 = (b) £; = .^ X £2 

^ mi ^ m2 

(c)£.=^ i^)E,=^2 

£2 V 

53. When the specific heat of a metallic element is 0.214 cal g"', 

the atomic mass will be closest to which one of the following? 
(a) 1 (b) 12 (c) 30 (d) 66’ 

54. Approximate atomic mass of an element is 26.89. If its 

equivalent mass is 8.9, the exact atomic mass of the element is: 
(a) 26.89 (b) 8.9 (c) 17.8 (d) 26.7 

55. When an element forms an oxide in which oxygen is 20% of 

the oxide by mass, the equivalent mass of the element will be: 
(a) 32 (b) 40 (c) 60 (d) 128 

56. 0.32 g of a metal gave on treatment with an acid 112 mL of 
hydrogen at NTP. Calculate equivalent mass of the metal: 

i[ AMU (Engg.) 2010] 

(a) 58 (b 32 (c) 11.2 (d) 24 

[Hint: Mass of metal that displaces 11200 mL hydrogen at STP 
v/iil be ite equivalent mass. 

0.32 

Equi'^aient mass of metal =-x 11200 = 32] 

112 


57 . 74.5 g of a metallic chloride contains 35.5 g of chlorine. The 
equivalent mass of the metal is: 

(a) 19.5 (b) 35.5 (c) 39.0 (d) 78.0 

58. The product of atomic mass and specific heat of any element is 
a constant, approximately 6.4. This is known as: 

(a) Dalton’s law (b) Avogadro’s law 

(c) Gay-Lussac law (d) Dulong Petit’s law 

59. The molecular mass of chloride, MCI, is 74.5. The equivalent 
mass of the metal M will be: 

(a) 39.0 (b) 74.5 

(c) 110.0 (d) 35.5 

[Hint: Mol. mass = At. mass + 35.5 = Eq. mass x valency +35.5, 

Valency of M from the formula MCI is 1] 

60. 1 g of hydrogen is foimd to combine with 80 g of bromine. 1 g 
of calcium combines with 4 g of bromine. The equivalent mass 
of calcium is: 

(a) 10 (b) 20 (c) 40 (d) 80 

61 . 2.8 g of iron displaces 3.2 g of copper from a solution of 
copper sulphate. If the equivalent mass of iron is 28, the 
equivalent mass of copper will be: 

(a) 16 (b) 32 (c) 48 (d) 64 

62 . The specific heat of a metal of atomic mass 32 is likely to be: 

(a) 0.25 (b) 0.24 (c) 0.20 (d) 0.15 . 

63. The equivalent mass of an element is 4. Its chloride has a 
vapour density 59.25. The valency of the element will be: 

(a) 4 (b) 3 (c) 2 (d) 1 

64 . The equivalent mass of iron in the reaction, 

3Fe + 4 H 2 O = Fe 304 + 4 H 2 would be: 

(a) 21 (b) 56 (c) 42 (d) 10 

65 . The specific heat of a bivalent metal is 0.16. The approximate 
equivalent mass of the metal will be: 

(a) 40 (b) 20 (c) 80 (d) 10 

66. A sample of pure calcium weighing 1.35 g was quantitatively 
converted to 1.88 g of pure calcium oxide. Atomic mass of 
calcium would be: 

(a) 20 (b) 40 (c) 16 (d) 35.5 

67. A metal oxide is reduced by heating it in a stream of hydrogen. 
It is found that after complete reduction, 3.15 g of the oxide 
have yielded 1.05 g of the metal. We may conclude that: 

(MLNR1991) 

(a) atomic mass of the metal is 4 

(b) atomic mass of the metal is 8 

(c) equivalent mass of the metal is 4 

(d) equivalent mass of the metal is 8 

68. Compoimds with identical crystal stmcture and analogous 
chemical formula are called: 

(a) isomers (b) isotones 

(c) allotropes (d) isomorphous 

69. Which pair of the following substances is said to be 
isomorphous? 

(a) White vitriol and blue vitriol 

(b) Epsom salt and Glauber’s salt 

(c) Blue vitriol and Glauber’s salt 

(d) White vitriol and epsom salt 
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c mass of chlorioe is 35.5. It has two isotopes of atomic 
15 and 37. The percentage of h^Yieri|sotope is: 

(b) 15 (c) 2(i'' (d) 25 

c mass of boron is 10.81. It has two isotopes with 80% 
3% abundance respectively. The atomic mass of the 
i having 80% abundance is 11.01. The atomic mass of 
ler isotope is: ■ 

.81 (b) 11.01 (c) 10.01 ■ (d) 21.82 

)f chlorine combines with a metal giving 111 g of its 
ie. The chloride is isomorphous with MgClj • 6 H 2 O. The 
: mass of the metal is: 

(b) 30 (c) 40 (d) 69 

ipour density of a volatile chloride of a metal is 59.5 and 
iiivalent mass of the metal is 24. The atomic mass of the 
It will be: 

(b) 48 (c) 24 (d) 12 

xide of an element possesses the molecular formula, 

. If the equivalent mass of the metal is 9, the atomic 
)f the metal will be: 

(b) 18 (c) 9 (d) 4.5 

lolecular mass of a compound having formula MO and 
dent mass 20 is: 

I (b) 40 (c) 28 (d) 20 

aisity of air is 0.001293 g mL"*. Its vapour density is: 

■3 (b) 14.3 (c) 1.43 (d) 0.143 

Divide with the density of hydrogen, /.&, 0.00009 g 

if a substance when vaporised occupy a volume of 5.6 
: NTP. The molecular mass of the substance will be: 

(b) 2M (c) m (d) 4Af 

apour densities of two gases- are in the ratio of 1 : 3. 
molecular masses are in the ratioiof: 

3 (b) 1 :2 (c) 2:3 \ (d) 3 : 1 

ganic compound on analysis was found to contain 
‘4 of sulphur. The molecular mass of the Compound, if its 
ule contains two sulphur atoms, is: 

0 (b) 2000 

'000 (d) 200000 . 

tomic mass of an element is 27. If valency is 3, the 

r density of the volatile chloride tvill be: ; ^ ' 

-.75 (b) 6.675 (c) 667.5' (d) 81 ' 

msity of a gas ‘A’ is three times that of a gas ‘B’. If the 

ular mass of A is M, the molecular mass of S is: 

r (b) M/3 ^ (c) Sm (d) — 

s 

r density of a volatile substance is 4 in comparison to 
le (CH 4 = 1). Ite molecular mass will be: 

(b) 2 ’(c) 64 (d) 128 

e the wrong statement: 
nole means 6.02 x 10 ^^ particles 
olar mass is mass of one molecule 
olar mass is mass of one mole of a substance 
olar mass is molecular mass expressed in grains 
lie of CO, contains: (MLNR1990; CBSE 1993) 


(c) 18.1^ 10^^ molecules of CO 2 

(d) 3 g-atoms of CO 2 

85. Which among the following is the heaviest? 

|PMT (Kerala) 2006| 

(a) One mole of oxygen 

(b) One molecule of sulphur trioxide 

(c) 100 amu of uranium 

(d) 10 moles of hydrogen 

(e) 44 g of carbon dioxide 

86 . The largest number of molecules is in; 

(a) 28 g of CO (b) 46 g of CjHjOH 

(c) 36gofH20 (d) 54 gofN 205 

87. Which of the following has the smallest number of molecules? 

(a) 22 . 4 xl 0 ^mLofCO 2 gas 

(b) 22 g of CO, gas 

(c) 11.2 litre of COj gas 

(d) 0.1 mole of CO 2 gas 

88 . The number of grams of H 2 SO 4 present in 0.25 mole of H 2 SO 4 
is; 

(a) 0.245 (b) 2,45 (c) 24.5 (d) 49.0 

89. Number of molecules in 1 litre of oxygen at NTP is: 

,, 6 . 02 x 10 ^^ 6 . 02 X 10 ^^ 

- (a) - (b) - 

32 22.4 

32 

(c) 32 X 22.4 (d) — 

22.4 

90. 4.6x 10^^ atoms of an element weigh 13.8 g. The atomic mass 
ofthe element is: 

(a) 290 (b) 180 (c) 34.4 (d) 10.4 

91. The number of molecules in 89.6 litre of a gas at NTP are; 

(BHU 1992) 

(a) 602x10^^ (b) 2 x 6.02 xlO^^ 

(c) 3 X 602 X 10^^ (d) 4 x 6.02 x lo’^ 

92. The total number of protons in 10 g of calcium carbonate is; 

• (CPMT1992) 

(a) 3.0115 X 10^'* (b) 15057 X 10^'* 

(c). 2:0478 x-10^'' (4) 4.0956 x 1(P^ 

93. 19,7 kg of gold was recovered from a smuggler. The atoms of 
gold recovered are; (Au = 197) 

(a) 100 (b) 602x10^" 

(c) 602x10^^ (d) 6 . 02 x 10 ^^ 

94. The molecular mass of COj is 44 amu and Avogadro’s number 

is 6,02 X 1Therefore, the mass of one molecule of CO, is: 
(a) 7.31 X 10“^^ (b) 3.65 X 10“^^ 

(c) 101 X lO"-^^ (d) 2.01 X 10^^^ 

95. Equal volumes of different,gases at any definite temperature 
and pressure have: 

(a) equal weights (b) equal masses 

(c) equal densities ' (d) equal mimber of mole.-; 

96. A gaseous mixture contains oxygen and oitrogen in theralio of 
1 : 4 by mass. Therefore, the ratio of tiicii’ number of 
molecules is: 
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m will react with ethyl alcohol to give: 
of hydrogen (b) one mole of oxygen 
ofNaOH (d) 1/2 mole of hydrogen 
an atom of carbon is; 

(b) l,99x 10^“ g 
(d) 1.99x10^^ g 

of moles of H 2 in 0.224 litre of hydrogen gas at 

PWLNR 1994) 

(b) 0.1 (c) , 0.01 (d) 0.001 

af 1 g helium at NTP in litres is: 

(b) 0.56 (c) 2.8 (d) 0.28 

s to contain 1.0 x 10 ^"* particles, the mass of one 
sen is: 

(b) 5.32 g , 

(d) 16.0g 

)f 1 litre capacity each are separately filled with 
[e, O2 and O3. At the same temperature and 
ratio of the number of atoms of these gases 
Terent flasks would be: 

1 ■ (b) 2 : 1 :2 ; 3 

3 (d) 3:2:2: 1 

mperature and pressure, two flasks of equal 
filled with H 2 and'S 02 separately. Particles which 
lumber, in the two flashes are: 

(b) electrons 
:s (d) neutrons 

a mixture of 6.02 x 10 ^^ oxygen atoms and 
ydrogen molecules at NTP is: 

I (b) 33.6 litre 

(d) 22.4 litre 

of molecules present in a drop of water, if its 
)5 mL, are: 

P' (b), 1 . 66 x itf^ 

P (d) 1.66 X lO^'* 

was found to contain nitrogen and oxygen in the 
n 28 g and oxygen 80 g, The formula Of the 

(b)N 203 

(d) N 2 O 4 , . ; 

t formula of a compound containing 50% of 
At, mass = 10) and 50% of the element Y- (At. 
!: fHT 1994) 

(b) X^Y 
(d)X^Y,- , 

ts X (At. mass = 75) and Y (At. mass = 16) 
ive a compound having 75.8% of X. The formula 
pundis: (MLNR'1991) 

. (h) X^Y _ 

(d) ^273 

a certain compound was found to contain iodine 
in the ratio of 254:80. The formula of the 
: (At. mass of I = 127,0 = 16) 

(b) I 2 O 
(d) I 2 O 5 


110. A compound of aluminium and chlorine is composed of 9.0 g 
A1 for every 35.5 g of chlorine. The empirical formula of the 
compound is: 

(a) AlCl (b) AICI 3 (c) AICI 2 (d) AICI 4 

111. The haemoglobin from red corpuscles of most mammels 
contain approximately 0.33% of iron by mass. The molecular 
mass of haemoglobin is 67200. The number of iron atoms in 
each molecule of haemoglobin is: 

(a) 4 (b) 3 (c)2 (d) 1 

112. The percentage of P 2 O 5 in diammonium hydrogen phosphate, 

[(NH4 )2 HPO4 ] is: (CPMT 1992) 

(a) 23.48 (b) 46.96 

(c) 53.78 (d) 71.00 

113. The percentage of nitrogen in urea (NH 2 CONH 2 ), is: 

(a) 38.4 (b) 46.6 (c) 59.1 (d) 61.3 

114. The chloride of a metal has the formula MCI 3 . The formula of 
its phosphate is: 

(a) M 2 P 04 (b) MPO 4 (c) M 3 PO 4 (d) M(P 04)2 

115. 10 g of hydrofluoric acid gas occupies 5.6 litre of volume at 
NTP. If the empirical formula of the gas is HF, then its 
molecular formula will be: (At, mass of F = 19) 

(a) HF (b) HjFj 

(c)H 2 F 2 (d)H 4 F 4 

[Hint: Molecular mass = x 22.4 = 40] 

116. Calcium pyrophosphate is represented by the formula 

Ca 2 P 207 . The molecular formula of ferric.pyrophosphate is: 
(a) Fe 2 P 202 (b) FeP 207 

(c) Fe(P 207)3 (d) Fe 4 (P 207)3 

117. The percentage of available chlorine in a sample of bleaching 
powder, CaOClj • 2 H 2 O, is: 

(a) 30 (b) 50 (c) 43.5 (d) 59.9 

118. SI unit of energy is; 

(a) kg m^ s~^ (b) kg m^‘ 

(c) kg m^ s"' (d) kg s^ 

119. One micro gram is equal to: 

(a) lO"^^ g (b) 10 ' g (c) 10 * g (d) 10 “* g 

120. Significant figures in 0.00051 are: . ^ 

(a) 5 (b) 3 (c) 2 (d) 4 

121. The number of significant figures in 602 x, itf^ is: 

(a) 23 . (b) 3 (C) 4 (d) 26 

122. Express 0.006006 into scientific notation in three significant 

digits:^ ^ 

(a) 6 . 01 x 10 "^ (b) 6.006 x 10 ”^ 

(c) 600xl0“> (d) 6.0x10“^ 

123. The proper value of significant figures in 38.0+ 0.0035 

+ 0.00003 is: . ■ 

(a) 38 (b) 38.0035 

(c) 38.00353 (d) 38.0 

124. Which of the following is the correct unit for measuring 
nuclear radii? 

(a) Micron (b) Millimetre 
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iT to prepare 1 litre normal solution of KMn 04 , how 
jrams of KMn 04 are required if the solution is to be 
I acid medium for oxidation? [PET (MP) 2002| 

8 g {b)31.6g (c)62g (d) 790g 

an oxide of a metal is converted to chloride completely 
Helds 5 g chloride. The equivalent weight of metal is: 

(KCET 2002) 

,25 (b) 3.325 (c) 12 (d) 20 

;r of atoms 558.5 g Fe (At. wt. of Fe = 55.85 g moF’) is: 

(AIEEE 20.02).' 

ice that in 60 g carbon (b) 6.023 x 10^^ 

If that of 8 g He (d) 55&5 x 6023 x 10^^ 
efix 10** is: [MEE (Kerala) 2002] 

p (b) exa ■ (c) kilo (d) nano 


:ga 

mce in density is the basis of: [MEE (Kerala) 2002| 
ra filtration (b) molecular sieving 

ivity separation (d) molecular attraction 

imic absorption 

ictive of the source, pure sample of water a^^j^ jjiis is 

i mass of oxygen and 11.11 % mass of.l^’Kerala) 2002 ] 

red by the law of; 'f 

^ ...lant composition 

nservation of mass inconstant volume 

iltiple proportion 

y-Lussac SjJ.- electron weigh one kilogram? 

■■ [IIT (Screening) 2002] 

1 .«31 


3x10 


,23 


:3x 10 

9.108 


,54 


(b) 


(d) 


9.108 


•xlO* 


1 


9.108 x 6.023 


xl0“ 


he numbers: 161 cm; 0.161 cm; 0.0161 cm. The 
of significant figure for three numbers is: 

[AFMC (Pune) 2002[ 

,5 (b) 3,3,3 (c) 3,3,4 (d) 3,4,4 

me of the following laws directly explains the law of 
ition of mass? (AFMC 2002) 

d’s rule (b) Dalton’s law 

gadro’s law (d) Berzelius hypothesis 

las maximum number of atoms? 

[IIT (Screening) 2003[ 

C(12) (b) 56gFe(56) 

:A1(27) (d) 108gAg(108) 

ich of sulphur is present in an organic compound, if 

ompound gave 1.158 g of BaS 04 on analysis? 

[PET (Kerala) 2005] 
(b)15% (c)20% (d)25% 


.. of Hj and 20 mL of O 2 react to form water, what is 
e end of the reaction? (AFMC 2005) 


137. The density of a liquid is 1;2 g/mL. There are 35 drops in 2 
mL. The number of molecules in one drop (mdar mass of 
liquid = 70) is; 


(a) 

(c) 


12 

35 

L2 


N, 


j 


(35) 




(d)1.2A4 


A. 


(b) 5.^ ,4 

(d) 372X10^^ 


138. A sample of PClj contains 1.4 mole ■* tbe substance. How 
many atoms are there in the sample? tClE (Kerala) 200.4[ 
(a) 4 

(c) 8.43lx 10^^ 

(e) 2.409 x KP'* n • t, 

139. The equivalent weipg t!l^'Sp 04 ^+H^ofs:' ^ ^ 

reaction, NaOH + " 4 [BHU (Pre.) 2005] 

(b)49 (c)25 (d)98 

Only one hydrogen of H 3 PO 4 is replaced, i. e. , its basicity 


= 1 


Equivalent mass = 


Molecular mass _ 98 _ 
Basicity 1 


140. 5.6 g of an organic compound on burning with excess of 

oxygen gave 17.6 g of CO, and 7.2 g H 2 O. The organic 
compound is; [PET (Kerala) 2006[ 

(a) CfiH^ (b) C 4 H 8 (c) CjHg (d) CH 3 COOH 

(e) CH 3 CHO 

141. The decomposition of a certain mass of CaCOj gave 11.2 dm^ 

of CO 2 gas at STP. The mass of KOH required to completely 
neutralise the gas is: (KCET 2006) 

(a)56g (b)28g (c)42g (d) 20 g 

[ Hint: 11.2 dm* of CO 2 at STP = ^ mole CO 2 
KOH + COj-> KHCO3 

mole CO 2 will be neutralised by i mole KOH, i. e, 28 g KOH.] 

142. How many moles of magnesium phosphate, Mg 3 (PO 4 )2 , will 

contain 0.25 mole of oxygen atoms? (AIEEE. 2006,) 

(a) 0.02 (b) 3.125 X 10”^ 

(c) 1.25X lO"”^ (d) 2.5x10’^ 


[Hint: 

8 mole oxygen atoms are present in 1 mole Mg 3 (P 04)2 
0.25 mole oxygen atoms will be present in — x 0.25 mole 


Mg 3 (P 04 ) 2 ,1 e., 3.125 x 10'^ mole Mg 3 (P 04 ) 2 ] 
143. An element, X has the following isotopic composition, 

: 90% 

: 8% 


: 2 % 


the weighted average atomic mass of the naturally- occurring 
element ‘A” is closest to ; |CBSE (Med.) 2007] 

(a)201amu (b)202amu (c)199amu (d)200amu 



G.R.B. Physical Chemistry For Competitions 


ige atomic mass of 


+ 

-^xl99 

1 

— x202 

_ 

L 100 


. 100 J 


5 aimi = 200 amu] 

Statement for 14 g CO is : (VMMC 2007) 

s 2.24 L at NTP 

po-is to — mole of CO 
2 


pond^o same mole of CO and N, 
tnnnds 

r of hydi 
) which ha 


3.01 X 10^^ molecules of CO 

i'gen atoms present in 25.6 g of sucrose 


T molar mass of 342.3 g, is: 


3 (VITEEE 2008) 

0)\9.91 X 10^^ 

(d)44- .uj 

nber ot moic» 

_ Mass , . _ 

Molar mass 342.3 


= 0.075 


roles of hydrogen atom = 0.075 x 22 

toms of hydrogen = 0.075 x 22 x 6.023 x 10^^ 

= 9;5ixl0^^] . 

ipied by one molecule of.rys^ (ddhsity = 1 g/cm^) 
[CBSE-PMT (Pre.) 2008] 

’cm^ (b)5.5xl0‘““cm^ 

^cm^ (d) 6.023 X 10“^^ cm^ 

iss of one molecule =-^ g 

6.023 X 10^^ 

= 2.98xl0’^^g , 

, , M 2.98x10^^^ 3 

Density 1 

= 3xl0'“cm^] 

»cn contains as many atoms as in: (KCET 2008) 
lydrogen (b) 5 g of hydrogen 

lydrogen (d) 1 g of hydrogen 

s consists of uniform cylindrical particles of 150A 
and 5000A long. The specific volume of virus is • 
If the virus is considered to be a single particle, its 
lass is: 

1^ g moP' (b) 7.90 X 10^ g moF' 

f g moP ‘ (d) 9.70 X 1 o’ g raoP ' 

ame of single virus = %r^h 

= 3.14 X (75 X 10“*)’ X (5000 X 10’*) 

= 8.836 xlO"*’cm’ 

. , . Volume 8.836x 10“'’cm’ 

ingle virus =- =-—^- 

Specific volume 0.75 cm’ / g 

= 1,178 X 10“'* g 

ss of virus = 1.178 X 10“'^ x 6.023 x l O” 

= 7.09x10’ gmoP‘3 


149. Common salt obtained from sea-water contains 95% NaCl by 
mass. The approximate number of molecules present in 10 g 
salt is: (DPMT 2009) 

(a) 10 ’' (b) 10 ” 

(c) 10 ” (d) 10 ’'‘ 

95 

[Hint: Mass of NaCl in 10 g salt = lOx— = 9.5 g 

100 

95 

Number of molecules of NaCl = —^ x 6023 x lo” 

58.5 


= 9.78xl0” = 10”] 

150. 10 g hydrogen and 64 g oxygen were filled in a steel vessel 

and exploded. Amount of water produced in this reaction will 

be; [CBSE (PMT) 2009] 

• (a) 3 mol (b) 4 mol 

(c) 1 mol (d) 2 mol 

rTi- . 10 - 64 

[Hint: = 5 - — = 2 

2 H 2 +O 2 ->2H20 


Case I: If is completely consumed then; 


nH20=5mol 

"'•'se 11: If O 2 is completely consumed then 

'V, 2 

- — X 2 = 4 mol 
Since, O 2 gives ic-. 

hence, it is limiting an»unt of product on complete consumption 
equal to 4 .] of moles of water formed will be 

151. An organic compound made ot v, 

nitrogen. What will be its molecular rtffid N contains 20% 
one nitrogen atom in it? | jL^ontains only 

(a) 70 (b) 140 '''«)20091 

(c) 100 (d) 65 

[Hint = 100 

Molecular mass 

14 

20 = —xlOO 


OT = 70] 

152. Given that the abundances of isotopes ’"Fe, ’*Fe and ’’Feare 
5%, 90% and 5% respectively, the atomic mass of Fe is: 

(IIT 2009) 

(a) 55.85 u (b) 55.95 u 

(c) 55.75 u (d) 5A05 u 

[Hint: Atomic mass of Fe = -^x54 + x 56+ -^x57 
100 100 100 

= 55.95 amu] 

153. The number of atoms in 0.1 mol triatomic gas is: 

{N^ = 6.02X 10”mop') JCBSE (PMT) 2010] 

(a) 6.026x10” (b)1.806xl0” 

(c) 3.6x10” (d) 1.8x10” 

[Hint: No. of atoms = 0.1 x 3 x 6.02 x lO” 

= 1.806x10”] 




Basic Princip)-£s 


55 


questions given below may have more 
than one correct answers 

the following relationships are wrong? 

1 - 0.1 bar (b) 1 litre = 1 

0.239 cal (d) 1 eV -9.11 x lO"* J 

)f the following numbCT* have same significant 

3 (b) 0.60 tc) 6.0 (d) 60 

f the following have the same mass? 

nole of Oj gas 

nole of Sp 2 gas 

3x10^ molecules of SO 2 gas 


4. Select the numbers with same significant figures: 

(a) 6.02 X 10^^ (b) 0.25 

(c) 6.60x10“^'' (d) 1.50 

5, Which are isomorphic to each other? 

(a) CuS 04 - 5 H 20 (b) ZnS 04 - 7 H 20 

(c) FeS 04 ' 7 H 20 (d) FeS 04 - 8 H 20 

6 . 11.2 L of a gas at STP weighs 14 g. The gas could be: 

(a) N 2 ■ (b)CO 

(c)N 02 (d)N20 

7, 8 g O 2 has same number of molecules as that in; 

(a) 14gCO (b)7gCO 

(c)llgC 02 (d) 22 gC 02 


4 x 10 ^^ molecules of O 2 gas 

Assertion-Re^f^on TYPE QUESTIONS 


e following questions, two sh^^aients are given as 6, 

A) and ‘Reason’ (R). -«»swer the questions by 
er codes given belo” - 7, 

3 th (A) an'* are correct and (fe) is the correct 
anaF-'O of (A). 

Pth (A) and (R) are correct but (R) is not the correct 8 . 

anation of (A). 

l) is correct and (R) is wrong. 9. 

i) is wrong but (R) is correct. 

Pth (A) and (R) are wrong. 

O 2 and 1 g Oj have equal number of atoms. 10 * 

iS of 1 mole atom is equal to its gram-atomic mass, 
our density of sulphur vapour relative to oxygen is 2 11 ■ 

iuse sulphur atom is twice as heavy as that of oxygen 
n. J 2 . 

our density depends upon the molecular state of the 
stance in vapour state, 
vogram is equal to 1 amu. 

pgram is reciprocal of Avogadro’s number. 13. 

ole H 2 SO 4 contains same mass of oxygen and sulphur. 

ole H 2 SO 4 represents 98 g mass. 

aole oxygen and N 2 have same volume at same 

perature and pressure. 

ole gas at NTP occupies 22.4 litre volume at STP. 


(A) Empirical formula of glucose is HCHO. 

(R) Molecular formula of glucose will also be equal to HCFIO. 

(A) The volume of 1 mole of an ideal gas at 1 bar pressure at 
25°C is 24.78 litre. 

(R) 1 bar = 0.987 atm. 

(A) Atomic weight = Specific heat (cal/mol) x 6.4 

(R) The formula is valid for metals only. 

(A) Number of moles of in 0.224 L of is 0.01 mol. 

(R) 22.4 litres of H 2 at STP contains 6023 x itf ^ n»L 

(AIIMS 1996) 

(A) The equivalent weight of an element is variable. 

(R) The valency of an element is variable. (AlliV'IS 1995) 

(A) The number of significant figures in 507000 is three. 

(R) In 507000, all the zeros are significant. 

(A) Law of conservation of mass is invalid for nuclear fission, 
fusion and disintegration. 

(R)The law proposes that mass is neither created nor 
destroyed in a reaction. 

(A) Mass spectrometer is used for determination of atomic 
mass of isotopes. 

(R) Isotopes are the atoms of same element having same 
atomic number but different mass numbers. 
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Brain Storming Problems 



B3 ECTIVE Questions) for \ lu ASPIRANTS 


ng questions contain single correct option: 
the following table: 


Mass of the compound 
(in grams) taken 

4.4 

2.3 

.O 

1.6 


npound 
1. mass) 

CO 2 (44) 

NO, (46) 

H202(34) 

SO 2 (64) 

two compounds have least mass of oxygen? 

;ular masses of compounds are given in brackets.) 

(EAMCET2004) 

nd IV (b) I and III (c) I and II (d) III and IV 


44 

I. Mass of oxygen presentx 32 : 

44 


^3.2g 


11. Mass of oxygen present ^ 


' 46 
6.8 


x32 = 1 . 6 g 


1 m"' 
nber of nx)les 


22,4 


= 44.6] 


il number of electrons present in 18 mL water (density 
) is: 

3x10^^ (b) 6.023 X 10 ^^ 

3x10^5 (d) 6.023 X 10^' 


6 . 


9 . 


II. Mass of oxygen present=— x 32 = 6.4 g 
34 

V. Mass of oxygen present = — x 32 = 0.8 g 
64 

1IV have least mass of oxygen.] 
osphate of a certain metal M is Mj (PO 4 ) 2 . The correct 
a of metal sulphate would be: 

(804)3 (b)MS04 

(804)2 (d)M2S04 

rcentage of Se in peroxidase enzyme is 0.5% by mass 
: mass of Se = 78.4 amu). Then, the minimum 
liar mass of enzyme which contains not more than one 
n is;- 

18x10“ amu (b) 1.568x IO’amu 

>8x10^ amu (d) 1.568 x 10® amu 

0.5 g Se is present in 100 g enzyme. 10. 

5 Se will be present ™ x 78.4 g enzyme 

= 15680 amu 
= 1.568 x 10 “ amu] 

mber of moles of a gas in 1 m“ of volume at NTP is: 
i (b) 0.446 (c) 1.464 (d) 44.6 

1000 L 
1000 


[Hint: Mass = 18 g 

Number of molecules of H 2 O in 18 g mass = 6.023 x 10^’ 

Number of electrons in 18 g water = 6.023 x , 10^^ x 10 

= 6.023x 10^ * 

Each molecule of water contains 10 electrons.] 

What is the empirical formula of vanadium oxide if 2.74 g of 
metal oxide contains 1.53 g of metal? 

(a)V20j (b)VO (c)V205 

Itiii.k, 


(d)V207 


%ofV = i^x 100=55.83 
2.74 

% of 0 = 44.17 


Element 

V 

o 



Atomic ratio 

Simplest ratio 


55.83 , , 


55.83 


1.1 j 

' 


52 



44.17 

2.76 

44.17 


±iJf = 2.5 


16 

1.1 


V:0 = 2:5 



Thus, empirical fomiula = V 2 O 5 ] 

7. Number of moles of electrons in 4.2 g of N^~ ion (nitride ion) 
is: 

(a) 3 (b)2 (c)1.5 (d)4.2 

8 . The ratio of volumes occupied by 1 mole Oj and 1 mole COj 
under identical conditions of temperature and pressure is; 

(a) 1:1 (b)l;2 (c)l.;3 (d)2:l 

The maximum amount of BaS 04 that can be obtained on 
mixing 0.5 mole BaClj with 1 mole H 2 SO 4 is: 

(a) 0.5 mol (b) 0.1 mol (c) 0.15 mol (d) 0.2 mol 

[Hint: H 2 SO 4 + BaC^-> BaS 04 + 2HC1 

0.5 mole BaCl 2 will react with 0.5 mole H 2 SO 4 to give 0.5 mole 
BaS 04 ] 

If 10^' molecules are removed from 100 mg CO 2 , then number 
of moles of COj left are: 

(a) 6 . 10 x 10 ^ (b) 2 . 8 xl 0 ”^- 

(c) 2.28x10-^ (d) 1.36x10"^ 

[Hint: Number of molecules in 100 mg COj 
Mass 

= —^-X 6 023 X 10^^ 

Molar mass 

0.1 


44 


X 6.023 X 10^^ 


,21 


= 1.368 xlO*' 
Molecules remaining = 1.368 x 10^' - 10^' 
0.368 X 10^* 


Number of moles remaining ^ 


6.023 X 10- 


,23 


= 0.368x10^ 


= 6.1x 10“ 
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on one gram ion of Al^'^ ion is: 

: e coulomb (b) ^ x x e coulomb 


e coulomb (d) 3 x x e coulomb 

; gram ion of Al^^ means one mole ion of Al^'*'. 
mole Al^^ = 3 X e X coulomb.] 

lass of N 2 O as well as CO 2 is 44 g mor’. At 25°C 
ressure, 1 L N 2 O contains n molecules of gas. The 
ZO 2 molecules in 2 L under same conditions will 


(b) 2 n (c)” (d)” 

2 4 

is dissolved in 1 L water. The number of ions of 
^ in 1 mL of this solution will be: 

1 ” (b) 12 X 10^^ (c) 12 X 10^“ W X 10^“ 


nber of molea of iNaCl 

Mass _ 5.85 
Molar mass 58.5 


ms(Na'" + Cr)inlL 

= 2x0.1x6.023x10^^ 


= 12.046 X 10^ 


)ns in 1 mL: 


12.046 X tO'^ 
1000 


: 1.2x 10^“] 


de has the formula 2 ^ 263 . It can be reduced by 
give free metal and water. 0.1596 g of metal oxide 
g of hydrogen for complete reduction. The atomic 
al in amu is: 

(b) 155.8 (c)5,58 (d) 55.8 

jOj + 3H2-1 IX + 3H2O 

noI 3 mol 

48) g 6g 

l 2 is required by 0.1596 g oxide 
ill be required by 159.6 g oxide 
2fl+ 48 = 159-4 
a = 55.8 
Somic mass of metal M. ] 

(PH 3 ) decomposes to produce vapours of 
and H 2 gas. What will be the change in volume 
L of phosphine is decomposed? 

(b) 500 mL 
(d)-500mL 

PH3(g)-^P4fe)+6H2(g) 

4 mL ->lmL 6 mL 

■ 100 6 

10 mL ->- — xlOO 

4 4 

10 mL - ^ 25 mL 150 mL 

ases by 75 mL.] 

neutron is assumed to half of its original value, 
t of proton is assumed to be twice of its original 
he atomic mass of ’^ C will be: 


[Hint: In the isotope 'gC: Number of protons = 6 

Number of neutrons = 8 

New atomic mass will be = 2x6 + ix 8 = 16 

2 

% Increase in mass = —— x 100 = 14.28% ] 

14 ^ 

17. The mass and charge of 1 mole electrons will be: 

(a) 1 kg; 96500 C (b) 0.55 mg; 96500 C 

(c) 1.55 mg; 96500 C (d) 5.5 mg; 96500 C 


The simplest formula of the compound containing 50% .Y 
(atomic mass 10 amu) and 50% Y (atomic mass 20 amu) is; 

(a)XY2 (]:))X2Y 

{6)X2Y2 

{d)xr- 

[Hint: Element 

0 1. 

^lumic ratio 

Simplest ratio 

y 

50 


A-2 

A. 

10 

2.5 

Y 

50 

il 

0 1 0 

^ 1 
ij\ 1 

II 


19. 


20 . 


21 . 


Formula = JfjT] 

Rest mass of 1 mole neutrons (/«„ = 1.675 x 10“^^ kg) is: 
(a) 1.8 x 10 "^ kg (b) 1.008 x 10 ^ kg 

(c) 1.08 X 10“^ kg (d) 1.008 x 10"^ kg 

[Hint; .Mass of 1 mole neutrons 

= 1.675 X 10"” X 6.023 X 10^^ 

= 1.008 X 10“^ kg] 


Loschmidt number is the number of: 

(a) molecules present in 1 mL of a gas at STP 

(b) molecules present in 1 gram mole of a gas at STP 

(c) atoms present in 1 mL of a gas at STP 

(d) atoms present in 1 gram mole of a gas at STP 
Which of the following statements is incorrect? 


(b) One mole of CH 4 and 17 g of NHj at NTP occupy same 
volume 

(c) One mole Ag weighs more than that of two moles of Ca 

(d) One gram mole of COj is 6.023 x 10^^ times heavier than 
one molecule of CO 2 

One atom of an element "X weighs 6.664 x 10"^^ gm. The 
number of gram atoms in 40 kg of it is: 

(a) 10 (b) 100 (c) 10000 (d) 1000 

The density of a liquid is 1.2 g/mL. There are 35 drops in 2 
mL. The number of molecules in 1 drop is (molecular weight 
of liquid = 70): 

(c)^A, (d) 1 . 2 A, 

(35) 

2 

[ R ■ Volume of one drop = — mL 

35 . 

2x V2 12 

Number of moles in one drop=-^ ^ 
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molecules in one drop ■ 


L2 

(35)- 


xiVJ 


ne of a liquid will contain 4 mole? Molar mass of 
0 and its density is 1.4 g/mL: 

(b) 1 .6 L (c) 0.8 L (d) 4.8 x 10^^ L 
t X L liquid contain 4 mole of it. 

Mass 


ber of moles 


Molar mass 


4 = 

X = 


a: X 1000x1.4 


280 
4x280 
1.4 X 1000 


= 0.8L] 


ratio of Fe^”^ to in a mixture of FeS 04 and 
having equal number of sulphate ions in both 
I ferric sulphates is: 

(b) 3 :2 

(d) none of these 
SO 4 -> Fe^’" + SOf 


04)3-> 2Fe^’' + 3 SO^ 

mole SOj" ions are furnished by both FeS 04 and 


moles of Fe^'^ =x 

moles of Fe^ = — x 
3 

:Fe^+ ■:x:-x 
3' 


= 3:2] 

f electrons present in 3.6 mg of NHj are: 

(b) 1 . 2 x 10 ^° (c) 1 . 2 x 10 ^^ (d) 2 xl 0 -^ 
umber of electrons in one ion of NHj = 10 
ions in 3.6 mg NHj 


= M^ii^x6.023x 10 “= 1.2x 10^® 
18 


ber in 3.6 mgNHj = 1.2 x 10 “ x Ifl 


= l. 2 xl 0 ^'l 


:tion 4^ + 25 + 3c-> A^B 2 C^, what will be the 

moles of product formed, starting from one mole of 
le of B and 0.72 mole of C? ' 

(b)0.3 (c)0.24 (d)2.32 


A + 25 + .3C 

nol 0.6 mol 0.72 mol 


■ AS,C, 


sent case, reactant ‘C’ will be the limiting reactant 
will give least amount of product on being completely 


pves 1 mol product^ 

‘ C’ will give 0.24 mol of product.] 

'f Na 2 S 04 -nH 20 contains 12.6 gm of water. The 
’is: ■ 

/"f- \ y. ^ _ 


[Hint: Na 2 S 04 -nH, 0 ° 

Molar mass = {142 + 18«) 

Mass of water = ^ x (142 + 18«) 

26.8 

18b = —'x(142+ 18k) 

26.8 

« = 7] 

29. Consider the following data: 

Element Atomic weight 

A 12.01 

B ■ 35.5 

A and B combine to form a new substance A. If 4 moles of B 
combine with 1 mole of A to give 1 mole of X, then the weight 
of 1 mole of X is; 

(a) 154 g (b) 74 g (c) 47.5 g (d) 160 g 

30. How many moles of Na^ ionsarein 20 mLof 0 . 4 AfNa 3 P 04 ? 

(a) 0.008 (b) 0.024 (c) 0.05 (d) 0.20 

rif * XT f 1 CXI DfX 0.4x20 

[Hint: No. ofmoles ofNaiPOi =-=- 

1000 1000 

= 0.008 

Number of moles of Na”*” = 3 x Number of moles of Na 3 P 04 
= 3 X 0.008 = 0.024] 

31. The element whose one atom has mass of 1086 x 10“^® kg is; 

(a) boron (b) calcium (c) silver (d) zinc 

32. An electric discharge is passed through a mixture containing 
50 cc of Oj and 50 cc of H 2 . The volume of the gases formed 
(i) at room temperature, (ii) at 110°C will be; 

(a) (i) 25 cc (ii) 50 cc (b) (i) 50 cc (ii) 75 cc 

(c) (i) 25 cc (ii) 75 cc (d) (i) 75 cc (ii) 75 cc 

[Hint: 2 H 2 (g)+ 02 (g)-» 2 H 2 O 

50 cc H 2 will combine with 25 cc O 2 to form 50 cc HjO 
Oj left = 25 cc 

At room temperature, H 2 O will be in liquid state but at 110°.C, it 
will be gaseous. Thus, volume of gases at 25“C and 110°C will be 
25 cc and 75 cc respectively.] 

33. The mass of carbon present in 0.5 mole of K 4 [Fe(CN)g] is: 

(a)1.8g (b)18g (c)3.6g (d)36g 

[Hint: 1 moleofK4[Fe(CN)g]contains6molecarbon,i.e,72g 
carbon.] 

34. Caffeine has a molecular weight of 194. If it contains 28.9% 
by mass of nitrogen, number of atoms of nitrogen in one 
molecule of caffeine is; 

(a) 4 (b) 6 (c) 2 (d) 3 

28 9 

[Hint: Mass of nitrogen in 194 amu caffeine = x 194 

= 56 amu 

.-. One molecule of caffeine will contain 4 atoms of nitrogen.] 

35. Chlorine can be prepared by reacting HCl with Mn 02 . The 
reaction is represented by the equation, 

Mn02(s) + 4HC1(<2^.) —^ Cljfg) + MnCljCa^.) + 2H20(/) 

Assuming that the reaction goes to completion, what mass of 
cone. HCl solution (36% HCl by mass) is needed to produce 2.5 g 
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36. What is the mass per cent of oxygen in Al 2 (S 04 ) 3 - 18 H 20 ? 
The molar mass of this substance is 666.43 g/mol; 

(a) 9.60 (b) 28.8 (c) 43.2 (d) 72 

37. 0.25 g of an element ‘AT reacts with excess fluorine to produce 
0.547 g of the hexafluoride MF^. What is the element? 

(a) Cr (b) Mo (c) S (d) Te 

38. How many electrons are present in 2 x 10"^ moles of' gO^"? 

(a) 1.2x10^’ (b)9.6x 10^' (c) 1.2x10^^ (d) 1.9x10^^ 

39. Fluorine reacts with uranium to form UF^. 

U(5)+3F2(g)- >\JF,(g) 

How many fluorine molecules are required to produce 2 mg of 
UFj from an excess of uranium? The molar mass of UF^ is 352 

g moF*. 

(a) 3.4x10'* (b)lxlo'V (c) 2 x 10 '^ (d) 3 . 4 x 10 ^' 


40. What is the formula of a substance with mass percentages of 
35.79% for S, 62.92% for O and 1.13% for H? 

(a) H 2 SO 3 (b) H 2 SO 4 (c) H 2 S 2 O 7 (d) H 2 S 2 O 8 

41. In 1811, Avogadro calculated the formula of camphor by 
means of elemental chemical analysis and by measuring the 
density of its vapour. Avogadro found the density to be 3.84 
g/L when he made the measurement at 210°C at 1 atm 
pressure. Which of the following is the correct formula of 
camphor? 

(a) C 10 HJ 4 O (b) CiqHjjO (c) CJQH 15 O 2 (d) C|gH|gO 
(e) None of these 
[Hint: Pm = dRT 

dRT 3.84 X 0.0821 x 483 , 

m = -=- =152.27 

P 1 


42. 

43. 


.•. CigHigO will be the correct formula.] 

A quantity of aluminium has a mass of 54 g. What is the mass 
of same number of magnesium atoms? 

(a) 12.1 g (b)24.3g (c)48.6g (d)97.2g 

When 1 L of CO 2 is heated with graphite, the volume of the 
gases collected is 1,5 L. Calculate the number of moles of CO 
produced at STP: 


(a) 


(b)- 


1 


11.2 ' ' 22.4 

[Hint: C 02 fe)+C( 5 ) 


22.4 

2CO(g) 


(d) 


14 

22.4 


1 -X 2 x 


Total volume = l- x+2x- = l + jt: = 
x = 0.5 L 

Volume of CO = 2 X 0.5 = 1 L 
1 ,■ 


1.5 


Number of moles of CO = 


22.4 


44. Which of the following has greatest number of atoms? 

(a) 1 g of butane (C 4 H,o) (b) 1 g of nitrogen (N 2 ) 

(c) 1 g of silver (Ag) (d) 1 g of water (H 2 O) 

45. A metal oxide has the formula MjO 3 . It can be reduced by H 2 

to give free metal and water. 0.1596 g of M 2 O 3 required 6 mg 
0 FH 2 for complete reduction. The atomic mass of the metal is: 
(a)’ 27.9 (b) 79.8 

(c) 55.8 (d) 159.8 

[Hint: M 2 O 3 + ^ 2 Af+ 3 H 20 

(2x + 48)g 6 g _ 


X = Atomic mass of metal 
0.006 g Hj reduces 0.1596 g 

6 g H 2 will reduce x 6 gAfjO, = 159.6 MjO, 

6 2 pQg 6 2 3 2 3 

2x + 48 = 159.6 
2 x= 111.6 
x = 55.8] 

46. In a compound of molecular formula 

(a) number of equivalents of A, B and A„B„ are same 

(b) number of mofes of A, B and A„B„ are same 

(c) m X moles of 4 = n x moles of B = {m+ n)x moles of 

(d) K X moles of 4 = m x moles of B = {m+ n)x moles of 

47. 4.4 g of CO 2 and 2.24 litre of H 2 at STP are mixed in a 
container. The total number of molecules present in the 
container will be: 

(a) 6.022 X itf^ (b) L2044 x 10^^ 

(c) 6023 X 10 “ (d) 6023 x kP 

48. A partially dried clay mineral contains 8 % water. The original 
sample contained 12% water and 45% silica. The % of silica in 
the partially dried sample is nearly: 


(a) ? 0 % 

(b) 49% 


(c) 55% 

(d) 47% 


[Hint: Initial stage: 

Clay Silica 

Water 


43% 45% 

12 % 

Final stage: 

(92 - x) X 

8 % 


Ratio of silica and clay will remain constant, before and after 
drying. 

45 X 

43~92-x 
X = 47%] 

49. Which of the following is isomorphous with MgS 04 • 7 H 2 O ? 

(a) Green vitriol (b) Blue vitriol 

(c) Red vitriol (d) Vitriol of mass 

50. In the reaction; 

CO + io,->C02; N 2 + 0 ,- -»2N0 

10 mL of mixture containing r«oon monoxide and nitropn 
required 7 mL oxygen to fonn CO 2 and NO, on combustion. 
The volume of N 2 in the mixture will be: 

(a) 7/2mL t'on7/2mL (c)4mL (d) 7 mL 

[ Hint: CO{g) + I Ojlg)-> COjfe) 

xn 

Njlgl+Ojli')->2NO(g) 

y y 

X + y = 10 •••(!) 

f+y=7 ■••(«) 

2 

Solving eqs. (i) and (ii), 

x = 6 ■ and y = 4] 

51. 1.44 g of titanium (Ti) reacted with excess of O 2 and produced 

X gm of a nonstoichiometric compound Ti, 44 O 1 . The value of 
X is: ,'v ■' 
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(b) 1.77 Following questions may have more ihan one correct options: 


(d) None of these ' j 

lie reaction: 

Ti + 02 > Ti|440| . 2_ 

loles of titanium = Number of moles of Ti [ .«o, 

1.44 ^ X 
48 ~ 48x1.44+ 16 

x=1.77g] 3 . 

le of 75% alcohol by mass {d = 0.8 g/cm^) must be 
pare 150 cc of 30% alcohol by mass (d = 0.9 4_ 

L (b) 56.25 mL 

(d) 33.56 mL 

F mL of alcohol was used. S. 

75 30 

— xFx0.8 = -^xl50x0.9 
100 100 

F= 67.5 mL] , 


11.2 L of a gas at STP weighs 14 g. The gas could be: 

(a)N20 (b)NO, (c)N2 (d)Cp 

In which of the following pairs do 1 g of each have an equal 
number of molecules? 

(a)N20andCO (b)N 2 andC 302 

(c) Nj and CO (d) N2O and GO2 

8 g of oxygen has the same number of molecules as in; 
(a)llgC02 (b)22gC02 (c)7gCO (d)14gCO 
Which of the following has three significant figures? 

(a) 6.02x10^’ (b)0.25 

(c) 6.60x10““ (d)L50 

1 moleof “jN^' ions contains: 

(a) 7 X 6.023 x 10^^ electrons (b) 7 x 6.023 x 10^^ protons 
(c) 7 X 6.023 X 10^^ neutrons (d) 14 x 6023 x itf^ protons 
1 g atom of nitrogen represents: 

(a) 14 g nitrogen 

(b) 11.2 litre of N2 at NTP 

(c) 22.4 litre ofNj at NTP 

(d) 6.023 X 10^^ molecules of N2 




ect option 


2. 

(b) 

3. (a) 

4. 

(d) 

10. 

(a) 

11. (d) 

12. 

(b) 

18. 

(b) 

19. (d) 

20. 

(a) 

26. 

(a) 

27. (c) 

28. 

(d) 

34. 

(a) 

35. (b) 

36. 

(d) 

42. 

(c) 

43. (c) 

44. 

(a) 

50. 

.(c) . 

51. (b) 

- 52. 

(c) 


e than one correct options 

2. (c, d) 3. (a, c) 4, (a, c, d) 


5. (b) 

6. (c) 

7- (a) 

8. (a) 

13. (c) 

.14. (d) 

15. (c) 

16. (b) 

21. (a) 

22. (d) 

23. (c) 

24. (c) 

29. (a) 

30. (b) 

■ 31. (d) 

32. (c) 

37. (b) 

38. (c) 

39. (b) 

40. (c) 

45. (c) 

" 46. (a) 

47. (b) 

48. (d) 


5. (b,'c) 6. (a) 
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Integer Answer TYPE QUESTIONS 


o each of the following questions is a 
teger, ranging from 0 to 9. If the correct 
estion numbers X, Y, Z and W (say) are 
respectively, then the correct darkening 
11 look like the given figure. 


X Y 


Z W 

® ® (D ® 
@ ® @ @ 

,® ® ® ® 
@@®® 
® © ® ® 
® © ® ® 
@ @ @ ® 
® ® ® ® 


ous alkane (C„H 2 „+ 2 )exploded with oxygen. The 
j of ©2 used and CO 2 formed are in the ratio of 7 : 4. 
s the value of n. 


C„H2„+2 + 


n + 



nC02 + («+l)H20 


n + 


(”+l) 

2 


n 


7 

4 


n = 2 ] 

many atoms do a mercury vapour molecule consist of, if 
pour density of mercury vapour relative to air is 6.92? 
ic mass of mercury is 200). The average molar mass of 
19 g/mol. 

Vapour density of Hg vapour _ Molar mass of Hg 
Vapour density of air Molar mass of Air 
6.92 _ m 

m = 200 g/mol 

mass is same as that of atomic mass hence mercury vapour 
B monoatomic mercury.] 

lole of an element contains 4.2 x lO^'* electrons. What is 
raiic number of the element? 

romolecule of iron has molar mass 2800 amu, it contains 
in by mass. The number of iron atom in one formula unit 
macromolecule is: 

; Number of iron atoms in one formula unit of compound 

% Molecular mass 8 2800 ,, 

= -X-—-.= — X -= 4 ] 

100 Atomic mass 100 56 

js of ‘A’ and 10 moles of ‘B’ are mixed and allowed to 
iccording to the equation : 

A+3B -> 2C 

nany molqs of C are present when there are 4 moles of ^ 
container? 

nany water molecules will be there in 3x10 g sample 
er? 


8 . 

9. 

10 . 


11 . 

12 . 

13. 


14. 


5 g Hj is allowed to react with 14 g Nj for the following 
reaction: 

N2(g)+3H2(g)->2NH3(g) 

What mass of H 2 will be left unreacted at the end of reaction? 
[Hint :N 2 is limiting reactant, thus 14 g N, * 2 g NH 3 

and xg Hj remains unreacted. 

Mass before reaction = Mass after reaction 
(5+14) = (17 + x) 

X = 2 g ] 

Calculate the number of moles of water in 976 g BaCl 2 • 2 H 2 O. 
If Avogadro’s number be 3.01x 10^^ then the atomic mass of 
carbon will be: 

How many moles otR will be produced when 8 mol ofP and 5 
mol of Q are allowed to react according to the equation ; 

2P + Q - 

The mass of 1X 10^^ molecules of blue vitriol (CUSO 4 -xHjO) 
is 4.144 g. The value of ‘x’ will be: 

What will be the mass (in kg) of 7.298 x lO'’ mol electrons? 
Silver (Atomic weight = 108 g mof’) has a density of 10.5 g 
cm“^. The number of silver atoms on a surface area of 1 
can be expressed in scientific notation as y x 1 ®. The value of 
xis: (1IT2010) 

[Hint: Mass of 1 cm^ Ag = 1 10.5 g 


Number of atoms ^ 


10.5 


108 

Number of atoms in 1 cm 


X 6.023x10^^ 
10.5 


Number of atoms in 1 cm" = 


108 

10.5 

108 


X 6.023x10 


,23 


1/3 


l2/3 


X 6.023x10’ 


,23 


Number of atoms in 10 ^m^ or 10 * cm^ 


10 5 1-1 

— X 6.023x10^^ 
108 


n2/3 


X 10 “'* = 1.5x10’] 


A student performs a titration with different burettes and finds 

litre values of 25.2 mL, 25.25 mL and 25.0 mL. The number of 

significant figures in average tifre value is: . (IIT 2010) 

r„. A , 25.2+25.25 + 25.0 

[Hint: Average litre value =-- 


75.45 75.4 


= 25.1 


3 3 

(In addition, result is reported upto least place of decimal)] 



2. (1) 3. (7) 4. (4) 5. (4) 6 . (1) 7. (2) 8 . ( 8 ) 
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''•W Linked Comprehension Type Questions 


1 


y, ‘mole’ is an essential tool for the chemical 
t is a basic SI unit adopted by the lAth general 
mights and measurements in 1971. ^4 mole contains 
itary particles as the number of atoms present in 12 g 
of a gas at STP occupies 22.4 litre volume. Molar 
Ids and liquids is not definite. Molar mass of a 
o called gram-atomic mass or gram molar mass. The 
g of mole is plenty, heap or the collection of large 
le of a substance contains 6.023 x 10^^ elementary 
om or molecule. Atomic mass unit {amu ) is the unit of 
g., atomic mass of single carbon is I2amu. 
lowing questions: 

5 of one amu is approximately: 

(b)0.5g 

10-^''g (cl)3.2x 10“^''g 

jf a gas at STP are found to have a mass of 22 g. The 
r mass of the gas is: 

(b)44. (c )88 (d)33 

5 of one molecule of water is approximately: 

(b) 0.5 g 

10'"^'' g (d) 3,2 X 10-^2^ g 

ty atoms are present in 49 g of H 2 SO 4 ? 

023x 10“ (b) 5 X 6.023 X 10^^. 

023x 10“ (d) 7x 3,02x 10 “ 

s at STP contains 3 x 10“ molecules. The number of 
5 in X L ozone at STP will be: 

“ (b) 4xl0“ (c) 6.02 X 10 “ (d) 3 X 10^'* 

Iro’s number is 1 x 10“ mol '* then the mass of one 
xygen would be: 

nu (b) 16 X 6.02 amu 

1 (d) 16 X 10““ amu 

the Avogadro’s number then number of valence 
.n4.8g ofO^" is: 

, (b)4.2i^^ (c)1.6iV^ (d)3.2iV^ 


2 

‘he atoms of same element; they have same atomic 
rent mass numbers. Isotopes have different number 
teir nucleus. If an element exists in two isotope.s 
asses ‘a' and ‘b' in the ratio m: n, then average 

, m X fl + n X 6 

be ---. 

m + n 

7pes of same element have same position in the 
he elements which have single isotope are called 
nents. Greater is the percentage composition of an 


Answer the following questions: 

1 . The isotopes of chlorine with mass number 35 and 37 exist in 

the ratio of.Its average atomic mass is 35.5. 

(a) 1:1 (b)2:l (c)3:l (d)3:2 

2. Which of the following isotopes is/are used to decide the scale 
of atomic mass? 

(a) ’ 2 C (b) ^tC (c) ‘|0 (d) 

3. Atomic mass of boron is 10.81. It has two isotopes namely 
'jBand 5 B with their relative abundance of 8 OV 0 and 20% 
respectively. The value of x is: 

(a) 10.05 (b) 10 (c) 10.01 (d) 10.02 

4. The ratio of the mass of C atom to that of an atom of element 
JSf (whose atomicity is four) is 1:9. The moleculai mass of 
element X is: 

(a) 480 g mor' (b) 432 g mol'* 

(c) 36 g mor* (d) 84 g mol“‘ 

5. '^Cand isotopes are found as 98% and 2% respecively in 
any sample. Then, the number of ’''c atoms in 12 g of the 
sample will be: 

(a) 1.5 mole atoms (b) 1.032x 10^^ atoms 

(c) 2.06 X 10^' atoms (d) 2 g atoms 

• Passage 3 

Empiricalformula is the simplestformula of the compound which 
gives the atomic ratio of various elements present in one molecule of 
the compoun l. However, the molecular formula of the compound 
gives the number of atoms of various elements present in one 
molecule of the compound. 

Molecular formula = (Empirical formula) x n 

Molecular mass 

n - - 

Empirical formula mass 

A compound may have same empirical and molecular formulae. 
Both these formulae are calculated by using percentage composition 
of constituent elements. 

Answer the following questions: 

1. Two metallic oxides contain 27.6% and 30% oxygen 
respectively. If the formula of first oxide is M 3 O 4 , that of 
second will be: 

(a) MO (b)M 02 (c)M 205 (d)M 203 

2 . Which of the following compounds have same empirical 
formula? 

(a) Formaldehyde (b) Glucose 

(c) Sucrose (d) Acetic acid 

3. Which of the following represents the formula of a substance 
which contains 50% oxygen? 

(a)N 20 (b)C 02 

(c) NO 2 (d) CH 3 OH 

4. An oxide of iodine (I = 127) contains 25.4 g of iodine and 8 g 
of oxygen. Its formula could be; 

(a) I 2 O 3 (b) I 2 O 

(C)l 205 (d)l 207 
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irofluoric acid gas occupies 5.6 litres of volume at 
e empirical formula of the gas is HF, then its 
formula in the gaseous state will be; 

(b)H2F2 WHjFj (d)H4F4 
'species having different percentage composition of 

)OH and CgHijOg (b) CH 3 COOH and C 2 H 5 OH 
CH 3 and HCOOH (d) C 2 H 5 OH and CH 3 OCH 3 
nd of Na, C and O contains 0.0887 nrol Na, 0.132 
2.65 X 10^^ atoms of carbon. The empirical formula 
jpound is; 

(b) Na 3 C 50 j 

^3 (d)Naoos87C2g5j^,Q220o.l32 

4 

loids are extracted from the extracts of the plants 
na. Marijuana owes its activity to tetrahydro 
lich contains 70% as many as carbon atoms as 
f and 15 times as many hydrogen atoms as oxygen 
m of tetrahydro cannabinol is 0.00318. 
lowing questions: 
u mass of the compound is: 
mu (b)314amu (c)143amu (d) 341 amu 

ir formula of the compound is: 

30 O 2 (b)C2,H,403 

4 gO (d) none of these 

of oxygen atoms in 1 mol of the tetrahydro 
lol is: 

(b)N^ (c)3Ar^ (d)4iY^ 

= 6.023 X 10^^ 

ge composition of carbon in the compound is: 

.% (b) 70.85% (c) 80.25% (d) 59.64% 

sS 

sity of a compound is defined as the ratio of mass of a 

' of gas to the mass of the same volume of hydrogen 

tical conditions of temperature and pressure. 

_ Mass of certain volume ofgas (22.4 L) at STP 

Mass of same volume ofH 2 gas (22.4 L)at STP 

_ Mw 
~~ 

tlecular mass of gas = Vapour density x 2 
' is a unitless quantity; it is unaffected by variation of 
id pressure. 

Howing questions:. 

density of a metal chloride ;is 66 . Its oxide contains 
tal. The atomic mass of the metal is: 

(b) 54 (c) 27.06 (d) 2.086 

Number of equivalents = Number of equivalents 
of metal of oxygen 

- £■ “ 8 
£ = 9,02 


Molecular formula of metal chloride = MCI,, 

Molecular mass = [n x 9.02 + « x 35.5]= 132 

n = 3 

Atomic mass of metal = 3 x 9.02 = 27.06] 

2. The vapour density of a mixture containing NO 2 and N 2 O 4 is 

38.3 at 27°C. The moles of NO 2 in 100 moles of mixture are: 

(a) 33.48 (b) 53.52 (c) 38.3 (d) 76.6 

3. At STP, 5.6 litre of a gas weighs 60 g. The vapour density of 
gas is; 

. (a) 60 (b) 120 (c) 30 (d) 240 

4. Which of the following two substances have same vapour 
density? 

(a) Glucose (b) Fructose (c) Sucrose (d) Starch 

5. Let NH 4 HS(s) is heated in a closed vessel to decompose. 

NH4HS(.?)^Y NHjIg) + H2S(g) 

The vapour density of the mixture will be; 

(a) equal to that of NH 4 HS 

(b) lesser than that of NH4HS 

(c) greater than that of NH4HS 

(d) cannot be predicted 

• Passage 6 

Precision refers to the closeness of a set of values obtained for 
identical measurement of a quantity. Precision depends on the 
limitations of measuring devices and the skills with which it is used. 
However, accuracy refers to the closeness of a single measurement to 
its true value. 

The digits in a properly recorded measurement are known as 
significant figures. These are meaningful digits in a measured or 
calculated quantity. The greater the number of significant figures in 
a reported result, smaller is the uncertainty and greater is the 
precision. The zeros at the beginning are not counted. The zeros to 
the right of a decimal point are counted. In the numbers that do not 
contain a decimal point, "trailing ” zeros may or may not be 
significant. The purpose ofzeros at the end of a number is to convey 
the correct range of uncertainty. 

Answer the following questions: 

1 • If repeated measurements give values close to one another, the 
number is: 

(a) surely precise (b) surely accurate 

(c) surely precise and accurate (d) all of these are correct 

2. The number of significant figures in a measured number 
contains how many uncertain number of digits? 

(a) Zero (b) 1 

(c) 2 (d) Cannot be predicted 

3. In the number 2.4560, there are 5 significant digits. Which one 
is the least significant digit? 

(a) 2 (b) 4 (c) 0 (d) 6 

4. if we add 296.2 and 2.256, we get the answer as 298.456 g. 
The number of significant figures in the result are: 

(a )6 (b)5 (c)4 (d)3 

_ 5. In which of the following numbers, all the zeros are not 
significant? 

tatnnnin rs'innninn tr'ifinniono rn'innm 
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Passage 1. 

1. (c) 

2. (c) 

3. (d) 

4. (d) 

5. (a) 

6. (c) 

7. (a) 

Passage 2. 

1. (c) 

2. (a.c) 

3. (b) 

4. (b) 

5. (b) 



Passage 3. 

1. (d) 

2. (a, b) 

3. (d) 

4. (c) 

5. (b) 

6. (b,c) 

7. (a) 

Passage 4. 

1. (b) 

2. (a) 

3. (a) 

4. (c) 




Passage 5. 

1. (c ) 

2. (c) 

3. (b) 

4. (a, b) 

5.,(b) 



Passage 6. 

1. (a) 

2. (b) 

3. (c) 

4. (c) 

5. (d) 




Self Assessment <P 


ASSIGNMENT NO. 1 


SECTION-I 

Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. Cartisone is a molecular substance containing 21 atoms of 

carbon per molecule. The mass percentage of carbon in 
cartisone is 69.98%. What is the molecular mass of cartisone? . 

(a) 360.4 (b) 176.5 (c) 287.6 (d) 312.8 

2. Total number of atoms present in 25 mg of camphor, 
is: 

(a) 2.57x10^' (b) 9.89x10'^ 

(c) 2.67x10^' (d) 6.02x10^“ 

3. The oxide of a metal contains 60% of the metal. What will be 
the percentage of bromine in the bromide of the metal, if the 
valency of the metal is the same in both, the oxide and the 
bromide? 

(a) 93% (b)87% (c)70% (d) 77% 

4. The radius of water molecule having density 1 g mL"' is: 

(a) 1.925 A (b) 73.46 A (c) 19.25 A (d) 7,346 A 

5. 3 g of an oxide of a metal is converted completely to 5 g 
chloride. Equivalent mass of metal is: 

(a) 33.25 (b) 3.325 (c) 12 (d) 20 

6. Quantitative analysis of a compound shows that it contains 
O.llOmole of‘C’, 0.055 mole of‘N’ and 0,165 mole of‘O’. 
Its molecular mass is about 270. How many atoms of carbon 
are there in empirical and molecular formulae of the 
compound respectively? 

Empirical formula Molecular formula 

(a) 1 . . 3 

(b) , >2 2 

(c) 2 6 

(d) 3 2 

7. Total number of electrons present in 11.2 L of NHj at STP is: 

(a) 6.02 x10“ (b) 3.01x10“ 

(c) 3.01x10“ (d) 5.1x10“ 


8. Which one of the following is not a unit of length? 

(a) Angstrom (b) Light-year 

(c) Micron (d) Radian 

9. Unit of J pa"’is equivalent to: • 

. (a) m^ (b) cm^ 

(c) dm^ (d) none of these 

10. The relative abundance of two isotopes of atomic masses 85 
and 87 are 75% and 25% respectively. The average atomic 
mass of element is: 

(a) 86 (b)40 (c) 85.5 (d)75.5 

SECTION-II 

.Multiple Answers Type Objective Questions 

11. Mass of one atom of oxygen is/are: 

(a) 16 amu (b) 32 amu 

(c)16gm (d) 2.656 X 10" “,gm 

12. Which of the following compounds have same percentage 
composition of carbon? 

(a) CgHijOg (b) CHjCOOH 

(cJHCOOCHj (djqjHjaO,, 

13. Which of the following is/are correct about 1 mole electrons? 

(a).6.023 X itf^ electrons (b) 5.48x 10"’ kg 

(c) 96500 coulomb charge (d) None of these 

14. In which of the following numbers, all zeros are significant? 

(a) 5,0005 (b) 0.0030 (c) 30.000 . (d) 0.5200 

15. Which of the following are correct SI units? 

(a) Amount of substance in mol L"’ 

(b) Pressure of gas in pascal 

(c) Density of a solid in kg m" ^ ' 

(d) Force in newton 

SECTION-III 

Assertion-Reason Type Questions 

This section jcoritains 4 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 
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(a) Statement-1 is trae; statement-2 is true; statement-2 is a 
correi^t explanation for statement- 1 . 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement- 1 . 

(c) Statement-1 is true; statement-2 is false. 

(d) Statement-! is false; statement-2 is true. 

16. Statement-l: Avogadro’s number is a dimensionless quantity. 

Because 

Statement-2: It is a number of atoms or molecules in one 
gram mole. 

17. Satement-l: An element has variable equivalent mass. 

Because 

Statement-2: The valency of element is variaWe. 

18. Statement-1: Vapour density of CH 4 is half of Oj:. 

Because 

Statement-2: 1 .6 g of CH 4 contains same number of electrons 
as3.2gof02. 

19. Statement-1: Specific gravity is dimensionless quantity. 

Because 

Statement-2: Specific gravity is relative density of a 
substance, measured wi& respect to density of water at 4°C. 

SECTION-IV 

Matrix-Matching Questions 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q; r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: . - , , - ■ , 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then the correctly bubbled 4x4 matrix should be as follows: 

p q r s 


a 


b 


c 


d 


□ 

1 

© 


M 

q 

□ 


□ 

q 

© 

H 


1 

© 



20. Match the Column-I with Column-II: 

Column-I CoIumn-11 

(a) Nj (P) 40% carbon by mass 

(b) CO (q) Empirical formula CH 2 O 

(c) CgHi 20 ^ (r) Vapour density = 14 

(d) CH 3 COOH (s)14Af^ =6023x10^^) 

electrons in a mole 

21. Match the Column-I with Column-II: 

Column-I Column-ir 

(a) lL (p)10“^N 

(b) IJ (q) 0.2389 cal 

(c) 9.9 X 10® erg (r)10“^m^ 

.(d) IDyhe (s) 6.25 x 10** eV 


22. Match the Column-I with Column-II: 

CoIumn-I Column-It 

(a) 1 g mole of OjCg) (p) mass, 32 g 

(b) 0.5 mole of S 02 (g) (q) mass, 24 g 

(c) 1 gofHzlg’) (r)volume, 11.2LatSTP 

(d) 0.5 mole of 03 (g) (s) 1.5 x 6.023 x 10^^ atoim 



1. (a) 2. (c) 3. (b) 

9. (a) 10. (c) 11 . (a, d) 

17. (b) 18. (c) 19. (a) 

22 . (a-p) (b-p, r, s) (c-r) (d-q, s) 


4. (a) 5. (a) 6 . (c) 7. (c) 

12. (a, b,c) 13. (a,b,c) 14. (a, c) 15. (b,c, d) 

20 . (a-r, s) (b-r, s) (c-p, q) (d-p, q) 21 . (a-r) (b-q, s) (c-q) (d-p) 


8 . (d) 
16. (a) 
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ATOMIC STRUCTUR€ 



2.1 INTRODUCTION 

The word atom is a Greek word meaning indivisible, i. e., an 
ultimate particle which cannot be further subdivided. The idea 
that all matter ultimately consists of extremely small particles 
was conceived by ancient Indian and Greek philosopherSi The 
old concept was put on firm footing by Jolu Dalton in the form 
of atomic theory which he developed in the years 1803-1808. 
This theory was a landmark in the history of chemistry. 
According to this theory, atom is the smallest indivisible part of 
matter which takes part in chemical reactions. Atom is neither 
created nor destroyed. Atoms of the same element are similar in 
size, mass and characteristics; however, atoms of different 
elements have different size, mass and characteristics. 

. In 1833, Michael Faraday showed that there is a relationship 
between matter and electricity. This was the firet major 
breakthrough to suggest that atom was hot a simple indivisible 
particle of all matter but was made up of smaller particles. 
Discovery of electrons, protons and neutrons discarded the 
indivisible nature of the atom proposed by John Dalton. 

The complexity of the atom was further revealed when the 
following discoveries were made in subsequent years: 

(i) Discovery of cathode rays. 

(ii) Discovery of positive rays. 

(iii) Discovery of X-rays. 

(iv) Djscovery of radioactivity. 

1 Discovery of isotopes and isobars. 

(vi) Discovery of quarks and the new atomic model. 

During the past 100 years, scientists have made contributions 
which helped in the development of modem theory of atomic 
structure. The works of ij. TfeofMM and Eraest Ratterford 
actually laid the foundation of the modem picture of the atom. It 
is now believed that the atom consists of several particles called 
subatomic particles like electron, proton, neutron, positron, 
neutrino, meson, etc. Out of these particles, the electron, the 
proton and the neutron are called fundamental particles and are 
the building blocks of the atoms. 

2.2 CATHODE RAYS—DISCOVERY OF 
ELECTRON 

The nature and existence of electron was established by 
experiments on conduction of electricity through gases. In 1859, 
Mfau rtrlrrr started the study of conduction pf electricity 


through gases at low pressure in a discharge tube. [A common 
discharge tube consists of a hard glass cylindrical tube (about 
50 cm long) with two metal electrodes sealed on both the ends. It 
is connected to a side tube through which it can be evacuated to 
any desired pressure with the help of a vacuum pump.] Air was 
almost completely removed from the discharge mbe (pressure 
about 10“* atmosphere). When a high voltage of the order of 
10,000 volts or more was impressed across the electrodes, some 
sort of invisible rays moved from the negative electrode to the 
positive electrode (Fig. 2.1). Since, the negative electrode is 
referred to as cathode, these rays were called cathode rays. 


Gas at low pressure 



Further investigations were made by W. Crookes, J. Perrin, J.J. 
Thomson and others. Cathode rays possess the following 
properties: 

( ) They travel in straight lines away from the cathode with 
very high velocities ranging from lO® - lO" cm per second. A 
shadow of metallic object placed in the path is cast on the wall 
Opposite to the cathode. 

(ii) They produce a green glow when strike the glass wall 
beyond the anode. Light is emitted when they strike the zinc 
sulphide screen. 

1 They produce heat energy when they collide with the 
matter. It shows that cathode rays possess kinetic energy which is 
converted into heat energy when stopped by matter. 

(iv) They are deflected by the electric and magnetic fields. 
When the rays are passed between two electrically charged 
plates, tlrese are deflected towards the positively charged plate. 
They discharge a positively charged gold leaf electroscope. It 
shows that cathode rays carry negative charge. 

(v) They possess kinetic energy. It is shown by the 
experiment that when a small pin wheel is placed in their path, 
, the blades of the wheel are set in motion. Thus, the cathode rays 
consist of material particles which have mass and velocity. 
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These particles carrying negative charge were called negatrons 
by Thomson. 

The name ‘negatron’ was changed to ‘electron’ by Stoney, 

(vi) Cathode rays produce X-rays. When these rays fall on a 
material- having high atomic mass, new type of penetrating rays 
of very small wavelength are emitted which are called X-rays. 

(vii) These rays affect the photographic plate. 

(viii) These rays can penetrate through thin foils of solid 
materials and cause ionisation in gases through which they pass. 

(ix) The nature of the cathode rays is independent of: 

(a) the nature of the cathode and 
“ (b)’ the gas in tlie discharge tube. 

In 1897, J. J. Thomson determined the elm value 
(charge/mass) of the electron by studying the deflections of 
cathode rays in electric and magnetic fields. The value ofe Im has 
been found to be -1.7588 x 10* coulomb/g. 

[The path of an electron in an electric field is parabolic, given 
as; 

eE 2 

y =— jX j 
2mv^ 

where, y = deflection in the path of electron in y-direction 
e = charge on electron 
E = intensity of applied electric field 
m = mass of electron 

V = velocity of electron 

X = distance between two parallel electric plates 
within which electron is moving. 

The path of an electron in a magnetic field is circular with 
radius ‘ri given as: 

_ mv 
eB 

where, ot= mass of electron 

V = velocity of electron 
e = charge on electron 

B.= intensity of applied magnetic field 

The radius of the path is proportional to momentum.] 

By performing a series of experiments, Thomson proved that 
whatever be the gas taken in the discharge tube aiTd whatever 
be the material of the electrodes, the value of e/m is always 
the same. Electrons are thus common universal constituents of 
all atoms. 

JJ. Thomson gave following relation to calculate 
charge/mass ratio: 

e^E 

m~ rB^ 

where the terms have Wual significance given before 

= -1,7588 x10“ C kg“‘ 

Elections are also produced by the action of ultraviolet light or 
X-rays on a metal and from heated filaments, p-particles emitted 
by radioactive materials are also electrons. 

The first precise measurement of the charge on an electron 
was made by Robert A- Millikan in 1909 by oil drop 
experiment. The charge on the electron was found to be 
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-].a§022x 10 coulomb. Since, a^pBltron, hasiSiS^allest 
charge known, it was, thus, desigp^^ias unit negati^ charge. 

Mass of the electron; The mSss of the electron can be 
calculated from the value of elm and thfevalue of e. 




m- 


e 

elm 


-i.boirx rf 


f-19 


-1.7^a.|^.10* 

= 9.1096x10"^* gor 9.1096x10“^’ 


hg 


This is termed as the rest mass of the electron, i. e. .mass of the 
electron when moving with low speed. The mass of a moving 
electron may be calculated by applying the following formula; 


Mass of moving electron = 


rest mass of electron 



where v is the velocity of the electron and c is the velocity of light. 
When V becomes equal to c, mass of the moving electron becomes 
infinity and when the velocity of the electron becomes greater 
than c, mass of the electron becomes imaginary. 

Mass of the electron relative to that of hydrogen atom; 

Mass of hydrogen atom = 1.008 amu 
= 1.008 X 1.66 X 1g (since 1 amu = 1.66 x 10"^'* g) 
= 1.673 x 10“^^ g 

Mass of hydrogen atom _ 1.673 x 10“^ 

Mass of the electron 9.1096 x 10~^* 


= 1837 

Thus, Mass of an electron = —— x mass of hydrogen atom 

1837 

_ 1.008 

1837 

= 0.000549 amu 

An electron can, thus, be defined as a subatomic particle 
which carries charge -1.60x10“*^ coulomb, Le., one unit 


negative charge and has mass 9.1x10 g, r. e., —f—th mass of 

1837 

the hydrogen atom (0.000549 amu). 

[Millikan’s oil drop method is used to determine the charge on 
an electron by measuring the terminal velocity of a charged 
spherical oil drop which is made stationary between two 
electrodes on which a very high potential is applied. 

Charge on an electron ‘ q’ = (Uj +1?2) 

where, T) = coefficient of viscosity of the gas medium 
■Vi,V 2 = terminal velocities 
E = field strength 


1 


r = radius of the oil drop = 


9Tin, 


'l!2(/-a)g 

(/ = density of oil; o = density of gas; g = pavitational force)] 
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POSITIVE RAYS—DISCOVERY OF 
PROTON 

With the discovery of electrons, scientists started looking for 
positively charged particles which were naturally expected 
because matter is electrically neutral under ordinary conditions. 
The first experiment that led to the discovery of the positive 
particle was conducted by Goldstein in 1886. He used a 
perforated cathode in the modified cathode ray tube (Fig. 2.2). It 
was observed that when a high potential difference was applied 
between the electrodes, not only cathode rays were produced but 
also a new type of rays were produced simultaneously from 
anode moving towards cathode and passed through the holes or 
canals of the cathode. These rays were termed canal rays since 
these passed through the canals of the cathode. These were also 
named anode rays as these originated from anode. When the 
properties of these rays were studied by Thomson, he observed 
that these rays consisted of positively charged particles and 
named them as positive rays. 

Perforated 



The following characteristics of the positive rays were 
recognised: 

(i) The rays travel in straight lines and cast a shadow of the 
object placed in their path. 

(ii) Like cathode rays, these rays also rotate the wheel placed 
in their path and also have heating effect. Thus, the rays possess 
kinetic energy, i. e., mass particles are present. 

(iii) The rays produce flashes of light on zinc sulphide screen. 

(iv) The rays are deflected by electric and magnetic fields in a 
direction opposite to that of cathode rays. These rays are attracted 
towards the negatively charged plate showing thereby that these 
rays carry positive charge. 

(v) These rays can pass through thin metal foils. 

(vi) These rays can produce ionisation in gases. 

(vii) These rays are capable of producing physical and 
chemical changes. 

(viii) Positive particles in these rays have e/zn values much 
smaller than that of electron. This means either m is high or the 
value of charge is small in comparison to electron. Since, positive 
particle is formed by the loss of electron or electrons, the charge 
on the positive particle must be an integral multiple of the chaige 


present on the electron. Hence, for a smaller value of e/m, it is 
definite that positive particles possess high mass. 

(ix) e/m value is dependent on the nature of the gas taken in 
the discharge tube, i. e ., positive particles are different in different 
gases. 

Accurate measurements of the charge and the mass of the 
particles obtained in the discharge tube containing hydrogen, the 
lightest of all gases, were made by J.J. Thomson in 1906. These 
particles were found to have the e/m value as + 9.579xl0‘‘ 
coulomb/g. This was the maximum value of e/m observed for 
any positive particle. It was thus assumed that the positive 
particle given by hydrogen represents a fundamental particle of 
positive charge. This particle was named proton by Rutherford 
in 1911. Its charge was found to be equal in magnitude but 
opposite in sign to that of electron. 

Thus, proton carries a charge + 1.602 x 10"“ coulomb, 
i. e ., one unit positive charge. 

The mass of the proton, thus, can be calculated. 

. e 1.602X lO’” 

Mass of the proton =-=- 

efm 9.579 X 10“ 

= 1.672x10“^“ g 
or =1.672x10“^^ kg 


Mass of the proton in amu = 


1.672xl0~^ 
1.66 X10'^“ 


= 1.0072 amu 


A proton is defined as a subatomic particle which has a mass 
nearly 1 amu and a charge of+1 unit (+1.602 x 10”**^ aralomb). 

Protons are produced in a number of nuclear reactions. On the 
basis of such reactions, proton has been recognised as a 
fiuukmental building unit of the atom. 

^ RUTHERFORD EXPERIMENT- 
DISCOVERY OF NUCLEUS 

After the discovery of electron and proton, the question arose 
how these charged particles are distributed in an atom. The 
answer was given by J.J. Thomson in the form of first model of 
the atom. 

He proposed that the positive charge is spread over a sphae in 
which the electrons are embedded to make the atom as a whole 
neutral. This model was much like raisins in a pudding and is also 
known as Thomson's plum pudding model. This model was 
discarded as it was not consistent with the results of further 
investigations such as.scattering ofa-particles by thin metal foils. 

In 1911, Ernest Rutherford and his co-workers carried out a 
series of experiments using a-particles* (Fig. 2.3 and 2.4). A 
beam of a-particles was directed against a thin foil of about 
0.0004 cm thickness of gold, platinum, silver or copper 


*The radiatioiK emitted by radioactive substances consist of a-particles. These particles are positively charged. These particles are actually helium, 
atoms from which electrons have been removed. Each a-partide consists of a mass equal to about 4 times that of hydrogen atom and carries a positive 
charge of two units. It is represented by the symbol a or “He. 


He 

Helium Mom 


He^"^ + 

a-particle 


2e 

Electron 


a-particles are usually obtained from a natural isotope of polonium-214. 
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respectively. The foil was surrounded by a circular fluorescent 
zinc sulphide screen. Whenever ^a-particle struck the screen, it 
produced a flash of light. 

The following observations were made: 

(i) Most of the a-particles (nearly 99%) went straight without 
suffering any deflection. 

(ii) A few of them got deflected through small angles. 

(iii) A very few (about one in 20,000) did not pass through the 
foil at all but suffered large deflections (more than 90°) or even 
came back in more or less the direction from which they have 
come, i. e ., a deflection of 180°. 


Movable 

screen 



Deflected 

a-particles 


Fig. 2.3 

Largely deflected Nucleus Slighfjy deflected 



Fig. 2.4 (a) 

Consider an a-particle of mass ‘ rti moving directly towards a 
nucleus with velocity V at any given time. As this a-particle 
approaches the nucleus, its velocity and hence kinetic energy 
continues to decrease. At a certain distance from the nucleus, 
the a-particle will stop and then start retracing its depicted path. 
This distance is called the distance of closest approach. At this 
distance, the kinetic energy of the a-particle is transformed into 
electrostatic potential energy. If Z be the atomic number of the 
riucleus, then 

1 2 1 ^ 

— mv = -- —■ - 

2 47ceo Tq 


Electrostatic PE = 


= 


1 


47teo 

r 

1 

4Ze^ 

4Jteo 


1, 

2 Ze^ 

4Tceo 

Ek 


where, is the original kinetic energy of the a-particles. 


Here, 


4mc 


^9xlO^Nm^C~^ (MKS) 
= 1(CGS) 


The distance of closest approach is of the order of 10' 

-1-14 


-14 


m. So, 


Following conclusions were drawn from the above observations: 

(i) Since, most of the a-particles went straight through the 
metal foil undeflected, it means that there must be very large 
empty space within the atom or the atom is extraordinarily 
hollow. 

(ii) A few of the a-particles were deflected from their original 
paths through moderate angles; it was concluded that whole of 
the positive charge is concentrated and the space occupied by this 
positive charge is very small in the atom. When a-particles come 
closer to this point, they suffer a force of repulsion and deviate 
from their paths. 

The positively charged heavy mass which occupies only a 
small volume in an atom is called nucleus. It is supposed to be 
present at the centre of the atom. 

(iii) A very few of the 
a-particles suffered strong 

or even returned on 
indicating that the 
rigid and a-particles 
recoil due to direct collision with 
the heavy positively charged mass. 

The graph between angle of 
scattering and the number of 
a-particles scattering in the 
corresponding direction is as 
shown in Fig. 2.4 (b). 

Information of Rutherford’s scattering equation can be 
memorised by the following relations: 

(a) Kinetic energy ofa-particles: 

(b) Scattering angle‘ 6 ’: 

A =^ 2 /[sin" ( 0 / 2 )] 

(c) Nuclear charge: 

N = Kj(Zef 

Here, N = Number of a-particles striking the screen and 
Ki,K 2 and K 3 are the constants. 


deflections 
their path 

nucleus is 


m 
■ ® 

^ I 
C8 I 

8 £ 
0) 
s 
O S 



—► Scattering angle 

Fig. 2.4(b) 


m MOSELEY EXPERIMENT-ATOMIC 
NUMBER 

Roentgen, in 1895, discovered that when high energy electrons in 
a discharge tube collide with the anode, penetrating radiations are 
produced which he named X-rays (Fig. 2.5). 






Atomic Structure 



Fig. 2.5 

X-rays are electromagnetic radiations of very small 
wavelengths (0.1-20 A). X-rays are diffracted by diffraction 
gratings like ordinary light rays and X-ray spectra are, thus, 
produced. Each such spectrum is a characteristic property of the 
element used as anode. 

Moseley (1912-1913), investigated the X-ray spectra of 38 
different elements, starting from aluminium and ending in 
gbld. He measured the frequency of principal lines of a particular 
series (thea-lines in the X series) of the spectra. It was observed 
that the frequency of a particular spectral line gradually increased 
with the increase of atomic mass of the element. But, it was soon 
realised that the frequency of the particular spectral line was 
more precisely related with the serial number of the element in 
the periodic table which he termed as atomic number (Z). He 
presented the following relationship: 

Vv = q(Z-h) 

where, v = frequency of X-rays, Z = atomic number, a and b are 
constants. When the values of square root of the frequency were 
plotted against atomic numbers of the elements producing 
X-rays, a straight line was obtained (Fig. 2.6). 



Atomic number (Z) 


Fig. 2.6 
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van den Broek (1913) pointed out that the atomic number of 
an element is equal to the total positive charge contained in the 
nucleus of its atom. Rutherford was also having the same opinion 
that the atomic number of an element represents the number of 
protons in the nucleus of its atom. Thus, 

Atomic number of the element 

= Serial number of the element in periodic table 
= Charge on the nucleus of the atom of the element 
= Number of protons present in the nucleus of the 

atom of the element 

= Number of extranuclear electrons present in the 

atom of the element 

2.6 DISCOVERY OF NEUTRON 

The discovery of neutron was actually made about 20 years after 
the structure of atom was elucidated, by Rutherford. Atomic 
masses of different atoms could not be explained if it was 
accepted that atoms consisted only of protons and electrons. 
Thus, Rutherford (1920) suggested that in an atom, there must be 
present at least a third type of fundamental particles which should 
be electrically neutral and possess mass nearly equal to that of 
proton. He proposed the name for such fundamental particle as 
neutron. In 1932, Chadwick bombarded beryllium with a 
stream of a-particles. He observed that penetrating radiations 
were produced which were not affected by electric and magnetic 
fields. These radiations consisted of neutral particles, which were 
called neutrons. The nuclear reaction can be shown as: 

^Be + ^He -> '^C + [,« 

Beryllium a-particle Carbon Neutron 

The mass of the neutron was determined. It was 
1.675 X 10"^'* g, I. e. , nearly equal to the mass of proton. 

Thus, a neutron is a subatomic particle which has a mass 
1.675 X 10"^ g, approximately 1 amu, or nearly equal to the 
mass of proton or hydrogen atom and carrying no electrical 
charge. The e/ m value of a neutron is thus zero. 

^ RUTHERFORD MODEL 

On the basis of scattering experiments, Rutherford proposed a 
model of the atom which is known as nuclear atomic model. 
According to this model: 

(i) An atom consists of a heavy positively charged nucleus 
where all the protons and neutrons are present. Protons and 
neutrons are collectively referred to as nucleons. Almost whole 
of the mass of the atom is contributed by these nucleohs. The 
magnitude of the positive charge on the nucleus is different for 
different atoms. 

(ii) The volume of the nucleus is very small and is only a 
minute fraction of the total volume of the atom. Nucleus has a 
diameter of the order of 10 "'^ to 10 “*^ cm and the atom has a 
diameter of the order of 1 G“* cm. 

Diameter of the atom _ 10”* _ ^^5 
Diameter of the nucleus 10”’* 
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Thus, diameter (size) of an atom is 100,000 times the diameter 
of the nucleus.* 

The radius of a nucleus is proportional to the cube root of the 
number of nucleons within it. 

R = cm 

where, Rq = 1.33 x 10"'^ cm; A = mass number; R = Radius of 
the nucleus. ' 

Rutherford and Marsden calculated the density of the 
hydrogen nucleus containing only one proton. 


Mass 

Volume 


[A X 1.66 X lO"^"* g] 


-xre/f^ cm^ 

3 ■ 

.4x1.66x10"^'’ 


i X 3.14 x (1.33 X 10“'^ x^ 


= 1.685 xl0''‘,g/cm^ 

(iii) There is an empty space around the nucleus called 
extranuclear part. In this part, electrons are present. The number 
of electrons in an atom is always equal to number of protons 
present in the nucleus. As the nucleus part of the atom is 
responsible for the mass of the atom, the extranuclear part is 
responsible for its volume. The volume of an atom is about lO'^ 
times the volume of the nucleus. 

Volume of the atom _ (10~*)^ _ 10“^^ _ ^^15 
Volume of the nucleus (10”'^)^ 10“^® 


(iv) Electrons revolve round the nucleus in closed orbits with 
high speed. The centrifugal force acting on the revolving 
electi’ons is being counterbalanced by the force of attraction 
between the electrons and the nucleus. 

This model was similar to the solar system, the nucleus repre¬ 
senting the sun and revolving electrons as planets. The electrons 
are,Therefore, generally referred to as planetary electrons. 


Dissimilarities between Nuclear Atomic Model and 
Solar System 

(i) The sun and the planets are very big bodies and unchaiged 
while the nucleus and electrons are very small objects and charged. 

(ii) The revolution of the planets in the solar system is 
governed by gravitational forces, while the revolution of 
electrons around the nucleus is governed by electrostatic forces. 


(iii) In the solar system, there is only one planet which 
revolves in any particular orbit, but in the nuclear atomic model 
more than one electron may rotate in any particular orbit. 

Drawbacks of Rutherford Model 

(i) According to classical electromagnetic theory, when a 
charged particle moves under the influence of attractive force, it 
loses energy continuously in the form of electromagnetic 
radiations. Thus, when the electron (a charged particle) moves in 
an attractive field (created by protons present in the nucleus), it 
must emit radiations. As a result of this, the electron should lose 
energy at every turn and move closer and closer to the nucleus 
following a spiral path (Fig. 2.7). The ultimate result will be that 
it will fall into the nucleus, thereby making the atom unstable. 
Bohr made calculations and pointed out that an atom would 
collapse in 10”* seconds. Since, the 
atom is quite stable, it means the 
electrons do not fall into the nucleus, 
thereby this model does not explain 
the stability of the atom. 

(ii) If the electrons lose energy 
continuously, the observed spectrum 
should be continuous but the actual 
observed spectrum consists of well 
defined lines of definite frequencies. 

Hence, the loss of energy by the 
electrons is not continuous in an atom. 

2.8 ELECTROMAGNETIC RADIATIONS 

These are energy radiations which do not need any medium for 
propagation, e.g., visible, ultraviolet, infrared. X-rays, j-mys, 
etc. An electromagnetic radiation is generated by oscillations of a 
charged body in a magnetic field or a magnet in an electrical 
field. The frequency of a, wave is the frequency of oscillation of 
the oscillating charged particle. These radiations or waves have 
electrical and magnetic fields associated with them and travel at 
right angle to these fields. The following are thus the important 
characteristics of elecfromagnetic radiations: 

■ All electromagnetic radiations travel with the velocity of 
light. 

■ These consist of electric and magnetic fields that oscillate 
in directions perpendicular to each other and perpendicular 
to the direction in which the wave is travelling. 


Nucleus 



Fig. 2.7 


S.No. 

Name 

Wavelength (A) 

Frequency (Hz) 

Source 

1. 

Radio wave 

SxlO'^-Sxlo’ 

1 

lx 10^-^l x lO’ 

Alternating current of high frequency 

2. 

Micro wave 

3xl0’-6xlC^ 

Ixl0’-5xl0" 

Klystron tube 

3. 

Infrared (IR) 

6xl0‘-7600 

5x10"-3.95x10'* 

Incandescent objects 

4. 

Visible 

7600-3800 

3.95x10'*-7.9x10'“ 

Electric bulbs, sun rays 

5. 

Ultraviolet (UV) 

3806-150 

7.9xl0*‘‘-2xl0‘* 

Sun rays, arc lamps with mercury vapours 

6. 

X-Rays 

150-0.1 

2xl0"'-3xl0‘* 

Cathode rays striking metal plate 

7.- 

y-Rays 

0.1-0.01 

3x10”-3x10^" 

Secondary effect of radioactive decay . 

8. 

Cosmic rays 

0.01-Zero 

3 X 10“-Infinity 

Outer space 


The diameter of various atoms lies in the range of 0.74 to 4.70 A (1 A = 10 * cm). 
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A wave is always characterized by the following six 
characteristics: 

(i) Wavelength: The distance between two nearest crests or 
nearest troughs is called the wavelength. It is denoted by X 
(lambda) and is measured in terms of centimetre (cm), angstrom 
(A), micrometre Oim) or nanometre (ran). 



lnm = 10"^ cm =10”® m 
1cm = 10* A = lO'^ fim = 10^ nm 

(ii) Frequency: It is defined as the number of waves which 
pass through a point in one second. It is denoted by the symbol 
V (nu) and is me^ured in terms of cycles (or waves) per second 
(cps) or hertz (Hz). 

Xv = distance travelled in one second 
= velocity = c 
c 

or v = — 

X 

(iii) Velocity: It is defined as the distance covered in one second 
by the wave. It is denoted by the letter ‘c’. All electromagnetic 
waves travel with the same velocity, i. e., 3 x 10'° cm/sec. 

Xv= 3xl0‘® 


Thus, a wave of higher frequency has a shorter wavelength 
while a wave of lower frequency has a longer wavelength. 

(iv) Wave number: This is the reciprocal of wavelength, 
j.e.,the number of wavelengths per centimetre. It is denoted by 
the symbol v (nu bar). 

_ 1 
V = — 

X 

It is expressed in cm“’ or m“'. 

(v) Amplitude: It is defined as the height of the crest or 
depth of the trough of a wave. It is denoted by the letter ‘a’. It 
determines the intensity of the radiation. 

The arrangement of various types of electromagnetic radiations 
in the order of their increasing or decreasing wavelengths or 
frequencies is known as electromagnetic spectrum. 

v = 3x10^ (cycle/sec)->3x10^^ 


X(cm) = 10^ 


Wavelength 

<- 


10 


-11 



High energy 
High fiequency 
Short wavelengdi 


(vi) Time period: Time taken by the wave for one complete 
cycle or vibration is called time period. It is denoted by T. 

r=l 

Unit: Second per cycle. ^ 


EMISSION SPECTRA—HYDROGEN 
SPECTRUM 

Spectrum is the impression produced on a screen when radiations 
of particular wavelengths are analysed through a prism or 
diffraction grating. It is broadly of two types: 

(i) Emission spectra (ii) Absorption spectra. 


Difference between Emission and Absorption Spectrum 


Emission spectrum 

1. It gives bright lines (coloured) 
on the dark background. 

2. Radiations from emitting 
source are analysed by the 
spectroscope. 


Absorption spectrum 

It gives dark lines on the bright 
background. 

It is observed when the white 
light is passed through the 
substance and the transmitted 
radiations are analysed by the 
spectroscope. 


3. It may be continuous (if source These ate always disconti- 
emits white light) and may be nuous. 
discontinuous (if the source 
emits coloured light). _ 


Emission spectra: It is obtained from the substances which 
emit light on excitation, i. e ., either by heating the substances on a 
flame or by passing electric discharge through gases at low 
pressure or by passing electric current discharge through a thin 
filament of a high melting point metal. Emission spectra are of 
two types: 

(a) Continuous spectra and (b) Discontinuous spectra. 

(a) Continuous spectra: When white light is allowed to pass 
through a prism, it gets resolved into several colours (Fig. 2.8). 
The spectrum is a rainbow of colours, i. e., violet merges into blue, 
blue into green, and so on. This is a continuous spectrum. 



Fig. 2.8 Continuous spectrum of white light 
(b) Discontinuous spectra: When gases or vapours of a 
chemical substance are heated in an electric arc or in a Bunsen 
flame, light is emitted. If a ray of this light is passed through a 
prism, a line spectrum is produced. This spectrum consists of a 
limited number of lines, each of which corresponds to a different 
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wavelength of Hj^t. The line spectrum of each element is unique. 
Hydrogen spectrum is an example of line emission spectrum or 
atomic emission spectrum. 

When an electric discharge is passed through hydrogen gas at 
low pressure, a bluish light is emitted. When a ray of this light is 
passed through a prism, a discontinuous line spectrum of several 
isolated sharp lines is obtained. The wavelengtiis of various lines 
show that diese lines lie in visible, ultraviolet and infrared 
regions. All these lines observed in the hydrogen spectrum can be 
classified into six series. 


Blue-Green Indigo Violet 


Spectral series 

Lyman series 
Balmer series 
Paschen series 
Brackett series 
Pftmd series 
Humphrey series 


Discovered by 

Lyman 

Balmer 

Paschen 

Brackett 

Pfund 

Humphrey 


Appearing in 

Ultraviolet region 
Visible region 
Infrared region 
Infrared region 
Infiared region 
Far infrared region 
formula to find 


Ritz presented a mathematical formula to find the 
wavelengAs of various hydrogen lines. 

X c [nf nl) 

Where, .R is a universal constant, known as Rydberg constant. Its 
value is 109,678 cm“*,«, and «2 are integers (such that «2 > «i). 
For a given spectral series, «, remains constant while «2 varies 
from line to line in the same series. 

The value of n^ = 1,2,3,4 and 5 for the Lyman, Balmer, 
Paschen, Brackett and Pfiind series respectively. n 2 is greater 
than n, by at least 1 . 

Values of n j and n 2 for various series 


Spectral series 

Lyman series 
Balmer series 
Paschen series 
Brackett series 
Pflmd series 


Value of n. 


Value of 02 
2, 3,4, 5,... 
3,4, 5,6,... 
4, 5, 6 , 7,... 
5, 6 , 7, 8 ,. .. 
6 , 7, 8 , 9,... 



6563 4861 4340 4\m 

Fig. 2.9 (a) Balmer series in the hydrogen spectrum 


Lyman series: v: 


1 1 


«2=2,3,4,5,... 

Obtained in emission as well as in absorption spectrum ratio 
ofw* tow*'’ wavelength of Lyman series. 

_rm+iy[ (w+1)^-1 ] 


_ 1 1 

Balmer series: v = — = &Z 


«2 = 3.4,5,6,... 

Obtained only in emission spectrum. 


v = - = RZ^ A. 


PascheA series; 


«2 =4,5,6,7,... 
_ 1 , 

Brackett series: v = — = RZ 


Pfund series: 


«2 =6,7,8,9,... 

Note : (i) Atoms give line spectra while molecules give band spectra, 
(ii) Balmer, Paschen, Brackett, Pfund series are found in 
emission spectrum. 


«2 = 5, 6 , 7, 8 ,... 


RZ^ \ - 


Electronic transition 1 

Name of line 

rh= 3 — 

(M) . 

—> Wi — 2 

(i) 

H„ (First line) 

n, = 4 — 
m 

—> /ii = 2 

(i) 

Hp (Second line) 

n, = 5 — 
(0) 

—^ = 2 

(i) 

HLy (Third line) 

% = 6 — 
m 

—^ ^1 = 2 
(i) 

Hg (Fourth line) 


(Above four lines were viewed in Balmer series by naked eye.) 

Absorption Spectrum : Suppose the radiations from a conti¬ 
nuous source like a hot body (sun light) containing the quanta of 
all wavelengths passes through a sample of hydrogen gas, then 
the wavelengths missing in the emergent light give dark lines on 
the bright background. This type of spectrum that contains lesser 


Wave no. _ Wavelength and colour 

-^2-ffrj!_?t = 6563A(Red) 

X [ 2 ^- 3^ J - 36 

_L-M X = 4861A (Blue-Green) 

4^]“ 16 

J_1_ _ 21R X = 4340 A (Indigo) 

[2^ 100 

«=!-/?[-!- X = 4102 A (Violet) 

X' [ 2 ^ 6^ 36 


number of wavelengths in the emei^ent light than in incident 
light is called absorption spectrum. 

Let the radiations of wavelengths A, ,X 2 ,X 3 ,X 4 ,X 5 are 
passed through the sample of hydrogen gas such that Ajand A 4 
are absorbed then the absorption spectrum may be represented as: 
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Sample 

of 

Hydrogen 

gas 



X 3 

% 


Fig. 2.9 (b) Absorption Spectrum 


Esramplel. Calculate the frequency and wave number of 
radiation with wavelength 480 nm. 

Solution: Given, 

X = 480nm=480xl0'’m [v lnm= 10"’ra] 
c = 3x 10* m/sec 

„ c 2x10* ms"’ ,-i 4 _i 

X 480xl0~’m 
= 6.25x10"’Hz 


2.10 QUANTUM THEORY OF RADIATION 

The wave theory successfully explains many properties of 
electroihagnetic radiations such as reflection, refraction, diff¬ 
raction, interference, polarisation, etc., but fails to explain some 
phenomena like black body radiation, photoelectric effect, etc. 

In order to explain black body radiation and photoelectric 
effect. Max Planck in 1901 presented a new theory which is 
known as quantum theory of radiation. According to this 
theory, a hot body emits radiant energy not continuously but 
discontinuously in the form of small packets of energy called 
quantum (in plural quanta). The energy associated with each 
quantum of a given radiation is proportional to the frequency of 
the emitted radiation. 

V 

Ot E = hv where, A is a constant known as Planck’s constant. Its 
numerical value is 6.624 x 10“^’ erg-sec. The energy emitted or 
absorbed by a body can be either one quantum or any whole 
number multiple of hv, L e ., 2hv, 3hv, 4hv ,..., nhv quanta of 
energy. 

Thus, energy emitted or absorbed = nhv, where n can have 
values 1, 2, 3, 4, ... . Thus, the energy emitted or absorbed is 
quantised. 

In 1905, Einstein pointed out that light can be supposed to 
consist of a stream of particles, called photons. The energy of 
each photon of light depends on the frequency of the light, 
i. e.,E = hv. Energy is also related according to Einstein, as 
E = mc^ where m is the mass of photon. Thus, it was pointed out 
that light has wave as well as particle characteristics (dual 
nature). ____ 

:::;g8tMSoMES ougDj] ^i>LEs\g!!;:: 

^ How many protons, electrons and neutrons 
are present in 0.IS g Up? 

Solution: No. of protons in one atom of P 

= No. of electrons in one atom of P= 15 
No. of neutrons in one atom ofP=(4l-Z) = (30-l5)=15 

Al Q 

0.18 g ??P = — = 0.006 mol 
30 

No. of atoms in 0.006 mol = 0.006 x 602 x 10^* 

No. of protons in 0.006 mol j’^P = 15x 0.006x 6.02x 10^* 

= 5.418X10^^ 

So, No. of electrons =5.418x10^^ 

and No. of neutrons = 5.418 x 10^^ 


Example 3. Calculate the energy associated with photon 
of light having a wavelength 6000 A. [h = 6624 x 10"^’ erg-sec. ] 

Solution: We know that, E = hv = h- — 

X 

h = 6.624 X 10"^’ erg-sec; 0 = 3x10’° cm/ sec; 


X = 6000A = 6000x10"* cm 


So, ^J6.624 x10-)x(3x10’0)^3_3,^^^^_.,^^^ 


6x10 


,-5 


Example 4. Which has a higher energy, a photon of violet 
light with wavelength 4000 A or a photon of red light with 
wavelength 7000 A? [h = 6.62 X Js] 

Solution : We know that, E = hv = h- — 

X 


Given, h = 6.62 x lO"*" Js, c = 3 x 10* ms"’ 


For a photon of violet light, 

:^ = 4000 A = 4000 x 10 “’° m 

£ = 6.62 X 10"*'’ X ^ ^ ^ = 4.96 x 10~” J 
4 X 10"’ 

For a photon of red light, 

A = 7000 A = 7000 x 10 "’° m 

E = 6.62 X 10"^“* X - = 2.83 x 10"” J 

7000 x 10 "’° 

Hence, photon of violet light has higher energy than the 
photon of red light. 

Example 5. What is the ratio between the energies of two 
radiations one with a wavelength of 6000 A and other with 

2000i.? 


Solution: X, = 6 OOOA and Xj = 2000A 


Ratio, 

or 


E. =h~andiE.=h- — 

‘ X, X2 

X 2 _X2 _ 2000 _1 

E2 ~ X, X, ~ 6000 *" 3 

E2 = 3 £, 


Example 6. Calculate the wavelength, wave number and 
frequency of photon having an energy equal to three electron 
volt (h = 6.62 X 10"^’ erg - sec .) 
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Solution: We know that, 


E = h-v 

v = - (leV = 1.602x10^'^ erg) 
h 

3x(1.602x10“'2) , .4 

=-i = 7.26x10 s ' 

6.62x10“^^ 

C 3x10’® m ,rt-5 

^ = - =-—rr = 4.132 x 10 cm 

V 7.26x10"’ 


= 7.2t>x lO’^ He 


v = i. =- 1 -- = 2.42xl0’ cm^’ 

A. 4.132x10“^ 


Example 7. Calculate the energy in kilocalorie per mol of, 
the photons of an electromagnetic radiation of wavelength 
76001 

Solution; A, = 7600A = 7600 x 10“* cm 
c = 3x 10 ’® cms“‘ 

-3 W 1 

Frequency, v = - =-- = 3.947 x 10*'’ s“' 

. X 7600x10“* 

Energy of one photon = hv- 6.62 x 10”^^ x 3.947 x lO” 

= 2.61x10“'^ erg 

Energy of one mole of photons = 2.61 x 10“'^ x 6.02 x 10^^ 

= 15.71x10” erg 

Energy of one mole of photons in kilocalorie 

15.71X 10” _ , , /I IOC inlO 1 

=-—[1 kcal = 4.185 X10 erg] 

4.185x10’® 

= 37.538 kcal per mol 

Example 8. Electromagnetic radiation of wavelength 
242 nm is just sufficient to ionise the sodium atom. Calculate the 
ionisation energy in kJ mol , /i = 6.6256 X 10“*’ Js. (jjx 1992) 

Solut •: X = 242 nm = 242 x 10”® m 

c = 3x 10* ms“’ 

E = hv = h-- = 6.6256 x 10“*’ x ^ ^ -■ 

X 242x10“® 

- = 0.082 X 10“” J= 0.082 x 10“^® kJ 

Energy per mole for ionisation = 0.082 x 10“*® x 6.02 x 10** 

= 493.6 kJ mol”’ 

Example 9. How many photons of light having a 
wavelength 4000 A are necessary to provide 1,00 J of energy? 

Soluin.ii: Energy of one photon 

= hv = h- — 

X 

(662xl0“*’)(3.0xl0*) 

4000x10“’® 

= 4.965x10“’®! 


Number of photons = 


1.00 


4.965x10”’® 


= 2.01x10 


18 


Example 10. Find the number of quanta of radiations of 
frequency 4.67 x lO’* s“’, that must be absorbed in order to melt 
5 g of ice. The energy required to melt \gof ice is 333 J. 
Solution: Energy required to melt 5 g of ice 

= 5x333 = 1665! 

Energy associated with one quantum 

= hv = (6.62 x 10“*’) X (4.67 x lO’*) 

= 30.91x10“*’! 

Number of quanta required to melt 5 g of ice 

53.8x10*' 


30.91x10' 

5.38x10** 


■21 


Example 11. Calculate the wavelength of the spectral line, 
when the electron in the hydrogen atom undergoes a transition 
from the energy level 4 to energy level 2. 

Solution: According to Rydberg equation, 


1 = R 
X 


1 


v-* 


R = 109678 cm“ 


X-- 

2. 

x' 


2 ; y- 
109678 


y 

4 

i_ J_' 

4 16. 

3 


On solving. 

Example 12. 


=109678X 

16 

X = 486 nm 

A bulb emits light of wavelength X = 4500 A. 
The bulb is rated as 150 waff and 8% of the energy is emitted as 
light. How many photons are emitted by the bulb per second? 

an 1995) 

Solu uon; Energy emitted per second by the bulb 

= 150x —! 

100 


he 

Energy of 1 photon = — 
X 


6.626x10“*’ x3xl0* 


4500x10 

= 4.42x10“’® joule 
Let n photons be evolved per second. 

■'® =150x^ 

100 

« = 27.2x10’* 




nx4.42x 10“ 


Example 13. A near ultraviolet photon of 300 nm is 
absorbed by a gas and then remitted as two photons. One photon 
is red with wavelength of 760 nm. What would be the wave 
number of the second photon? 

Solution: 

Energy absorbed = Sum of energy of two quanta 
he _ he ^ 

300x10“® 760x10“® Xxl0“® 




Atomic Structure 


77 


On solving, we get, 

V (wave number) = — = 2.02 X 10“^ 

X 

Example 14. Calculate the wavelength of the radiation 
which would cause the photodissociation of chlorine molecule if 
the Cl—Cl bond energy is 243 kJ mol . 

Solution: Energy required to break one Cl Cl bond 
Bond energy per mole 

Avogadro's number 

243 243x10^ , 

6.023x10^^ 6.023 xl0^^ 

Let the wavelength of the photon to cause rupture of one 
Cl—Cl bond be A,. 

We know that, 

_ he 6.6 X 10~^^ X 3 X 10^ X 6.023 x 10^^ 

E 243x10^ 

= 4.90 X 10“’ m = 490 nm 


Example 15. How many moles of photon would contain 
sufficient energy to raise the temperature of225 g of water 2\°C 
to 96°C? Specific heat of water is A.l^J g~^ K and frequency 
of light radiation used is 2.45 x 10® . 

Solution: Energy associated with one mole of photons 
= No xh XV 

= 6.02 X 10^^ X 6.626 x lO'^"* x 2.45 x 10® 

= 97.727x10“’J mol"‘ 


Energy required to raise the temperature of 225 g of water by 
75°C =mxsxt 

= 225x4.18x 75 = 70537.51 
Hence, number of moles of photons required 


mst 


70537.5 


Nohv 97.727x 10“ 


^7.22x10^ mol 


: Example 16. During photosynthesis, chlorophyll-a 
absorbs light of wavelength AAOnm and emits light of wavelength 
670 nm. What is the energy available for photosynthesis from the 
absorption-emission of a mole ofphotons? 


Solution: AB = 


Nhc 


k 

= Nhc 


absorbed 

1 

^ absorbed 


Nhc 


J evolved 


^ evolved 


6.023x10” X 6.626x10“’'* x 


3x10* 


1 


1 


440x10“® 670x10 


-9 


: 0.1197[2.272 X 10*’ - 1.492 x lO"] 

: 0.0933 X 10* 1/ mol = 93.3 kJ/ mol 


Example 17. Photochromic sunglasses, which darken 
when exposed to light, contain a small amount of colourless 
AgCl (s) embedded in the glass. When irradiated with light, 
metallic silver atoms are produced and the glass darkens. 


AgClis) -> + Cl 

Escape of chlorine atoms is prevented by the rigid structure of 
the glass and the reaction therefore, reverses as soon as the light 
is removed. If 219 kJ! mol of energy is required to make the 
reaction proceed, what wavelength of light is necessary? 

Solution: Energy per mole = Energy of one Einstein 

i. e ., energy of one mole quanta 
Nhc 


k 


310x1000 = 


6.023 X lO” 


X = 3.862x10“’ 


X 6.626 X 10“’'* X 3x10* 
k 

m= 3862X 10““ m = 3862A 


(Ul/rrW W or oBjtenvi QuiOTpMS 


1. 


2 . 


The j^quency of the radiation having wave number 10 m 'is: 
(a)1'0s“* (b)3xl0’s“* 

(c)3xl0‘’s"' (d)3xl0®s“* 

[Ans. (d)] 

[Hint: v = i 

v=cv=- =3x10* X 10 = 3x10® s“‘] 
k 

The energy of a photon of radiation having wavelength 
300 nm is: 


(a) 6.63 X 10“’® J (b) 6.63x10“*®; 

(c)6.63x 10“” J (d) 6.63 X 10“” J 

[Ans. (b).] 


[Hint: E ■ 


he 

'Y'' 


6.626 xl0~’'*x3xl0* 
300 X 10“® 


■ 6.63 X 10“'® J] 


3. 


The maximum kinetic energy of the photoelectrohs is found 
to be 6.63 x 10“*® J, when the metal is irradiated with a 


radiation of frequency 2 x 10*’ Hz. The threshold frequency 
of the metal is about: 

(a)lxl0*’s“* (b)2xl0*’s“‘ 

(c)3xl0*’s“' (d)15xl0*’s“* 

[Ans. (a)] 

[Hint: KE = A(v-Vo) 



= 2x10*' 


6.63x10“*® ,, ,„,5 

-;^=iX 10” 

6.63x10“’® 



4. 


The number of photons of light having wavelength 100 nm 
which can provide 1 J energy is nearly; 

(a) 1 o’ photons (b) 5 x 10** photons 

(c) 5 X 10*’photons (d) 5 x lO’photons 

[Ans. (c)] 


[Hint; 


nhc 

'X 

Ek_ _ 

' he ~ 6626 X 10“’® X 3 X 10’ 


1X 100 X10“ 


■ 5 X 10* 
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5. The atomic transition gives rise to the radiation of frequency 
(10'' MHz). The change in energy per mole of atoms taking 
place would be; 

(a) 3.99x10“® : (b)3.99J 

{c)6.62x 10"^'* J {d)&62xl0-“j 

[Ans. (b)] 

[Hint: E = Nhv 

= d023 X10“ x &626 x lO’” x 10“ x l(f 
= 3.99J] 

yi, BOHR’S ATOMIC MOD^L 

To overcome the objections of Rutherford’s model and to explain 
the hydrogen spectrum, Bohr proposed a quantum mechanical 
model of the atom. This model was based on the quantum theory 
of radiation and the classical laws of physics. The important 
postulates on which Bohr’s model is based are the following: 

(i) The atom has a nucleus where all the protons and neutrons 
are present. The size of the nucleus is very small. It is present at 
the centre of the atom. 

(ii) Negatively charged electrons are revolving around the 
nucleus in the same way as the planets are revolving around the 
sun. The path of the electron is circular. The force of attraction 
between die nucleus and the electron is equal to centrifugal force 
of the moving electron. 

Force of attraction towards nucleus = centrifugal force 

(iii) Out of infinite number of possible circular orbits around 
the nucleus, the electron can revolve only on those orbits whose 

angular momentum* is an integral multiple of —, i.e., 

2 % 

mvr = n— where m = mass of the electron, v = velocity of 
2ji 

electron, r = radius of the orbit and « = 1 , 2 ,3,... number of the 
orbit. The angular momentum can have values such as, 

— , — , — , etc., but it cannot have a fractional value. Thus, the 
at 231 2 jt 

angular momentum is quantized. The specified or circular orbits 
(quantized) are called stationary orbits. 

(iv) By the time, the electron remains in any one of the 
stationary orbits, it does not lose energy. Such a state is called 
ground or normal state. 

In the ground state, potential energy of electron will be 
minimum, hence it will be the most stable state. 

(v) Each stationary orbit is associated with a definite amount 
of eiiergy. The greater is the distance of the orbit from the 
nucleus, more shall be the energy associated with it; These orbits 
are also called energy levels and are numbered as 1 , 2 ,3,4,... or 
K, L, M, N, ... from nucleus outwards. 

i.e., El <-£2 < £3 < £4 ... 

iE2-Ei)>{Ei-E2)>iE,-E^).., . 


(vi) The emission or absorption of energy in the form of 
radiation can only occur when an electron jumps from one 
stationary orbit to another. 

A^ = £'high --Elow 

Energy is absorbed when the electron jumps from inner to outer 
orbit and is emitted when it moves from outer to an inner orbit. 


Electrons excited 
by absorbing 
energy 

(Energy absorbed) 


Energy radiated 
when electrons 
fall back 
(Energy emitted) 


Fig. 2.10 

When the electron moves from inner to outer orbit by 
absorbing definite amount of energy, the new state of the electron 
is said to be excited state (Fig. 2.10). 

Using the above postulates, Bohr calculated the radii of 
various stationary orbits, the energy associated with each orbit 
and explained the spectrum of hydrogen atom. 

Radii of various orbits: Consider an electron of mass ‘m’ 
and charge ‘ E revolving around the nucleus of chaige Ze 
(Z = atomic number). Let ‘n’ be the tangential velocity of the 
revolving electron and ‘ E the radius of the orbit (Fig. 2.11). The 
electrostatic force of attraction between the nucleus and electron 

(applying Coulomb’s law) = ^ 

r r 




•Angular momentum = Im , where, I- moment of inertia and to = angular velocity; 
ti>= - , where, v = linear velocity and E= radius; and I = mr. So angular momentum = mr • - = mvr. 
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1 


1 

where, A is a constant. It is equal to-^,Eo being absolute 

4716 0 

permittivity of medium. In SI units, the numerical value of 

is equal to 9 x 10® Nm^ / . 

[Note: In COS units, value of k is equal to 1.] 

As force of attraction = centrifugal force 


47ten 


So. 


kZe^ nw^ 2 kZe^ 


or V 


rm 


= 


1 


_ ^ 

47160 


(i) 


According to one of the postulates, 

. , * 
Angular momentum = mvr = n — 

271 

nh 

or V =- 

27 t 7 Mr 

Putting the value of‘o’ in eq. (i). 


(ii) 


n^h'^ 


KZe^ 


mr 


or 


_ 

An^mr 


■ kZe^ 


or 




2 1 ■■■ 

471 

Greater is the value of‘ m’, laiger is the size of atom. On the 
other hand, greater is the value of ‘ Z, smaller is the size of the 
atom. Across a period from left to right, atomic number ‘Z’ 
increases with constant value of ‘n’ hence atomic radius 
decreases towards right. On moving down the group, both ‘Z* and 
‘n’ increase but due to shielding, Z* (effective nuclear charge) 
remains same. Hence, on moving downwards, atonuc radius 
increases due to increase in ‘ n\ 


For hydrogen atom, Z = 1; so r = - 




An^mke^ 

Now putting the values of h,K,m,e and k, 

_ _ X (6.625 xlQ-^'*)^ _ 

~ 4 X (3.14)^ X (9.1x 10'^') X (1.6x lO'*® x (9x 10®) 

= 0.529 X X 10‘“ m= 0.529x A 
= 0.529x10”* x«2 cm 


where h = 6.625 x 10 J-sec, 7 t = 3.14 

7 M = 9.1x 10”** kg, e= 1.6x 10”*® coulomb 
* = 9x10® Nm^/C^ 

Thus, radius of 1st orbit 

= 0.529X 10”* X 1* = 0.529X 10”* cm= 0.529x 10”*®m 
Radius of 2nd orbit 

= 0.529x10”* X 2* = 2.11x10”* cm= 2.11x 10”*° m 
Radius of 3rd orbit 

= 0.529x10”* X 3* =4.76x10”* cm = 4.76x 10”*° m 
and so on. 

= r, X n* for hydrogen atom 

and = 0.529 x — A (for hydrogen like species) 

Z 


Energy of an electron: Let the total energy of the electron 
be E. It is the sum of kinetic energy and potential energy. 

E = kinetic energy + potential energy 

1 2 kZe^ 

= - mv - 

2 r 

Putting the value of mv^ from eq. (i), 

^ kZe^ kZe^ 


^ _ kZe^ 

2 r r 2 r 

Putting the value of rfrom eq. (iii), 


E = - 


kZe^ An^mkZe^ Iji^Z 






...(iv) 


For hydrogen atom, Z = 
So, E ■■ 


In^k^me* 

2T2 
n h 


Putting the values of 7 t, *, m, e and 

2x(3.14)*x(9xl0®)*x(9.1xl0”**)x(1.6xl0~*®)‘* 
B* X (6.625x10”*®)** 


21.79 xlO'*® , 

---j per atom 

B* 



13.6 


eV per atom 


313.6. ,, , 

=-— kcal/mol 

B* 


(where,R h =2.18x10”** J); 
(11 = 62419x10** eV) 
(1 eV = 23.06 kcal/mol) 


1312 


kJ /mol 


Kinetic energy in b Ih shell ^ 


13.6X Z 2 


eY 


-272 X Z ^ 

Potential energy in b th shell =--eV 


Substituting the values of b = 1,2,3,4,..., etc., the energy of 
electron in various energy shells in hydrogen atom can be 
calculated. 


Energy shell E (Joule per atom) £(eV per atom) E Orcal/imri) 


1 

-21.79x10”*® 

-13.6 

-313.6 

2 

-5.44x10”'® 

-3.4 

-78.4 

3 

-2.42 X10”'® 

-1.51 

-34.84 

4 

-1.36x10”'® 

-0.85 

-19.6 

00 

0 

0 

0 


£ 

E„=—j (forhydrogen atom) 
rr 


Z ^ 

and E„ = E^ x—— (for hydrogen like species) 

rr 

where, £1 = energy of hydrogen first orbit. 
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Since, n can have only integral values, it follows that total 
energy of the electron is quantised. The negative sign indicates 
that the electron is under attraction towards nucleus, i. e ., it is 
bound to the nucleus. The electron has minimum energy in the 
first orbit and its energy increases as n increases, i. e ., it becomes 
less negative. The electron can have a maximum energy value of 
zero when n = The zero energy means that the electron is no 
longer bound to the nucleus, i. e ., it is not under attraction towards 
nucleus. 

For hydrogen like species such as He^,Li^^, etc., 
£„ = Z ^ X £„ for hydrogen atom. 

Velocity of an electron; We know that. 

Centrifugal force on electron 

= force of attraction between nucleus and electron 

^ = (in CGS units) ... (i) 

r 

The angular momentum of an electron is given as: 

mvr = nh 12n ... (ii) 

From eqs. (i) and (ii), we have 
f nh') ^2 


2 

v = — - 

n h 


X 2.188X 10* cm/sec 


2.188x10* 


cm/ sec (For hydrogen, Z = 1) 


Uj =2.188x10* cm/sec 
u, = - X 2.188 X 10* cm/ sec 


y-i =-x 2.188x10 cm/sec 
3 

Here, © 1,^2 03 are the velocities of electron in first, 

second and third Bohr orbite in hydrogen. 

From equation (iil), 

2 , 03 1 . 

— = - and — = - and so on. 

02 1 0j 3 

Orbital frequency; Number of revolutions pef second by 
an electron in a shell is called orbital frequency; it may be 
calculated as. 

Number of revolutions per second by an electron in a shell 
_ Velocity _ 0 __£^i f 2^ 

Circumference 27tr h 


where. 


X 6.66x10* 


= Energy of first shell. 


Time period of revolution of electron in nth orbit (T„): 


Inr n 


xl.5xl0"‘f sec 


Interpretation of hydrogen spectrum; The only electron 
in the hydrogen atom resides under ordinary conditions on the 
first orbit. When energy is supplied, the electron moves to higher 
energy shells depending on the amount of energy absorbed. 
When this electron returns to any of the lower energy shells, it 
emits energy. Lyman series is formed when the electron returns to 
the lowest energy state while Balmer series is formed when the 
electron returns to second energy shell. Similarly, Paschen, 
Brackett and Pfiind series are formed when electron returns to the 
third, fourth and fifth energy shells from higher energy shells 
respectively (Fig. 2.12). 


Balmer 



Paschen 

series 


Brackett 

series 


Lyman series 

Fig. 2.12 

Maximum number of lines produced when an electron jumps 


from n th level to ground level is equal to 


n{n - 1 ) 


For example, 


in the case of« = 4, number of lines produced is 6. (4 3,4 —^ 2, 
4—>1,3—>2,3—>1,2—>1) When an electron returns from Kj to 
rt] state, the number of lines in the spectrum will be equal to. 

(W; - Wi )(«2 - «! + 1) 

2 

If the electron comes back from energy level having eneigy £2 
to energy level having energy £|, then the difference may be 
expressed in ter ms of energy of photon as: 

£2 - £[ = A£ = Av 

or the frequency of the emitted radiation is given by 

h 

Since, A£ can have only definite values depending on the 
definite energies of £2 and £,, v will have only fixed values in an 
atom, 

c hE 

or V = — = — 

X h 
, he 

or A = — 

A£ 

Since, h and c are constants, A£ corresponds to definite 
energy; thus, each transition from one energy level to another will 
produce a light of definite wavelength. This is actually observed 
as a line in the spectrum of hydrogen atom. 
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Thus, the different spectral lines in the spectra of atoms 
coiTCspoud to ditferent transitions of electrons from higher 
energy levels to lower energy levels. 

Derivation of Rydberg Equation 

Let an excited electron from shell come to the «( shell with the 
release of radiant energy. The wave number v of the corres¬ 
ponding spectral line may be calculated in the following manner; 


2 


lSE = En 


'I 


'■(-) 


2n mZ~e 

2 , 2 
«2 ^ 




l%~mZ e 


2„4 


he ^ Isi^mZ^e 

T~ ^ 


2„4 { 


V"i 


^2j 


where, hE = hv 


or 




■ RZ''- 


hc 

X 


ch^ 

1 






where, R = 


\H 
2n^me‘^ 
~d^ 


HJ 


■■ Rydberg constant .= 109743 cm* 


This value of R is in agreement with experimentally 
determined value 109677.76 cm”’. Rydberg equation for 
hydrogen may be given as, 




R 


1 


1 


Modification of Rydberg Equation 

According to the Rydberg equation: 


V : 
wave number 


2Tt^mZ^e* 


ch^ 


1 


It can be considered that the electron and the nucleus revolve 
around their common centre of mass. Therefore, instead of the. 
mass of the electron, the reduced mass of the system was 
introduced and the equation becomes; 




I 1 


Reduced mass 'p' can be calculated as, 

p m M 

where, m = mass of electron 

and M = mass of nucleus 

_ mM 

m + M 

(i) First line of a series: It is called Tine of longest 
wavelength’ or Tine of shortest energy’. 

For first line, 

«2 = («! + 1) 


'nrsi 


'-first 


= R 


nf (k, + 1 )^ 


Similarly for second, third and fourth lines, 
n 2 = «i + 2 ; Mj = «i +3 Wj = «i + 4 respectively 
Rydberg equation may be wripen as, 

1 1 


v = l=RZ^ 
X 


nf («! +xf 


where, x = number of line in the spectrum. 

fcg., X = 1 ,2 , 3,4, ... for first, second, third and fourth lines in the 
speePum respectively. 

(ii) Series limit or last line of a series : It is the line of 
shortest wavelength or line of highest energy. 

For last line. 


n, = oo 


1 


Lyman limit = 


R 


R 


Paschen limit = —; 

3- 
R 


_ R 

'^last V , 2 ■' 

^lasl Wj 

Balmer limit = 


Brackett limit = 


A 

22 

R 


R 


Pfund limit = —; Humphrey limit = 

5- 6^ 

(iii) Intensities of spectral lines: The intensities of specPal 
lines in a particular series decrease with increase in the value of 
^2 5 <.e. , higher state. 
e-g-, 

Lyman series (2 1 ) > (3 —> 1) > (4 -»1) > (5 1) 

(ill nj) 

Balmerseries'(3-^2)>(4->2)>(5'—>2)>(6-'>-2) : 

(« 2 ^»l) -—-—-'-» 

Deoreasing intensity of the specPal lines 

Ionization Energy and Excitation Energy 

Excitation potential for n^ —> «2 




Ionization potential for /ij 


Electronic charge 
E„. 


Electronic charge 

. The energy required to remove an electron from the ground 
state to form cation, i.e., to take the electrop to infinity, is called 
ionization energy. 

IE = -Aground 

IE = 0 - £, (H)= 13.6eV atom”' 

= 2.17x10”'* J atom”' 


IE = L_-xl3.6eV 


7 2 „2 
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« » 

If an electron is already present in the excited state, then the 
energy required to remove that electron is called separation 
energy. 

F = P — F 

■^separation excited 

The following points support Bohr theory: 

(i) The frequencies of the spectral lines calculated from 
Bohr equation are in close agreement with the 
frequencies observed experimentally in hydrogen 
spectrum. 

(ii) The value of Rydberg constant for hydrogen calculated 
from Bohr equation tallies with that determined 
experimentally. 

(iii) The emission and absorption spectra of hydrogen like 
species such as He^, Li^* and Be^^ can be explained 
with the help of Bohr theory. 

Limitations of Bohr Theory 

(i) It does not explain the spectra of multi-electron atoms. 

(ii) When a high resolving power spectroscope is used, it is 
observed that a spectral line in the hydrogen spectrum is 
not a simple line but a collection of several lines which 
are very close to one another. This is known as fine 
spectrum. Bohr theory does not explain the fine spectra 
of even the -hydrogen atom. 

(iii) It does not explain the splitting of spectral lines into a 
& group of finer lines under the influence of magnetic field 

(Zeeman effect) and electric field (Stark effect). 

(iv) Bohr theory is not in agreement with Heisenberg’s 
uncertainty principle. 

SOMMEfiFELD’S £XT£N^ON OF 
BOHR THEORY 

To account for the fine spectrum of hydrogen atom, Sommerfeld, 
in 1915, proposed that the moving electron might describe 
elliptical orbits in addition to circular orbits and the nucleus is 
situated at one of the foci. During motion on a circle, only the 
angle of revolution changes while the distance from the nucleus 
remains the same but in elliptical motion both the angles of 
revolution and the distance of the electron from the nucleus 
change. The distance from the nucleus is termed as radius vector 
and the angle of revolution is known as azimuthal angle. The 
tangential velocity of the electron at a particular instant can be 
resolved into two components; one along the radius vector called 


V Radial velocitv 



Minor axis 

(a) (b) 


radial velocity and the other perpendicular to the radius vector 
called transverse or angular velocity. These two velocities give 
rise to radial momentum and angular or azimuthal momentum. 
Sommerfeld proposed that both the momenta must be integral 

multiples of—[Fig. 2.13 (b)]. 

2n 

Radial momentum = n, — 

' 2 % 

Azimuthal momentum = «* — 

* 2ji 

and are related to the main orbit ‘n’ as; 
n = n,.+«^ 

Length of major axis 
Length of minor axis 

(i) cannot be zero because under this condition, the 
ellipse shall take the shape of a straight line. 

(ii) ‘ «,j| ’ cannot be more than ‘ n’ because minor axis is always 
smaller than major axis. 

(iii) ‘ n^’ can be equal to ‘Under this condition, the major 
axis becomes equal to minor axis and the ellipse takes the shape 
of a circle. Thus, n,j, can have all integral values up to ‘ n' but not 
zero. When the values are less than ‘orbits are elliptical and 
when.it becomes equal to the orbit is circular in nature. 

For n = l,n^ can have only One value, i.e., 1. Therefore, the 
first orbit is circular in nature. 

For n = 2, can have two values 1 and 2, i.e., the second 
orbit has two sub-orbits, one is elliptical and the other is circular 
in nature. 

For n = 3,n^ can have three values 1, 2 and 3, i. e. , third orbit 
has three sub-orbits, two are elliptical and one is circular in 
nature. 

For « = 4,can have four values 1, 2, 3 and 4, j.e., fourth 
orbit has four sub-orbits, three are elliptical and fourth one is 
circular in nature (Fig. 2.14). 



Fig. 2.14 


Sommerfeld thus introduced the concept of subenergy shells. 
In a main energy shell, the energies of subshells differ slightly 
from one another. Hence, the jumping of an electron from one 
energy shell to another energy shell will involve slightly different 
amount of energy as it will depend on subshell also. This explains 
to some extent the fine spectrum.pf hydrogen atom. However, 
Sommerfeld extension fails to explain the spectra of 
multielectron atoms. 


Fig. 2.13 
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::; SSn^SoME Solved Examples\ |SS ;:: 

^ Example 18. Calculate the wavelength arid energy of 
radiation emitted for the electronic transition from infinite to 
stationary state of hydrogen atom. (Given, /?.= 1.09678 


-12 - 


X 10' m^\h = 6.6256x J-s and c = 2.9979x 10* /nS^‘) 


,8 


Solutioa: 


2, 

x' 




1 


/7j = 1 and n 2 

^ 1 


or 

We know that, 

E-hv=h- 


= R 

1 


1_ 

: oo 
1 




(°°) 

1 


R 


: 9.1 lx 10 m 


R 1.09678x10’ 

2,9979x10* 


- = 6.6256 xlO-*'^ X 
X 9.11x10 


: 2.17x10' 


•18 


Example 19. Calculate the velocity (cm /sec) of an 
electron placed in the third orbit of the hydrogen atom. Ako 
calculate the number of revolutions per second that this electron 
makes around the nucleus. 

Solution: Radius of 3rd orbit 


^3^ X 0.529x 10" 


We know that, 


nh 


mvr= — or v = - 

2n 2nmr 


= 4.761x10"® cm 
nh 


3x6624x10 


-27 


2x 3.14 X (9.108 X 10"^® )x (4.761x 10”®) 
= 0729x 10* cm/sec 


Time taken for one revolution = 


27tr 
V 

Number of revolutions per second 
_ 1 _ n 
2nr 2nr 
V 

0.729x10* 


2x3.14x4.761x10"* 

= 2.4 X lO*'^ revolutions/sec 

Example 20. The electron energy in hydrogen atom is 


given byE = - 


21.7x10' 


-12 


erg. Calculate the energy required to 


remove an electron completely from n = 2 orbit. What is the 
longest wavelength (in cm) of light that be used to cause this 
transition? 

„ .21.7x10”*^ 

Solution: E- -^-erg 

Electron energy in the 2nd orbit, i.e.,n = % 


E, 


erg'= - 5.425 x 10"” erg 


-12 


and. -E„, =0 ' . . 

AE = Change in energy = E„^ -£2 = 5.425 x 10”“ erg 
Thus, energy required to remove an electron from 2nd orbit 


= 5.425x 10 

According to quantum equation. 


-12 


erg 


A£’ = A-- 


-X 


or 


and 

So, 


x=-^ 

AE 

(h = 6.625 X 10"” erg - sec; c = 3 x lO'® cm/ sec) 
A£ = 5.425x10"” erg 
. (6.625 X 10"” ) x (3x10*®) 


5.425x10 

r^-5 


-12 


= 3.7x10"^ cm 

Thus, the longest wavelength of light that can cause this 
transition is 3.7 X 10"^ cm. 

Example 21. Calculate the shortest and longest 
wavelengths in hydrogen spectrum of Lyman series. 

Or 

Calculate the wavelengths of the first line and the series limit 
for the Lyman series for hydmgen. (Rff = 109678 cmT^) 

Solution: For Lyman series,«, = 1. 

For shortest wavelength in Lyman series (i. e ., series limit), the 
energy difference in two states showing transition should be 
maximum, 1 e, H 2 = , 


So, 


r"" 


1 


1 


l2 2 

1 00 


R^ 


X-- 


1 


= 9.117x10"'’ cm 


109678 
= 911.7A 

For longest wavelength in Lyman series (i. e., first line), the 
energy difference ift,two states showing transifiqg should be 
minimum, /. e ,«2 “ 2 


So, 

- = 

X " 

or 

X = - X 


R, 


_L-J 

1 ’ 2 

1 _ 4 

3 Rh 3x 109678 

= 1215.7 A 


= 1215.7 X 10"* cm 


, Example 22. Show that the Balmer series occurs between 
3647ia«d6563,i. (i? = 1.0968x lO’m"*) 

Solution: For Balmer series, 


2, 

x' 


--R 


]_ 

L2’ 


1 . 
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where, n = 3,4,5,... oo 

To obtain the limits for Balmer series «= 3 and n =» 
respectively. 

1 36 


{« = 3) = 


R 


1_ 

12 ^ 3 ^ 

36 


5x1.0968x10’ 
= 6563A 


(n = °°) = - 


1 


R 


1 


1 


5R 

m 

£ 

' R 


■ m 


1.0968x10' 

= 3647A 

His.„;Exaniple 23. Light of wavelength 12818 ^ is emitted when 
the electron of a hydrogen atom drops from 5th to 5rd orbit. Find 
the wavelength of the photon emitted when the electron falls from 
3rd to 2nd orbit. 

Solution: We know that, 


1 


= R 


1 


_1_ 

«2 


When, n^ =‘3 and M 2 = 5, 


1 


or 


12818 
12818 = 


■ R 


9 

9x25 


l6xR 
When, Ml = 2 and M 2 = 3, 

1 = 41- 

X [4 

X = -^ 

5R 

Dividing eqn. (ii) by eqn. (i), 
X 36 


25 


16R 

9x25 


36 


(i) 


. . ..(ii) 


16i? 


12818 5R 

X = -^ 
125 


64 

125 


9x25 
x 12818 = 6562.8 A 


4 ; Example 24. The ionisation energy of hydrogen atom is 
l3.6eV. What will be the ionisation energy of He* and LP'* ions? 

Ionisation energy = - (energy of the 1st orbit) 

Energy bf the 1st orbit of hydrogen = -13.6 eV 
Energy of the 1 st orbit of He’" = -13.6 x z’ (Z for He”" = 2) 

= -13.6x4eV = -54.4eV 
So, Ionisation energy of He"" = - (-'54.4) = 54.4 eV 

Energy of 1st orbit of Li^’" = -13.6 x 9 (Z for Li^' = 3) 

= -122.4ey 

Ionisation energy of Li^" = -(-122.4) = 122.4 eV 


4;i£,UExaiiipk! 2S.; If the energy difference between two 
electronic statef is 46.12 kcal moF^ ,what will be the frequency 
of the light emitted when the electrons drop from hi<^her to lower 
states? (Nh — 9.52x heal sec moF^, where, N is the 
Avogadro’s number and h is the Planck's constant) 

Solution: A£ = 46.12 kcalmor' 

According to Bohr theory, AE = Nhv 

M 46.12 

or V = — =-— 

Nh 9,52x10“” 

= 4.84 x 10 ” cycle see”* 

Example 26. According to Bohr theory, the electronic 
energy of the hydrogen atom in the nth Bohr orbit is given by 


21.76x10 


-19 


■J 


£„=- 


Calculate the longest wavelength of light that will be needed 
to remove an electron from the 3rd orbit of the He* ion. 

(HT19M) 

Solution: The electronic energy of He"" ion in the Mth Bohr 
orbit 

21.76x10“” 

=----X Z^ J 

M^ 

where, Z = 2 

Thus, energy of He"" in the 3rd Bohr orbit 
21.76x10“” 


m: = e„ 
= 0 - 


x4J 


21.76x10“” X 4 


21.76x10“” X 4 


We know that, X: 


6.625x10“^'* X 3x10® X 9 


he _ 

A£ 21.76x10 
: 2.055 X 10“’ m 


-J9 


x 4 


Example 27. Calculate the ratio of the velocity of light 
and the velocity of electron in the first orbit of a hydrogen 


atom. {Given, A = 6.624x10 ^’ erg-sec; mi= 9.108x 10g. 


1-28 


r= 0.529x10“® cm) 

r. , , h 


2nmr 


6.624 X 10 


-27 


2x3.14x 9.108x10“^® X 0.529x10“ 
8 


C 

V 


2.189 X 10 cm/sec 


3x10' 


10 


2.189x10' 


,8 


137 





Atomic Structure 


85 


Example 28. The wavelength of a certain line in Balmer 
series'is observed to be 4341 A. To what value of ‘n' does this 
correspond? (Rf^ = 109678 cm”') 

1 1 


^ (2)^ R 


M 

4 


For hydrogen atom, 


Solution: 


R. 


1 1 


2 ^ n^ 

1 


1 


n 


4 XxR^ 

4 4341x10”* X109678 

0.04 
1 


So, 


or 


k'' 

4 

«2 


R 

= R 

^3 

4 


« 2 , 




or 


0.04 
n = 5 


= 25 


Example 29. Estimate the difference in energy between 
the first and second Bohr orbit for hydrogen atom. At what 
minimum atomic number would a transition from « = 2 to « = 1 
energy level result in the emission of X-rays with 
X = 3.0x 10”* m ? Which hydrogen-like species does this atomic 


number correspond to? 
Solution: hE = hv- 


h-c 

IT 


(IIT 1993) 


i.e., - «! = 1 and «2 = 2 

Example 31. Calculate the energy emitted when electrons 
ofl.Og atom of hydrogen undergo transition giving the spectral 
line of lowest energy in the visible region of its atomic spectrum. 
{Rfi =1.1x10’m”';c=3xl0* m5”';A = 6.62xlO”^‘‘j-s) 

(IIT 1993) 

Solution; The transition occurs like Balmer series as 
spectral line is observed in visible region. 

ThiB, the line of lowest energy will be observed when 
transition occurs from 3rd orbit to 2nd orbit, i.e., n^ =2 and 
«, = 3. 


and 


- = ^ 
k 


AE = R-hc 


1 1 

1 _ 

' 1 1 ' 

2 ~ 2 
L”l «2j 

II 

iaa 



R 


1 1 




2 

«2 


X 1.1x10' 


AE = hc~R 
4 

6.625 X 10”’'* x 3 x 10* X 1.09678 x lO’ x 3 


= 1.635x 10”'* J 


For hydrogen-like species, 


M' = Z’ Rhc 


2 

«1 


«2 


36 


£ = Av = // - = 6.62xl0”” x3xl0* X 

X 36 

= 3.03 X 10”'® J per atom 

Energy corresponding to 1.0 g atom of hydrogen 

= 3.03 X 10”'® X Avogadro's number 

= 3.03x10”'® X 6023x10’’ J 

= 18.25x10''J 

■ Example 32. How many times does the electron go around 
the first Bohr's orbit of hydrogen in one second? 


- = z’/f 
X 


«? 




Solution: Nuntber of revolutions per second =- 

2lir 

2.188x10* 

i; =--cm/ sec 


(i) 


1 


3.0 X 10” 


■ = Z’ x 1.09678x10’ X 


1 1 


Li’ 


V- 


2a8,8xio: 


z’=- 


1 


2.188 X 10*. cm / sec 


■ = 4 


3x10”* X 1.09678x10’ x3 
or Z = 2 

The species is He*. 

Example 30. What transition in the hydrogen spectrum 
have the same wavelength as Balmer transition n = 4 to n = 2 of 
He* spectrum? (IIT 1993) 

Solution: For He* ion, 

r 

1 1 


r = f_x0.529A 
Z 

l’ s 

= — x0.529x 10 * cm 
1 

8 


= 0.529x10”* cm 


.'.Number of revolutions per sec 


2.188X 10* 


■Z^R 




2 x 3.14 x 0.529x10” 
= 6.59x10'’ 
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St Example 33. Calculate the wavelength of radiations 
emitted, produced in a line in Lyman series, when an electron 
falls from fourth stationary state in hydrogen atom. 

=1.1x10^ nr' ) 


(IIT 1995) 


Solution: 


1 


= R 


1 


1 .1x10' 


J_ 

2 

n^j 

\_ 

|2 


1 


/ 


metre 


r ■ 4" 

= 969.6xl0-‘“ 

X = 969.6A 

Example 34. What is the degeneracy of the level of the 

R, 


hydrogen atom that has the energy 

R 


IIL 

9 


Solution: 




J1 

2 


R. 


iL 

n- 9 
. n = 3 ' 

Thus, I- Oand m = 0(one 3s-orbital) 

/ = 1 aftd /n = -1,0, +1 (three 3 />-orbitals) - ; 

1 = 2 and m = - 2, -1,0, +1, + 2 (five Sc^-orbitals) 

.Thus, degeneracy is nine (1 + 3 + 5 = 9 states). 

.• Example 35. Calculate the angular frequency of an 
electron occupying the second Bohr orbit of He* ion. 


Solution: Velocity of electron (v) = 


Radius of He^ ion in an orbit (r„) = 


2nZe^ 

nh 

2,1 

n h 


4n^mZe^ 

Angular frequency or angular velocity ((o) ' 

V -InZe^ 4n^mZe^ Bn^mZ^e^ 

■ X ■ 


•(i) 

(ii) 


nh 


2 , 1 
n h 




Given,« = 2,ffi- 9.1 x 10"^* g, Z= 2,e = 4.8x 10"'“ 
h =.6.626 X 10“^^ erg«c 

22 V 


( 0 =- 


esu 


8x1— x 2^ X 9.1 X 10'^® X (4,8x10-"’)'* 

' 7j 


(2)^ X (6.626x10"^’)^ 


^2.067x10'“ sec"' 


OF oniciiyE QUiEstioiis- 


6. If the speed of electron in first Bohr orbit of hydrogen be ‘x’, 
then speed of the electron in second orbit of He'^ is: 

(a) x / 2 (b) 2x (c) x (d) 4x 

[Ans. (c)] 

. v.xZ xx2 

pint: v„=— - =-=x] 

n 2 

7. If first ionisation energy of hydrogen is £,then the ionisation 
energy of He^ would be: 

(a)£ (h)2E (c)0.5£ (d)4£ 

[Ans. (d)] 


[Hint: ^(He* ) = Z V,(H) 

= 2^x£ = 4£'] 

The number of spectral lines that are possible when electrons 
in 7th shell in different hydrogen atoms return to the 2nd 
shell is: 

(a) 12 (b) 15 (c) 14 (d) 10 

,.[Ans. (b)] 

(«2 - « l)(>»2 - + 1 ) 

2 

(7-2)(7-2+l) 


[Hint: Number of spectral lines ^ 


9. The ratio of radii of first orbits of H, He^ and Li^"^ is: 
(a)l:2:3 (b)6:3:2 (c)l:4:9 (d)9:4:l 

[Ans. (b)] 


[Hint: 


r = —XO. 529 A 
. Z 


■ 'ke* 


1 


\ 

■ 3 


10 . 


6:3:2] 

The energy of second orbit of hydrogen is equal to the energy 
of: 

(a) fourth orbit of He'^ (b) fourth orbit of Li 
(c) second orbit of He"^ (d) second orbit of Li 

[Ans. (a)] 


[Hint: 


-E = 
E,: 


■xl3.6eV 


n 

13.6 


for‘H’ 




13.6 

4 


xl3.6eV 


X 13.6 


I 


^ (Z = l,« = 2)] 

11. What is the energy in eV required to excite the electron from 
n = Ito « = 2state in hydrogen atom? (« = principal quantum 
number) (CET (J&K) 2006] 

(a) 13.6 (b)3.4 (c) 17 (d) 10.2 

[Ans. (d)] 


[Hint: 


A£ = E, 


13.6 

2A 

13.6 f I- 


13.6 


•X 13.6 = 10.2 eV] 


12. An electron in an atom undergoes transition in such a way that 

X ■ ’ ■ ' 

its kinetic energy changes from x to - , the change in 

4 


potential energy will be : 

(a)+—X (b) - —X 

2 ' 8 

[Ans. (a)] 


/ ^ 3 

(c) +-X 
4 


(d)- 
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[Hint : PE= - 2KE 
PE will change from - 2* to - 

Change in potential energy = f- 


- + 2x 
2 


-i-2x) 


PARTICLE AND WAVE NATURE OF 
ELECTRON 

In 1924, de Broglie proposed that an electron, like light, behaves 
both as a material particle and as a wave. This proposal gave birth 
to a new theory known as wave mechanical theory of matter. 
According to this theory, the electrons, protons and even atoms,' 
when in motion, possess wave properties. 

de Broglie derived an expression for calculating the 
wavelength of the wave associated with the electron. 
AccorBlHg'to Planck’s equation, 

"E = hv = h~ ...(i) 

• X 

The energy of a photon on the basis of Einstein’s mass- energy 
relationship is 

E = mc^ ... (ii) 

where, c is the velocity of the electron. 

Equating both the equations, we get . 



me p 

Momentum of the moving electron is inversely proportional to 
its wavelength. 

Let kinetic energy of the particle of mass ‘m’ is E. 

r- 1 2 

E = - mv 
■2 

2Em = mV 

■JlEm = mv= p(momentum) 



p 


Davisson and Germer made the following modification in de 
Broglie equation; 

Let a charged particle, say an electron be accelerated with a 
potential of L; then the kinetic energy may be given as: 

- mv^ =eV 
2 

= 2eVm 

mv = y/leVm = p 



X = ' for charged particles of charge q 
■yJlqVm 

de Broglie waves are not radiated into space, L e ., they are 
always associated with electron. The wavelength decreases if the 


value of mass (m) increases, i. e. , in the case of heavier particles, 
the wavelength is too small to be measured, de Broglie equation 
is applicable in the case of smaller particles like electron and has 
no significance for larger particles. 

(A) de Broglie wavelength associated with charged 
particles 

(i) For electron: 

x = l^A 

(ii) For proton: 

X = 

(iii) Fora-partieles: 

where, V = accelerating potential of these particles. 

(B) de Broglie wavelength associated with 
uncharged particles 

(i) For neutrons: 

1 _ ^ _ 6.62 

67 ^ 10-27 

0.286 

V^(eV) 

(ii) For gas molecules: 


h 

■JimkT 

where, k = Boltzmann constant ,, . ; 

Bohr theory versus de Broglie equation: One of the 
postulates of Bohr theory is that angular momentum of an electron 

is an integral multiple ofThis postulate can be derived with the 
27t 

help of de Broglie concept of wave nature of electron. 

Consider an electron moving in a circular orbit around 
nucleus. The wave train would be associated with the circular 
orbit as shown in Fig. 2.15. If the two ends of an electron wave 
meet to give a regular series of crests and troughs, the electron 
wave is said to be in phase, i. e. ,the circumference of Bohr orbit is 
equal to whole number multiple of the wavelength of the electron 
wave. 


0.286 


A^ 
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So, 


or 


2Jlr= nX 
, 2nr 


From de Broglie equation. 


X = - 


Thus, 


oY 


mv n 
mvr= n 


mu 

2nr 


In 


...(i) 

(p - velocity of electron 


and r = radii of the orbit) 

/. e., Angular momentum = n • — ... (iii) 

27t 

This proves that the de Broglie and Bohr concepts are in 
perfect agreement with each other. 


HEISENBERG UNCERTAINTY 
PRINCIPLE 


Bohr theory considers an electron a^ a material particle. Its 
position and momentum can be determined with accuracy. But, 
when an electron is considered in the form of wave as suggested 
by de Broglie, it is not possible to ascertain simultaneously the 
exact position and velocity of the electron more precisely at a 
given instant since the wave is extending throughout a region of 
space. To locate the electron, radiation with extremely short 
wavelength is required. Radiation that has short wavelength is 
very energetic in nature. When it strikes the electron, the Impact 
causes a change in the velocity of the electron. Thus, the attempt 
to locate the electron’changes ultimately the momentum of the 
"electron. Photons with longer wavelengths are less energetic and 
cause less effect on the momentum of the electron. Because of 
larger wavelength, such photons are not able to locate the 
position of an electron precisely. 

In 1927, Werner Heisenberg presented a principle known as 
Heisenberg uncertainty principle which states: “It is 
impossible to measure simultaneously the exact position and 
exact momentum of a body as small as an electron.” 

The uncertainty of measurement of position. Ax and the 
uncertainty of momentum, Ap or Amv are related by Heisenberg’s 
relationship as; . 

. ' Ax Ap>h/4it 

or Ax■ Amv >h/ An 


where, h is Planck’s constant. 

For an electron of mass »j(9.10x 10 
uncertainty is quite large. 


28 


g), the product of 


Ax-Av> 


6.626x10 


-27 


4nm 


^ 6.626 X 10~^^. 

“4x3.14x9.10x10’^* 


= 0.57 erg - sec per gram approximately 
Ax • Az> = uncertainty product 
When Ax = 0, Ay - oo and vice-versa. 


In the case of bigger particles (having considerable mass), the 
value of uncertainty product is negligible. If the position is 
known quite accurately, i.e, , Ax is very small. Ay becomes large 
and vice-versa. Thus, uncertainty principle is important only in 
the case of smaller moving particles like electrons. 

For other canonical conjugates of motion, the equation for 
Heisenberg uncertainty principle may be given as; 
momentum = mass x velocity 
velocity 

= mass X-^ X time 

time , 

= force X time 


momentum x distance = force x distance x time 


= energy X time 

Ap Ax = AE At 

AEAt>-^ 

4% 

(for energy and time) 

Similarly, A (|) A0 > — 

47t 

(for angular motion) 


On the basis of this principle, therefore, Bohr picture of an 
electron in an atom, which gives a fixed position in a fixed orbit 
and definite velocity to an electron, is no longer tenable. The best 
we can think of in terms of probability of locating an electron 
with a probable velocity in a given region of space at a given 
time. The space or a three dimensional region round the nucleus 
where there is maximum probability of finding an electron of a 
specific energy is called an atomic orbital. 

:: t USIMSome Solved Examples\ 


Example 36. Calculate the wavelength associated with an 
electron moving with a velocity qflO'® cm per sec. 

Solution: Mass of the electron = 9.10x 10’^* g 
Velocity of electron = lO'® cm per sec 
A = 6.62 X 10“^’ erg-sec 
According to de Bfoglie equation, 

v _ ft 6.62x10’^^ 

mv 9.10X 10““ X 10‘® 

= 7.72xl0“‘® cm 
= 0.0772 A 

Example 37. Calculate the uncertainty in the position ofa 
particle when the uncertainty in momentum is: 

(a) lx 10~^ g cmsec~^ (h)zero. 


Solulioil: (a) Given, 

AF= lx 10“* gcmsec“* 
h = 6.62 X 10“” erg - sec 
71 = 3.142 

According to uncertainty principle, 


So, 


Ax- Ap '-. 


Ax> 


47t 

h 


1 ,^6.62x10 


,^27 


1 




471 Ap 4x3.142 10“ 

= 0.527x10““ cm 

(b) When the value of A/) = 0, the value of Ax will be infinity. 
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' ;Pxainple38. Calculate the momentum of a particle which 
has a de Broglie wavelength of 2.5 x i0~'® m. 
ih = 6.6x{0:^ kg s~' ) 

Solution: Momehtuhi = — (using de Broglie equation) 

“K 

_ 6.6x 10~^‘’ 

2.5x10“'“ 

= 2.64 X 10”^'* kg m se'c“' 

Example 39. What is the mass of a photon of sodium light 
with a wavelength of 5S90 A? 

(/i = 6.63X 10“^^ erg-sec,c= 3x 10'“ cm!sec) 


Solution: 


or 


So, 


/w= ■ 


me 

h_ 

Xc 


6.63x10 


-27 


5890x10“* x3xl0'“ 


= 3.752x10“” g 

Example 40. The uncertainty in position and velocity of a 
particle are 10“'“/« and 5.27x 10“^“*/ns“' respectively. 
Calculate the mass of the particle, (h = 6.625 x 10“” J-s) 
Solution: According to Heisenberg’s uncertainty principle, 

Ax-mAv = — 

■ 4n 


or 


m = - 


4jt Ax • Au 

^ 6.625 X 10“” _ 

4x3.143x10“'“ X 5.27 xl0“^‘‘ 

= 0.099 kg 

Example 41. Calculate the uncertainty in velocity of a 
cricket ball of mass 150 g »/the uncertainty in its position is of the 
orJer q/l ^ (A = 6.6 X 10“” Xg s“'). 

Solution: tsx-mAv- — 

471 

h 

Av- 


471 Ax - /w 

6 .6X10“” 

4x3.143x10“'“ X 0.150 
= 3.499x10“” ms“' 

Example 42. Find the number of waves made by a Bohr 
electron in one complete revolution in the 3rd orbit. (IIT1994) 

Solution: Velocity of the electron in 3rd orbit = 

2nmr 

where, m = mass of electron and r = radius of 3rd orbit. 

. Applying de Broglie equation, 

^ _ h _h ^ 2nmr _ 27tr 

• mv m 3h 3 

KT 27tr 27tr ‘ . 

No. ot waves =- f —- x 3 = 3 

X 27tr 


Example 43. The kinetic energy of an electron is 
4.55 X 10“^^ J. Calculate the wavelength, {h = 6.6 x 10“*'* J-sec, 


mass of electron = 9.1 x 10 
Solution: 


1-31 


kg). 


or 


KE = -/mz;* =4.55x10“” 
2 

- X 9.1 X 10“*' xu" 

2 


or 


4.55X 10 

2 2x4.55x 10“” 


1-25 


9.1x10“*' 
V = 10^ ms“' 

Applying de Broglie equation, 
6.6x10“*'* 


trw 9.1x10“*' X 10* 


= 0.72x 10“® m 


Example 44. The speeds of the Fiat and Ferrari racing 
cars are recorded to ±4.5x 10“'* msec~^. Assuming the track 
distance to be known within ± 16/w, is the uncertainty principle 
violated for a 3500Xg car? 

Solution: AxAu = 4.5x 10“'* x 16 

= 7.2x 10“* m* sec“' 


6.626x10“*'* 


...(ii) 

Anm 4x3.14x3500 
= 1.507x 10“** 

Since, Ax Av> hi4nm 

Hence, Heisenberg uncertainty principle is not violated. 

Example 45. Alveoli are tiny sacs in the lungs whose 
average diameter is 5x 10“* m. Consider an oxygen molecule 
(5.3X 10“” kg) trapped within a sac. Calculate uncertainty in 
the velocity of oxygen molecule. 

Solution: Uncertainty in position Ax = Diameter of Alveoli 

= 5 x 10“'“ m 
h 


AxAv>- 


4nm 


Av>- 


6.626x10“*'* 


4x3.14x 5.3x10“” X 5x10“'“ 
Av ~ 1.99 m/ sec 


(Ul/$T^TfQM$ Of OBIECTIVE QUESTIONS _ 

13. If the kinetic energy of an electron is increased 4 times, the 
wavelength of the de Broglie wave associated with it would 
become: 

(a) 4 times (b) 2 times 


, X 1 ■ 

(c) - times 
2 


[Ans. (c)] 


1 ■ 

(d) — times 
4 


[Hint: A. = , , where, E = kinetic energy 

yjlEm 
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14, 


(b) 2.21xl0‘”g 


When, the kinetic energy of electron becomes 4 times, the 
de Broglie wavelength will become half.] 

The mass of photon having wavelength 1 nm is: 

(a) 2.21 X 10'^’ kg 
(c) 2.21 X 10“^^ kg 
[Ans. (c)] 

[Hint: X = - 


(d) 2.21 X 10““ kg 


me 

Xc 


6.626x10 


-34 


1 X 10^’ X 3 X 10'’ 

= 2.21x10’^^ kg] 

15. The de Broglie wavelength of 1 mg grain of sand blown by a 


(a) 3.3 X 10“^’ m 


-21 


(c)3.3x 10' 
[Ans. (a)] 

[Hint: 


'49 


m 


(b) 3.3xlO-‘m 
(d) 3.3 X 10“^^ 


m 


X = - 


6.626x10 


-34 


= 3.313x10"^’ 


16. 


mil 1 xTO * X 20 

In an atom, an electron is moving with a speed of600 m sec”' 
with an accuracy of 0.005%. Certainty with which the 
position of the electron can be located is: 


(X = 6.6x 10 kgm s”',massofelectron= 9.1 x 10 kg) 

(AIEEE 2009) 


(b) 5.lx 10”^ m 
(d)3.84xl0“^m 


(a) 1. 52 X 10”^ m 
(c)1.92xl0”^m 
[Ans. (c)] , ‘ 

[Hint: Accuracy in velocity = 0.005% 
600x0.005 


AU : 


100 


0.03 


According to Heisenberg’s uncertainty principle, 
h 


Ax mhv > - 


4ii 


Ax = 


66 x10” 


4 X 3.14 X 9.1 X10”'" X 0.03 
= 1.92xl0”^m] 

17, Velocity of de Broglie wave is given by: 



„ , h\ 

(a) — 

(b) — 

v 

me 

[Ans. (b)] 

[Hint: 

x= — 

mv 

h 

^=X 

hv 

mv = — 
c 

hv . 
v = — 
me 


(c) 


me 


(d) vX 


h 

P 


[pi WAVE MECHANICAL MODEL OF ATOM 

The atomic model which is based on the particle and wave nature 
of the electron is known as wave mechanical model of the 
atom. This was developed by Erwin Schrodinger in 1926. This 
model describes the electron as a three-dimensional wave in the 
electronic, field of positively charged nucleus. Schrodinger 
derived an equation which describes wave motion of an electron. 
The differential equation is: 








• -L- 




(£-F)\|/ = 0 


dx^ dyP- dz^ 
where, x, y and z are cartesian coordinates of the electron; 
m - mass of the electron; E = total energy of the electron; 
V = potential energy of the electron; k = Planck’s constant and 
\|;(psi) = wave function of the electron. 

Significance of \|/: The wave function may be regarded as 
the amplitude function expressed in terms of coordinates 
X, yand z. The wave function may have positive or negative 
values depending upon the values of coordinates. 

The main aim of Schrodinger equation is to give a solution f6r 
the probability approach. When the equation is solved, it is 
observed that for some regions of space the value of tjt is positive 
and for other regions the value of i]/ is negative. But the 
probability must be always positive and cannot be negative. It is, 
thus, proper to use i)/ ^ in favour of \|/. 

Significance of is a probability fector. It describes 

the probability of finding an electron within a small space, The 
space in which there is maximum probability of finding an 
electron is termed as orbital. 

The solution of the wave equation is beyond the scope of this 
book. The important point of the solution of this equation is that it 
provides a set of numbers, called quantum numbers, which 
describe energies of the electrons in atoms, information about the 
shapes and orientations of the most probable distribution of 
electrons around the nucleus. 

Wave function \|t can be plotted against distance ‘r’ from 
nucleus as. 



For hydrogen wave function, number of nodes can be 
calculated as, ' 
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(i) Number of radial nodes = (n - 1 - 1) 

(ii) Number of angular nodes ~l 

(iii) Total number of nodes = («-!) 

(iv) Number of nodal planes = l 

Note: If the node at r = “ is also considered then no, of nodes will be 
‘n’ (not n - 1). 

Examples: (i) For h-orbital « = 1, /=0, it will have no 
radial or angular node. 

(ii) For Is-orbital, n = 2, 1=0, it will have only one radial 
node. 

(iii) For3s-orbital, n = 3,1=0, it will have two radial nodes. 

(iv) For 2p-orbital, n = 2, l=\, it will have no radial node 
but it has only one angular node. 

(v) For 3 p-orbital, n = 3,l=\,it will have one radial and one 
angular node. 

For s-orbitals: 

(n - 1) radial nodes + 0 angular node = (n- 1) total nodes. 

Forp-orbitals: 

(n - 2)radial nodes + 1 angular node = (« - l)total nodes. 

For <f-orbital$: 

(n- 3) radial nodes + 2 angular nodes = (n - 1) total nodes. 

d 2 like all <f-orbitals has two angular nodes. The difference is 
that the angular nodes are cones in a d ^2 orbital, not planes. 


Operator form Schrodinger Wave Equation 

HW=EW (Operator form) 


where H - 




■ +V 


■ Hamiltonian operator 


= f+ V 

Here, t = Kinetic energy operator 
V = Potential energy operator 
Complete wave function can be given as 
'P(r,0,(t))= R(r) 0(6 ) €>(<!)) 

Radial i^rt Anguiar part 

Dependence of the wave function on quantum number can be 
given as, 

'P„,„(r,0,<|))=i?„,(r) 0,,(0)O,(<|)) 


The function R depend only on r, therefore they describe the 
distribution of the electron as a function of r from the nucleus. 
These functions depend upon two quantum numbers,« and 1. The 
two functions 0 and # taken together give the angular 
distribution of the electron. 

The radial part of the wave function for some orbitals may be 
given as, 


n 

. 1 


R 


ni 


-ZrlaQ 


2s 


2p 






Zr 


1 


JL 

S 


Zr 

y'^oj 


sm. 


HJ 

Zr 




-ZrllOi^ 


-ZrllaQ 


where, Z = atomic number, ao = radius of first Bohr orbit of 
hydrogen. 


Plot Of Radial Wave Function ‘R’: 




Number of radial nodes = («-/“!). 

At node, the value of /i? 'changes from positive to negative. 


Plot of Radial Probability Density 



The plots of probability, i.e.,R^ or are more meaningful 
than the plots of functions themselves. It can be seen that for both 
Is and 2s orbitals, the probability has a maximum value at r= 0, 
i.e., in the nucleus. In case of 2s orbital, one more maximum in 
the probability plot is observed. 


Plot of Radial Probability Function (Anr^R^): 

In order to visualize the electron cloud within a spherical shell 
is placed at radii V’and ‘r + dZ from the nucleus. Thus radial 
probability function describes the total probability of finding the 
electron in a spherical shell of thickness located at the 
distance r from the nucleus. 

R.P.F. = (Volume of spherical shell) x Probability density 
= (4nr^dr)xR^ 


t 

CM 



In the plot of radial probability against ‘r’, number peaks, i.e., 
region of maximum probability = n-1. 
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fttUMWS OF OWEaiVE QUESTIONS 



If the above radial probability curve indicates ‘2s’ orbital, the 
distance between the peak points X, 7 is: 

(a)2.07A (b)1.59A (c) 0.53 A (d)2.12A 

[Ans. (a)] 

[Hint: A=0.53A, r = 2 . 6 A 

y-A'= 2.6-0.53 = 2.07A] 

19. Plots for 2s orbital are: 




X,Y and Zare respectively 

(a)^,^^ and4nr^i?^ (b) anddnr^J?^ 

(c) and R (d) R'^,An?R^ and R 

[Ans. (b)] 

[Hint: Y will be definitely ‘R’ because value of R cannot be 
negative, thus X will be and Z will be 4'rct^R, Z represents 
radial probability function; its value will be zero at origin] 

20. The wave function ([P) of 2s is given by : 

sl/2 


‘P. 


1 


2s ■ 


2V2i 


1 




2 -— 

«oJ 


At r = /q. radial node is formed. Thus for 2s, 75 in terms of Oq 


(a) /5 = Of) (b) = 2ao (c) Tq = % / 2 (d) Tq = 4flo 

[Ans. (b)] 

[Hint: When r = ro, vj/ 2 , = 0, then from the given equation: 


2 -- 


:0 


'■ = 2%] 

21. The wave function for Is orbital of hydrogen atom is given 
by; 

w — JL ..“'■/’“o 

where, = Radius of first Bohr orbit 

r = Distance from the nucleus (Probability of finding 
the electron varies with respect to it) 

What will be the ratio of probabilities of finding the electrons 
at the nucleus to first Bohr’s orbit Oq ? 


(a)e 


(b)e^ 


(C) 1/e" 


[Hint: For Is orbital, probability of finding (he electron at the 
nucleus is zero.] 

22. The radial wave equation for hydrogen atom is: 

1 




r , a3/2 


16n/4 




[(jt- l) (j«:^ -&c + 12)]e‘ 


.»/2 


where, x = 2rl Qq; % = radius of first Bohr orbit. 

The minimum and maximum position of radial nodes from 
nucleus are: 

(a)uo,3ao (b)^,3uo (c)^,«o (d)^,4uo 

2 2 2 ■ 

[Ans. (b)] 

[Hint: At radial node, T = 0 

.•. From given equation, 

X-1 = Oandx" - 8x + 12 = 0 


i.a, 


when 


x-l = 0 => x = l 

— = 1; r = — (Minimum) 

Oo 2 

x"-Si:+12 = 0 
(x-6)(x-2) = 0 
x-2 = 0 
x = 2 

2/* ' . 

— = 2 , f.c., r = Uq (Middle value) 
% 


when 


x-6 = 0 
x = 6 

^ = 6 
% 


r = 3^0 (Maximum)] 


2.16: QUANTUM NUMBERS 

As we know, to search a particular person in this world, four 
things are needed: 

(i) The country to which the person belongs 

(ii) The city in that country to which the person belongs 

(iii) The street in that city where the person is residing 

(iv) The house number 

Similarly, four identification numbers are required to locate a 
particular electron in an atom. These identification numbers are 
called quantum numbers. The four quantum numbers are 
discussed below. 


Principal Quantum Number 

It was given by Bohr; it is denoted by ‘«’. It represents the 
name, size and energy of the shell to which the electron belongs. 
The value of lies between 1 to 00 . 

«= 1,2,3,4,..,00 

Value of n = 1. 2 3 4 5 6 7 

Designation of shell = K .L M N O P Q 

(i) Higher is the value of ‘n’, greater is the distance of the 
shell from the nucleus. 


(d) zero 
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/■= —X0.529A 
Z 

(ii) Higher is the value of ‘ n\ greater is the magnitude of 

energy. 

£■) < £"2 < < £4 < £5 ... 

£ = _fl_x.21-69xl0-‘® J/atom 


=-- X 313.3 kcal per mol 

Energy separation between two shells decreases on moving 
away from nucleus. 

(£2 ~ £, )> (£3 - £2 )> (£4 -£3 )> (£5 - ^^ 4 ) . 

(iii) Maximum number of electrons in a shell* = 2n^ 

(iv) Angular momentum can also be calculated using 
principal quantum number 

nh 


mvr- 


2n 


Azimuthal Quantum Number 

It was given by Sommerfeld; it is also called angular 
quantum number, subsidiary quantum number or secondary 
quantum number. It is denoted by ‘ f; its value lies between 0,1, 
2....(b-1). 

It describes the spatial distribution of electron cloud and 
angular momentum. It gives the name of the subshell associated 
with the main shell 

/ = 0 s-subshell; / = 1 p-subshell; 
l~2 cf-subshell; / = 3 /-subshell; 

/ = 4 g-subshell. » 

p, d, f and g are spectral terms and signify sharp, principal, 
diffused, fundamental and generalised respectively. 

The energies of the various subshells in the same shell are in 
the order of s< p<d < f <g (increasing order). Subshells 
having equal / values but with different n values have similar 
shapes but their sizes increase as the value of ‘b’ increases. 
25-subshell is greater in size than b-subshell. Similarly 
2/7,3/7,4/^subshells have similar shapes but their sizes increase 
in the order 2p <3p < 4p. ' 

Orbital angular momentum of an electron is calculated using 
the expression 

=^iii+\)^ = ^iii+\)n 

271 

, j. A 

here, « = — 

271 

The magnitude of magneti c mome nt may be given as: 

Pi =V/(/+l)BM 

where, BM = Bohr Magneton 

1 bM = = 9.2732 X 10^“ J 

47t»lC 

Maximum electrons present in a subshell = 2(21 +1) 


s- subshell —> 2 electrons d- subshell —> 10 electrons 

p-subshell —> 6 electrons /-subshell —> 14 electrons 

g-subshell —> 18 electrons 

Magnetic Quantum Number 

This quantum number is designated by the symbol ‘m’. To 
explain splitting of a s|^gle spectral line into a number of closely 
spaced lines in the presence of magnetic field (Zeeman effect), 
Linde proposed that electron producing a single line has several 
possible space orientations for the same angular momentum 
vector in a magnetic field, i. e., under the influence of magnetic 
field each subshell is fiirther sub-divided into orbitals. Magnetic 
quantum number describes the orientation or distribution of 
electron cloud. For each value of the magnetic quantum 
number ‘m’ may assume all integral values from -/ to + / 
including zero, i. e. , total (2/ + 1) values. 

Thus, when I = 0,m = 0 (only one value) 

when / = 1, m = -1,0, +1 (three values) 

i. e., three orientations. 

One orientation corresponds to one orbital. Three orientations 
(orbitals) are designated as p^, Py and p^. 

When / = 2,»i=-.2,-l,0,+1, + 2 (five values), i.e., five 
orientations. 

The five orbitals are designated as: 

_ ^2 ®ttd d ^2- 

When / = 3, m = - 3, - 2, -1,0, + 1, + 2, + 3 (seven values), i. e., 
seven orientations. 

Different values of ‘/n’ for a given value of provide the total 
number of ways in which a given s, p, d and / subshells in 
presence of magnetic field can be arranged in space along 
X, yand z axes or total number of orbitals into which a given 
subshell can be divided. 

When / = 0, OT = 0, f. e. , one value implies that ‘ s' subshell has 
only one space orientation and henc?* it can be arranged in space 
only in one way along x, >’ or z axes. Thus, ‘s’ orbital has a 
symmetrical spherical shape.and is usually represented as in Fig. 
2.16, 

In case of Is-orbital, the electron cloud is maximum at the 
nucleus and decreases with the distance. The electron density at a 
particular distance is uniform in all directions. The region of 
maximum electron density is called antinodb In case of 
‘Zf-orbital, the electron density is again maximum at the nucleus 
and decreases with increase in distance. The ‘Is’-orbital differs in 
detail from a Is-orbital. The electron in a ‘Zs’-orbital is likely to be 
found in two regions, one near the nucleus and other in a 
spherical shell about the nucleus. Electron density is zero in 
nodal region. 


I I 
I t 
I \ 


^'""1_"'‘n 99% contour 

1 ] 


-.'‘T'v \\ 


M S<l' ''''l ii 


99% contour 


Node 

Antinode 


1 s 


2s-orbital 


*No energy' shell in atoms of known elements possesses more than 32 electrons. 





, z Nodal 
^1 surface 


Fig. 2.16 

When / = 1, ‘nf has three values -1, 0, +1. It implies that ‘p' 
subshell of any energy shell has three space orientations, i.e., 
three orbitals. Each p-orbital has dumb-beU shape. Each one is 
disposed symmetrically along one of the three axes as shown in 
Fig. 2.16. p-orbitals have directional character. 

Orbital Pz Px Py 

m 0 ±1 ±1 

Nodal plane xy yz zx 


Orbital 


Nodal planes: 


Orbital 


4 2 2 

X - y 


Nodal planes 


When l = 2,‘m’ has five values -2, -1, 0, + 1, + 2. It implies 
that fif-subshell of any energy shell has five orientations, i. e., five 
orbitals. All the five orbitals are not identical in shape. Four of 
the J-orbitals d^,dy^,d^,d 2 _ 2 contain four lobes while 
fifth orbital d j consists of only two lobes. The lobes of d^ 
orbital lie between xand y-axes. Similar is the case for 
dy, and d ^. Four lobes of 2 _ 2 orbital are lying along xandy- 
axes while the two lobes of 5 2 orbital are lying along z-axis and 
contain a ring of negative charge surrounding the nucleus in 
xy-plane (Fig. 2.16). 


d 2 2 X— y = 0,x+y = 0 

X -y ^ y ^ 

d 2 , No nodal plane, it has 
a ring around the lobe 

There are seven /-orbitals designated as / , , , / , 2 2., 

x{x - y ) yv^ - y ) 

/ , , j/j,/ 2 and / 2 • Their shapes are complicated 

z{x - y ) z yz xz 

ones. 

Positive values of mi describes the orbital angular momentum 
component in the direction of applied magnetic field while the 
negative values of m/ are for the components in opposite 


direction to the applied magnetic field. 
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Fig. 21.6 (a) Space quantization in magnetic fieid 


Characteristics of Orbitals 

(i) All orbitals of the same shell in the absence of magnetic 
field possess same energy, i. e., they are degenerate. 

(ii) All orbitals of the same subshell differ in the direction of 
their space orientation. 

(iii) Total number of orbitals in a main energy shell is equal to 
(but not more than 16 in any of the main shells of the known 

elements). 

n = 1 No. o.f orbitals = (1)^ = 1 (ly) 
n = 2 No. of orbitals = (2)^ = 4 (2s, 2p^,2py,2p^ ) 

« = 3 No. of orbitals = (3)^ = 9 (3s, 3/?^. , 3py , 3p ^, 3djcy, 

3dy ^, 3d ^, 3d^2 _ y2 > ^2 ) 

n = 4 No. of orbitals = (4)^ =16 

The division of main shells into subshells and that of subshell 
into orbitals has been shown below; 

Note; Magnetic quantum number also represents quantized value of 
z-component of angular momentum of the electron in an orbital 
through the expression 

' ( h 

Utt 



If 9 is the angle between z-axis and angular momenrnm vector. 


Lz-L cos 9 



^1(1 + 1) — cos 9 
271 


or 


m =yi(l + 1) cos 9 


1st-shell 

Main shell 

Subshells 

Orbitals 

(K-shell) 

n= 1 

1s(/ = 0) 

1 s (m = 0) 

2nd-shell 


2s (1 = 0) 

2s (m = 0) 

(L-shell) 

n = 2 


^^.''2p,(m = 0) 



2p(/ = 1) 

^'^^2py(m = ±^) 




2p„(m = ± 1) 



(1 = 0) 

3s (m = 0) 

3rd-shell 


/ 

/ 

3p^(m = 0) 

(M-shell) 

n.= 3 . 

\ 3p(l=^) 

3Py(m = ±A) 



\ 

\ 

3p,.(m = ±t) 


w 

3d(/ = 2)\^ 

/'3dp(m = 0) 


3c42_y2 (/71 = ±2) 
^ = ±1 ) 
\, Zdyz(m = ±^) 

3d,^(m = ±2y 


Degenerate Orbitals 


Orbitals which are located at the same energy level on the energy 
level diagram are called degenerate orbitals. Thus, electrons have 
equal probability to occupy any of the degenerate orbitals. 
p^, Py and p^-—> 3-fold degenerate 
i/-orbitals -—> 5-fold degenerate 
/-orbitals ——> 7-fold degenerate 
Degeneracy of p-orbitals remains unaffected in presence of 
external uniform magnetic field but degeneracy of d and 
/-orbitals is affected by external magnetic field. 

Spin Quantum Number 


It is denoted by ‘ s’ and it was given by Goldschmidt. 

Spin quantum number represents the direction of electron spin 
around its own axis. 

(i) For clockwise spin, s = + arrow representation). 

(ii) For anticlockwise spin, s = - (>l arrow representation). 

Spin electron produces angular momentum equal to given by 

= -^Jsis + 1) — , where, « = + 

2n 

Total spin of an atom = nxy^ (n = number of unpaired 

electrons) 


Spin magnetic moment (p^) is given by 
p^ = ,Js(s + l) 

2nmc 

Each orbital can accommodate two electrons with opposite 
spin or spin paired; paired electrons cancel the magnetic moment 
and develop mutual magnetic attraction as shown in the 
following Fig. 2.17. 


N S 



Electrons having same spin are called spin parallel and those 
having opposite spin are called spin paired. 

Spin paired — 


T,l, 


Spin parallel 




Spin multiplicity: 

Spin multiplicity = [2 Zs + 1] 
where, s = spin quantum number 

e.g., carbon = 2s^ 


2p^ 


Normal state = 

ti 


Ti 


T 

T 






Excited state = 

Ti 


T , 


T . 

T 

T 
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Spin multiplicity = 2 

2^ PAULI’S EXCLUSION PRINCIPLE 

Each electron in an atom is designated by a set of four quantum 
numbers. In 1925, Pauli proposed that no two electrons in an 
atom can have same values of all the four quantum numbers. 

An orbital accommodates two electrons with opposite spin; 
these two electrons have same values of principal, azimuthal and 
magnetic quantum number but the fourth, i.e., spin quantum 
number will be different. 

This principle, can be illustrated by taking example of 
nitrogen. 

N, = h^' ; 2s’ ; Ip^ 

= Is^ ; 2s^ ; 2pl 2p\. 2pl 


Principal quantum number («) 

Azimuthal quantum number (/) 0 011 1 

Magnetic quantum number (m) 0 0 +1-10 

Spin quantum number (f) +^2 “ 

Out of seven electrons no two have same values of all four 
quantum numbere. With the help of this principle, it is possible to 
calculate the maximum number of electrons which can be 


accommodated on main energy shells and subshells. 


Printtpal Azininthal Magnetic 
Q.N«. Q-Plo. Q.No. 

‘P ‘iw’ 

Spin 

Q.Nn. 

No. of 
dectroas 

ona 

rabsbeU 

No. of 
d^trons 

ona 

mafnslien 

1 

0(5) . 

0 


2 

2 

2 ' 

0(5) 

0 

+ / 2>-/2 

2 



l(p) 

-1 

1 


8- 



0 

+ 

1 

6 




+1 

+ / 2.-/2 J 



3 

0(5) 

- 0 

+/ 2 .-K 

2 




■ -1 

+ K>-K ' 




1(P) 

0 

+ >^,-/2 

6 




+1 

+ 

1 





-2 



18 



' -1 ’ 

+ 

1 




%d) 

0 


10 




+1 

1 

2:5 

+ 





+2 

+ / 2 .- K ^ 




Ti 


ti 


,2 


2 2 2 


n. f 1 

+- 5+ — 
V I 2 


+ 1=5 


Principal Azimuthal Magnetic 
Q. No. Q. No. Q. No. 
*«’ ‘r ‘fli’ 

Spin 

Q.No. 

V 

No. of 
electrons 

on a 

subshell 

No. of 
electrons 

ona 

main shell 

,4 

0(5) 

0 

+ 

1 

2 



l(p) 

2(d) 

-3 

+ /2,->< 

6 

10 




-2 

+ /2>-/2 





-1 

+K.-/2 


32 


3(/) 

0 


14 




+1 






+2 

+>2'-J4 





+3 

+y2.-/2 




Conclusions: 

(i) The maximum capacity of a main energy shell is equal to 
2n^ electrons. 


(ii) The maximum capacity Of a subshell is equal to 2(2/ + 1) 
electrons. 


Subenergy shell 

Azfanntbal 
Q. No. ‘r 

Maxunom capacity of 
electrons 2(21 +1) 

■ S 

0 

2(2x0+ 1) = 2 

p 

1 

. 2(2x1+1) = 6 

d 

2 ■ 

2(2x2+ 1)=10 

f _ 

3 

2(2x3+ 1)= 14 


(iii) Number of subsheils in a main energy shell is equal to the 
value of n. 


Valneofn No.ofwl^ 

SII^Uw 

Oes^natedas 

1 

1 

Ls 

2 

2 

25, 2p 

3 

3 

3s, 3p, 3d 

4 

4 

4s, 4p, 4d, 4/ 

(iv) Number of orbitals in a, main energy shell is equal to n ‘ 

u No.oforUtals 

1 

(1)' = 1 5 


2 ■ , 

(2)^ = 4 s,p^iPy,p. 


3 

(3} — 9 Pjr* Py» Pz^ 



(v) One orbital cannot have more than two electrons. If two 
electrons are present, their spins should be in opposite 
directions. 





23. 


The orbital angular momentum of an electron in a rf-orbital is: 





-(d) 


(DCE 2007) 

Ik 

2 % 


-[Ans. (a)] 
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24. 


25. 


[Hint: 


Orbital angular momentum = ^l{l + 1) 


_h_ 

2n 


= J2(2+ 1) —= 
^ 2n 


s 


A 

2Jt 


(Here, / = 2, for <i-orbitals)] 

Which of the following sets of quantum numbers is correct for 
an electron in 4 /-orbital? 

(Jamia Millia Islamia Engg. Ent. 2007) 

(a) « = 4, / = 3, m = -t- 4, s = + )^ 

(b) n = 4,l = 4,m = -4,s=~)^ 

(c) n = 4,1 = 3,m= + l,s = + 

(d) n = 3,/=2,»i=-2,s = +)^ 

[Ans. (c)] 

[Hint: For 4/,« = 4,/ = 3, w = -3, -2, -1,0, + 1, + 2, + 3 
S = -/2 0T + }i] 


Match the List-1 with List-II and select the coirect set from 
the follow'ing sets given below: 


List-I List-U 

(A) The number of sub-energy levels in an (1) 

energy level 

(B) The number of orbitals in a sub-energy (2) 3d 
level 

(C) The number of orbitals in an energy level (3) 2/ + 1 

(D) nts3,l=Zm=0 . (4) w 


Sets (A) 

(B) 

(C) 

[PET (Raj.) 2005] 
(D) 

(a) 4 

3 , 

1 

2 

(b) 3 

1 

2 

4 

(c) 1 

2 

3 

4 

(d) 3 

4 

1 

2 

[Ans. (a)] 

[Hint: Number of orbitals in a shell 

= «" 


AUFBAU PRINCIPLE 

Aufbau is a German word meaning ‘building up’. This gives us a 
sequence in which various subshells are filled up depending on 
the relative order of the energy of the subshells. The subshell 
with minimum energy is filled up first and when this obtains 
maximum quota of electrons, then the next subsheU of higher 
energy starts filling. 

The sequence in which the various subshells are filled is the 
following: *1 


/ = 0 1=1 1 = 2 1 = 3 


n= 1 
n=2 
n=3 
n = 4 
n = 5 
n = 6 
n=7 
n = 8 


1 s 




\2s 


2p\ 




3s 


3p 


3(# 




4s 


4p 


!4d 


4f 


5s 


YZ/Z/Z/ 


5p' 


5d 


5f 




6s 


6i? 


6d 




7s 


8S 


7p\ 


Fig. 2.18 Order of filling of various subshells 


Number of subshells in a .shell = n 
Number of orbitals in a subshell = {21 + 1) 
n = 3, / = 2, m = 0 represents 3<fl 

26. Which of the following is not possible? 

[BCECE (Medical) 2007] 

(a) w = 2, / = 1, ffi = 0 (b) « = 2, / = 0, m = -1 

(c)« = 3, / = 0, m = 0 (d) « = 3, / = 1, w = -1 

[Ans. (b)] 

[Hint; When / = 0, ‘m’ will also be equal to zero.] 

27. What is the maximum number of electrons in an atom that can 

have the quantum numbers n = 4, = +1 ? 

|PMT (Kerala) 2007] 


(a) 4 

(b)15 

(c)3 

(d)l 

(e)6 

[Ans. 

(e)] 




[Hint: 

« = 4; 

/ = 0; 

m^=0 




/ = 1; 

= - 

1,0, + 1 



1 = 2; 

«« = - 

2,-1,0,+ 



1 = 3; 

m, = - 

3,-2,-l, 


There are three orbitals having = + 1, thus maximum number 
of electrons in them will be 6.] 


ls,2s,2p,3s,3p,4s,3d,4p,5s,4d,5p,6s,4f,5d,6p,7s,5f,^,7p. 

The sequence in which various subshells are filled up can also 
be determined with the help of {m- /) value for a given subshell. 

The subshell with lowest (n + /) value is filled up first. When 
two or more subshells have same (n + f ) value, the, subshell 
with lowest value of *it’ is filled up first. 


SubsheU 

n 

1 

(« + 0 


b 

1 

0 

1 


2s 

2 

0 

^ 2 


Ip 

2 

■ 1 

3 1 

Lowest value of n 

3s 

3 ■ 

0 

3 J 


3p 

3 

1 

4 - 1 

1 Lowest value of n 

4s 

4 .Iv 

0 

4 J 


3d 

3 

2 

■ 5 ] 


4p «!, 

4 

1 

5 

Lowest value of n 

5s 

5 

0 

5 
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Subshell 

It 




4d 

4 

2 

;■ 6 1 

- 

5/7 

5 

1 

' ^ 

j Lowest value of « 

65 

6 

0 

- 6 J 


4/ 

4 

3 ^ 

7 


5d 

5 

2 . 

7 

Lowest value of « 


6 

1 

7 


Is 

7 

0 

7 


5/ 

5 

3 

8 1 


6d. 

6 

2 

8 

1 Lowest value of n 


7 

1 

8 - 



The energy of electron in a hydrogen atom and other single 
electron species like He^, Li^-" and Be^”" is determined solely by 
the principal quantum number. The energy of orbitals in 
hydrogen and hydrogen like species increases as follows: 

Is < 2s = 2p < 3s = 3 j 9 = M < 4s = 4/7 = 4d = 4/ <... 

The complete electronic configuration of all the known 
elements have been given in the table on next page. It is observed 
that few of the elements possess slightly different electronic 
configurations than expected on the basis of Aufbau Principle. 
These elements have been marked with asterisk {*) sign. 

HUND’S RULE OF MAXIMUM 
MULTIPLICITY (Orbital Diagrams) 

There is one more method of representing the electronic config¬ 
uration which is usually called as orbital diagram. In this method, 
the electron is shown by an arrow: upward direction t (clockwise 
spin) and downward direction i (anti-clockwise spin). 


To indicate the distribution of electrons among the orbitals of 
an atom, arrows are placed over bars that symbolise orbitals, 

T 

Hydrogen, for example, is represented as —. The next element 

Is 

ti 

with atomic number 2 is helium. It is represented as , i. e., 

both the electrons are present on the same orbital Is and are paired 
(spins are in opposite directions). The next two elements are Li 
and Be with three and foiu electrons, respectively. These are 
represented by orbital diagrams as: 

n t 


Li 

Be 

These can also be written as: 
Li 

Be 


Is 2s 

nn 

Is 2s 


[He] 


[He] 


1 

2s 

n 

2s 


In Be, 2s-oibital has been completed. The fifth electron in the 
case of boron enters the next available subshell which is 2p. Thus, 
the electronic configuration of boron is Is^ 2s^ 2/?*. In the orbital 

ti t 

diagram [He]-, the 2p subshell has three orbitals 

2s 2p 


p^, Py and . All the three have same energy. The electron can 
be accommodated on any one of the 2p-orbitals, In the case of 
carbon, sixth electron is also accommodated on 2/7 subshell and 
its electronic configuration is represented as Is^ 2s^2p^ but three 
orbital diagrams can be expected. 


(i) [He] 


2s L2/7-J 


tit i 


Electrons are present on two 
different orbitals with parallel spins. 


(ii) [He]-^f 


2s L 2 / 7 J 

ti ti 

I—2/7—1 


— Electrons are q^resent on two 


(iii) [He]i^^ — 


different orbitals with opposite spins. 

Both the electrons are present on 
one orbital with opposite spins. 

Experiments show that (i) orbital diagram is correct while (ii) ' 
md (iii) are not correct. This has given birth to a new rule known 
as Hund’s rule of ma xi mum multiplicity. It states that electrons 
are distributed among the orbitals of a subshell in such« way 
^s to give the maximum number of unpaired electrons with 
parallel spins. Thus, the orbitals available in a subshell are first 
filled singly before they begin to pair. This means that pairing of 
electrons occurs with the introduction of second electron in 
s-orbitals, the fourth electron in /7-orbitals, sixth electron in 
d-orbitals and eighth electron in /-orbitals. The orbital diagrams of 
nitrogen, oxygen, fluorine and neon are as given below: 


Nitrogen 

(7) 

[He] 

t4. t t t 

2s 1—2/)J 

Oxygen 

(8) 

[He] 

n ti r/ 

2s L 2 / 7 J 

Fluorine 

(9) 

[He] 

■u ti n t 

2s L 2/7—1 

Neon. 

(10) 

[He] 

ti Ti ti ti 


2s L.2/7—1 

The orbital diagrams of elements from atomic number 21 to 30 
can be represented on similar lines as below: 


Sc 

[At] 3d ' 4s^ [Ar] 

t 


— 

— 

— 

ti 

Ti 

[Ar] 3d ^ 4s^ 

t 

- 2 

— 

— 

— 

-n 

V 

[Ar]3dMs^ 

t 

t 

t 

— 

— 

ti 

Cr 

[Ar] 3d ^ 4s' 

t 

t 

1 

t 

t 

t 

Mn 

[Ar] 3d ^ 4s^ 

t 

t 

1 

1 

:• t 

ti 

Fe 

•[Ar]3rf*4s^ 

ti 

t 

t ' 

t 


ti 

Co 

[Ar] 3d ^ 4s^ 

ti 

ti 

1 

T 

1 

ti 

Ni 

[At] 3d ® 4s^ 

ti 

ti 

ti 

!■ • 

■ t 

ti 

Cu 

[Ar] 3d 4s' 

ti 

ti 

. ti'- 

n 

ti 

t 

Zn 

[Ar] 3d “ 4 / 

ti 

ti 

u 

ti 

ti 

n 



V_ 





4s 
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ELECTRONIC CjONFIGURATION OF ELEMENTS 


* Element 

At. No. 

Is 



.3s . 

3p 

r3rf 

4s: 


4d 

4/ 

SsSpSdSf 

H 

1 

1 











He 

2 

2 










(Is completed) 

Li 

3 

2 

1 










Be 

4 

2 

2 









(2s completed) 

B 

■ 5 

2 

2 

1 









C 

6 

2 

2 

2 









N 

7 

2 

2 

3 









O 

. 8 

2 

.2 

4 









F 

9 

2 

2 

5 


' 






■ 

Ne 

10 

2 

2 

6 








(2|! completed) 

Na 

11 

2 

2 

6 

1 








Mg 

12 

2 

2 

6 

2 







(3s completed) 

A1 

13 • 

2 

2 

6 

2 

1 







Si 

14 

2 

2 

6 

2 

2 







P 

15 

2 

2 

6 

2 

3 







S 

16 

2 

2 

6 

-2" 

4 







Ci 

17 

2 

2 

6 

2 

5 







At 

18 

2 

2 

6 

2 

6 






(3completed) 

K 

19 

2 

2 

6 

2 

6 


1 





Ca 

20 

2 

2 

6 

2 

6 


2 




(4s completed) 

Sc 

21 

2 

2 

6 

2 

6 

1 

2 





Ti 

22 

2 

2 

6 

2 

6 

2 

2 





V 

23 

2 

2 

6 

2 

6 

3 

2 





♦Cr 

24 

2 

2 

6 

2 

6 

5 

1 





Mn 

25 

2 

2 

6 

2 

6 

5 

2 





Fe 

26 

2 . 

2 

6 

2 

6 

6 

2 





Co 

27 

2 

2 

6 

2 

6 

7 

2 





Ni 

28 

2 ' 

2 

6 

2 

6 

8 

2 





*Cu 

29 

2 

2 

6 

2 

6 

10 

1 





Zn 

DO 

2 

2 

6 

2 

6 

10 

2 




(3d completed) 

Oa 

31 

2 

2 

6 

2 

6 

10 

2 

1 




Ge 

32 

2 

2 

6 

2 

6 

10 

2 

2 




As 

33 

2 

2 ■ 

6 

2 

6 

10 

2 

3 




Se 

34 

2 

2 

6 

2 . 

6 

10 

2 

4 




Br 

,35 

2 

2 

6 

2 

6 

10 

2 

5 




Kr 

36 

2 

2- 

6 

2 

6 

10, 

2 

6 



(4p conqtleted) 

Rb 

, 37 

2 

' 2 

6 

2 

6 

10 

2 

6 


r ^ 

1 

Sr 

38 

2 

2 

6 

2 ■ 

6 

10 

2 

6 



2 (5s completed) 

Y 

39 

2 

2 

6 

2 

6 

10 

2 

6 

1 


2 

Zr 

40 

2 

2 

6 

.2 

6 

10 

2 

6 

2 


2 

*Nb 

41 

2 

2 

6 

2 

6 

10 

2 

6 

4 


1 

♦Mo 

42 

2 

2 

6 

2 

6 

10 

2 

6 

5 


1 

Tc 

43 

2 

2 

6 

- 2 

6 

10 

2 

6 

5 


2 

♦Ru 

44 

2 

2 

6 

2 

■ 6 

10 

2 

6 

7 


1 

♦Rh 

45 

2 

2 

6 

■2 

6 

10 

2 

6 

8 


1 

*Pd 

46 

2 

2 

6 

2 

6 

10 

2 

6 

10 



*Ag 

47 

2 

2 

6 

2 

6 

10 

2 

6 

10 


1 

Cd 

48 

2 

2 . 

6 

2 

6 

10 

2 

6 

10 

' 

2 (4d completed) 

In 

49 

2 

2 

6 

2 . 

6 

10 

2 

6 

10 


2 1 

Sn 

50 

2 

2 

6 

2 

6 

10 

2 

6 

10 


2 2 

Sb 

51 

2 

2 

6 

2 

6 

10 

2 

6 

10 


2 3 

Te 

52 

. 2 

2 

6 

2 

6 

10 

2 

6 

10 


2 4 

I 

53 

2 

2 

6 

2 

6 

10 

2 

' 6 

10 


2 5 

Xe 

_ 


2 

6 

2 

6 

10 

2 

6 

10 


2 6 (5 p completed) 
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ELECTRONIC CONFIGURATION OF ELEMENTS 
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All those atoms which consist of at least one of the orbitals 
singly occupied behave as paramagnetic materials because these 
are weakly attracted to a magnetic field, while all those atoms in 
which all the orbitals are doubly occupied behave as 
diamagnetic materials because they have no attraction for 
magnetic field. However, these are slightly repelled by magnetic 
field due to induction. 

Magnetic moment may be calculated as, 

p = yjn(n + 2) BM 


where, Vq and Xg are threshold frequency and threshold 
wavelength respectively. 

Stopping potential: The minimum potential at which the 
plate photoelectric current becomes zero is called stopping 
potential. 

If Fg is the stopping potential, then 

eFo=A(v-Vo) 


1 BM (Bohr Magneton) = 

» 4nmc 


Laws of Photoelectric Effect 


where,« = no. of unpaired electron 

Exceptions to Aufbau Principle 

In some cases, it is seen that actual electronic arrangement is 
slightly different from arrangement given by aufbau principle. A 
simple reason behind this is that half-filled and fijil-filled 
subshells have got extra stability. 

Cr 24 -> \s^,2s^2p^,3s^3pHd*,4s^ (wrong) 

—^ 1^^2s^2/)^3s^3/3d^4s' (right) 

0,29 > ls^2s^2/^^ 3s^3p*3d'’,4s^ (wrong) 

-> 1^^2s^2p^3s^3/3^/'^4^‘ (right) 


(i) Rate of emission of photoelectrons from a metal surface 
is directly proportional to the intensity of incident light. 

(ii) The maximum kinetic energy of photoelectrons is 

directly proportional to the firequency of incident 
radiation; moreover, it is independent of the intensity of 
light used. - ^ . — 

(iii) There is no time lag between incidence of light and 
emission of photoelectrons. 

(iv) For emission of photoelectrons, the frequency of incident 
light must be equal to or greater than the threshold 
frequency. 





Similarly the following elements have slightly different 
configurations than expected: 

Nb 4 i-i^[Kr] 4 rf'' 5 s‘ 

M 042 —+[Kr] 4 d* 5 s' 

RU 44 ->[Kr]4^f^5s' 

Rh 4 s-->[Kr]4d*5s‘ 

Pd4g->tKr]4if‘®5s® 

Ag 47 ->[Kr]4d'®5s' 

Pt 7 g->[Xe]4/‘'5rf’6r' 

Au 79 -> [Xe]4 / 5^/ 

La 57 ->[Kr]4rf‘®Ss^5p*5d'fo^ 

Cejg-»[Kr]4rf'®4/^Ss^5p^5d®&^ 

Gd64->[Kr]4rf'®4/5s^5/w'6s^ 

2,^ PHOTOELECTRIC EFFECT 

Emission of electrons from a metal surface when exposed to light 
radiations tof "appropriate wavelength is called photoelectric 
effect. The emitted electrons are called photoelectrons. 

Work function or threshold energy may be defined as the 
minimum amount of energy required to eject electrons fl-om a 
metal surface. 

According to Einstein, 

Maximum kinetic energy of the ejected electron 
= absorbed energy - work function 

=hv-hVf, 


28. 


29. 


The maximum kinetic energy of photoelectrons ejected from 
a metal, when it is irradiated with radiation of firequency 
2 X itf"* s" ‘ is 463 X 10" “j. The threshold frequency of the 
rnml is: [PMT (Kerala) 2008) 

(a)2xlrf‘‘s"' ^ (b)3X lO’'* s"' 

(c) 2 xl 0 -'‘‘s"' (d)lxlO"'‘'s"' 

(e) 1 X lO"^ s" ‘ 

[Ans.(e)] 

[Hint: Absorbed ene^ = Threshold energy + Kinetic energy 

of photoelectrons 

Av = AVg + KE 
Avg = Av - KE 

6.626X 10"” X Vg = 6.626 X 10'” x 2 x lO''*-6.63 x 10"^® 
1,3252x10"'* -6.63x10"^° 
6.626x10"” 


Vo = 9.99xl0'^ = 10'S"'] 

If Xg and X be-the threshold wavelength and the wavelength 
of incident light, the velocity of photoelectrons ejected will 
be: 


(a) 


-(Xg-X) 

m 




2 Ac 


i m 

^ XXg ^ 


(b) 

(d) 


2Ac 


m 


(Xg - X) 




[Ans.(c)] 

[Hint: Absorbed energy = Threshold energy + Kinetic riietgy 

of photoelectrons 


Ac 

T 


Ac 

Xg 


1 

+ —mv 
2 


2 
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30. 


a 


V = 


2/ic (;Lo-X) ^ 
m KKq 


A radiation of wavelength X illuminates a metal tod ejwts 
photoelectrons of maximum kinetic energy of leV. Another 


radiation of wavelength 


A 

—, ejects photoelectrons of 


'll' 


maximum kinetic eneigy of 4 eV. What will be the work 
function of metal? 

(a)leV (b)2eV (3)0.5eV (d)3eV 
[Ans. (c)] 

[Hint: Absorbed eneigy = Threshold eriergy + Kinetic eneigy 

' of photoelectrons 

A| = £o+leV ...(i) 

3hj = Eo + 4eV ...(ii) 

A 

3(£o+leV)=£i, + 4eV 
4 = 0.5eV] 

31. The ratio of slopes of maximum kinetic energy versus 
frequency and stopping potential (Fq) versus frequency, in 
photoel«tric effect gives: 

(a) charge of electron (b) planck’s constant 

(c) work function (d) threshold frequency 

[Ans. (a)] 

[Hint: hv = hvQ + eVQ 

eVf) = hv - hVQ ~ . . ' . 



(Slope), = A/e 

P®)niM =*v-AVo ...(ii) 

(Slope)2 = h 


(Slope)^/ (Slope), = = e] 

h/e 

32. Ground state energy of H-atom is (- JE, ), the velocity of 
photoelectrons emitted when photon of energy Ei strikes 
stationary Li^'^ ion in ground state will be: 

(a)o = . 


2 (-fi 2 ^1 ) 


(c)O' 


m 




m 


2(E2 - 9£,) 


(d)w = 


2(^2 


m \ m 

[Ans. (c)] 

[Hint: Threshold energy of Li=9£'|- 

Absorbed energy = Threshold energy + Kinetic energy of 

photoelectrons 


1 7 

= 9E, + -mv^ 


mv^ = 2{E2 - 9Ei) 

V m 


2.21 SOME OTHER FUNDAMENTAL 
PARTICLES 

Besides protons, neutrons and electrons, many more elementary 
particles have been discovered. These particles are also called 
Fundamental particles. Some of these particles are stable while 
the others are unstable. Out of stable particles, the electron, the 
proton, the antiproton and the positron are four mass particles 
while neutrino, photon and graviton are three energy particles. 
Among these, unstable particles are neutron, meson and 
v-particles. The main characteristics of the ptoicles are given in 
table 2.1 below. 


Table 2.1 


Particle 

Symbol 

Nature 

Charge e«ux 10'’® 

Masi (amu) 

Dlaeoveredby : 

Positron 


+ 

+ 4,8029 

0.0005486 

Anderson (1932) 

Neutrino 

V 

0 

0 

<0.00002 

Pauli 

Antiproton , 

P" 

- 

-4.8029 

1.00787 

Qiamberlain Sugri and Weighland (1955) 

Photon 

hv 

0 

0 

0 

Planck 

Graviton 

G 

0 

0 

0 


Positive mu meson 


4- 

+ 4.8029 

0.1152 

Yukawa (1935) 

Negative mu meson 

; 

- 

- 4.8029 

0.1152 

Anderson (1937) 

Positive pi meson 


+ 

+ 4.8029 

0.1514 


Negative pi meson 

7t" 

- - 

-4.8029 

0.1514 

■ Powell (1947) 

Neutral pi meson 


0 

0 

0.1454 



2.22 ISOTOPES 


Isotopes are the atoms of the same element having differeni 
atomic masses (see determination of isotopic mass). The term 
‘isotope’ was introduced by Soddy- This is a Greek word 
meaning same position (Isas = same, topes = position), since all 
the isotopes of an element occupy the same position in the 
periodic table. Isotopes of an element possess identical chemical 
properties but differ slightly in physical properties which depend 


on atomic mass. Isotopes were first identified in radioactive 
elements by Soddy, In 1919, Thomson established the existence 
of isotopes in a hon-radioactive element, neon. Until now, more 
than 1000 isotopes have been identified (natural as well as 
artificial). Out of these about 320 occur in nature, approximately 
280 of these are stable and the remaining 40 are radioactive. 
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Conclusions 7. / 

(i) Number of natrons present in the nuclei of various 
isotopes of an element is always different. The number of 
neutrons is determined by applying the formula N = A-Z 
where A is masd number and Z is atomic number. 
Hydrogen has three isotopes, } H, f H and ^ H. 

(Man numher) Z No. of neutrons 


iH 1 1 0 

fH ’ - 2 1 1 

•^H 3 1 2 

Oxygen has three isotopes, '®0, *^Oand '®0. 

'A ^ No. of neutrons 

'|0 16 8 8 

‘|0 17 8 9 

'^'|0...18’ ■ 8 'TO' ■ 


(ii) In a neutral atom, the number of protons and the number 
of electrons are always the same, i.e., the electronic 
configuration of all the isotopes of an element is the 
same. Thus, all the isotopes of an element show the same 
chemical properties. However, the rates of reactions may 
be different for different isotopes of an element. 

(iii) All the isotopes of an element occupy the sanie position 
in the periodic table. 

(iv) The isotopes of an element differ slightly in physical 
properties. The compounds formed by these isotopes will 
also have different physical properties. 


Determination of Isotopic Mass 

Chlorine has two isotopes 17 Cl^^ and ,7 Cl^^; these are found 
in nature in 3 : 1 ratio or 75%.: 25% respectively. Isotopic mass 
may be calculated as: 


Isotopic mass of chlorine 
%ofCP 


100 


r r’l 35 , % of Cl^^ „ 37 

X mass of Cl +--— x mass of Cl 


100 


75 25 

35 + ^x37 = 35.5 
100 100 


OR 

Isotopic mass of chlorine ■ 

Ratio of Cl X mass of Cl + Ratio of Cl x mass of Cl" 


Sum of ratio 


3x35 + 1x37 


^35.5 


2.23 THEORIES OF NUCLEAR STABILITY 


Since, a nucleus contains positively charged protons, there must 
exist a strong repulsive force between them. It has been 
calculated that there exists an electrostatic repulsion of 
approximately six tons between two protons situated at a nuclear 
distance but at the same time the forces which bind the nucleus 
are very high. It has been found that nuclear forces attracting the 


same two particles (j.a,protons) are at least forty times greater 
than the repulsive forces. Thus, two major forces exist in the 
nucleus. These are electrostatic and nuclear. The nuclear forces 
are stronger and the range of these forces is extremely small. The 
forces which operate between nucleons are referred to as 
exchange forces. In order to account for the stability of the 
nucleus, a theory known as meson theory was put forward by 
Yukawa, in 1935. Yukawa pointed out that neutrons and protons 
are held together by very rapid exchange of nuclear particles 
called pi mesons. These mesons may be electrically neutral, 
positive or negative (designated as rt®, n* and )and possess a 
mass 275 times the mass of an electron. Nuclear forces arise from 
a constant exchange of mesons between nucleons with very high 
velocity (practically the velocity of light). 

Let a neutron be converted into a proton by the emission of a 
negative meson. The emitted meson is accepted by another 
proton and converted into a neutron. 

n~ +Pb 

Similarly, a proton after emitting a positive meson is 
converted into a neutron and vice-versa. 

if +«s -+P£ 

or simply p + n 

n V n~ + p 

There may be two more types of exchange, i.e., between 
neutron-neutron and proton-proton, involving neutral pi mesons. 

n "\ n 

Nn” Nn” or simply p ^.- p and n y > n 


Mass Defect—Binding Energy 


It is observed that the atomic mass of all nuclei (except 
hydrogen) is different from the sum of the masses of protons and 
neutrons. For example, the helium nucleus consists of 2 protons 
and 2 neutrons. The combined mass of 2 protons and 2 neutrons 
should be 

= 2x1.00758+2x 1.00893 
= 4.03302 amu 

The actual observed mass of helium nuclei is 4.0028 amu. A 
difference of 0.0302 amu is observed between these two values. 
This difference is termed as mass defect. 

Mass defect = Total mass of nucleons - Observed atomic mass 


This decrease in mass (i.a, mass defect) is converted into 
energy according to Einstein equation E = mc^. The energy 
released when a nucleus is formed from protons and neutrons is 
called the binding ener^. This is the forp which holds all the'< 
nucleons together in the nucleus. Binding epergy can be defined in 
other ways also, i. e ., the energy required tojbreak the nucleus into 
constituent protons and neutrons. Binding energy is measured in 
MeV (Million Electron-Volts), i. e., 1 amu = 931 MeV. 

Binding energy = Mass defect x 931 MeV 
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Binding energy can also be calculated in erg. This is THE WHOLE NUMBER RULE AND 

= Mass defect (amu) x . 1.66 x 10 '"^“’ x (3 x lO'® erg PACKING FRACTION 


(lMeV-1.60x 10® erg) Aston believed that mass number values (sum of protons and 

The binding energy increases with the increase in atomic neutrons) of isotopes should be whole numbers on the scale of 

number of the element. This indicates that heavier nuclei should oxygen ('®0 = 16) but actually it was observed that these were 

be' more stable than lighter nuclei. But, it is not so because not integers. The difference in the atomic mass of an isotope and 

heavier nuclei above atomic number 82 are unstable. It is thus mass number was expressed by Aston (1927) as packing 

clear that total binding energy of a nucleus does not explain the-i'-' fraction by the following expression: 

stability of the nucleus. 

The total binding energy of a nucleus when divided by the Packing fraction - Isotopic atomic mass - Mass number ^ ^^4 
number of nucleons gives the average or mean binding energy Mass number 

per nucleon. The binding energy per nucleon is actually the 

measure of the stability of the nucleus. The greater the binding , ..... 1 ... 1.0078-^1 ,„4 

energy per nucleon, more stable isjhe nucleus. Thus, the packing fraction of H - j x 10 = 78 and 

Binding energy per nucleon = biixling energy packing fraction of ^^Cl = x 10" = - 5.7. The 

Total number of nucleons 35.0 


When binding energy per nucleon of a number of nuclei is 
plotted against the corresponding mass number, a graph is 
obtained (Fig. 2.19) whose characteristics are as follows: 


Region of 
greatest stability 



Mass number, A :-► 

Fig. 2.19 

(i) Binding energy per nucleon increases from 1.1 to 8.0 
MeV from mass number 2 to 20. 

(ii) Binding energy per nucleon increases from 8 to 8.6 MeV 
from mass number 20 to 40. 

(iii) Binding energy per nucleon remains 8.6 - 8.7 MeV from 
mass number 40 to 90. Iron (56) has the maximum value 
pf 8.7 MeV per nucleon. 

(iv) The value of binding energy per nucleon decreases from 
8.6 to 7.5 MeV from mass number 90 to 240. 

(v) Points for helium, carbon, oxygen lie quite high in the 
paph showing that these nuclei are highly stable. 

The binding energy per nucleon can be increased in two ways: 

(i) Either by breaking heavy nucleus to those of 
intermediate mass numbers (process of fission) or 

(ii) By fusing lighter nuclei to form heavier nuclei (process 
of fusion). 


packing fraction of oxygen is zero. 

It is clear that the value of packing fraction varies from one 
atom to other. This is sometime positive or zero but more often 
negative. 

A negative packing fraction means that atomic mass is less 
than nearest whole number and this suggests that some mass has 
been converted into eneigy when the particular isotope has been 
constituted. This energy is responsible for nuclear stability. All 
those having negative values of packing fraction are stable 
nuclei. 

A positive packing fraction generally indicates instability of 
the nucleus. However, this statement is not correct for lighter 
nuclei. 

In general, lower the value of packing fraction, the greater is 
the stability of the nucleus. The lowest values of packing 
fractions are observed for transition elements or iron family 
indicating thereby maximum stabili^ of their nuclei. 

THE MAGIC NUMBERS 

It has been observed that atoms with an even number of nucleons 
in their nuclei are more plentiful than those with odd number. 
This indicates that a nucleus made up of even number of nucleons 
is more stable than a nuclei which consists of odd number of 
nucleons. It has also been observed that a stable nuclei results 
when either the number of neutrons or that of protons is equal to 
one of the numbers 2, 8 , 20, 50, 82, 126. These numbers are 
called magic numbers. It is thought that the magic numbers form 
closed nuclear shells in the same way as the atomic numbers of 
inert gases form stable electronic configuration. In general, 
elements that have nuclei with magic number of protons as well 
af! magic number of neutrons such as jHe, ‘gO, ^Ca, ^®|Pbare 
highly stable and found in abundance in nature. 

A survey of stable nuclei found in nature shows the following 
trend: 


Protons 

Even 

Even 

Odd 

Odd 

Neutrons 

Even 

Odd 

Even 

Odd 

No. of stable nuclei 

157 

52 

50 

^ 5 


Only five stable odd-odd nuclides are known; these nuclides 
are ftt, jU, 'fB, ‘^Nand ‘^?Ta. 
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::: ;;s>Msome solved examplesX 122;::: 

t Example 46. The minimum energy required to overcome 
the attractive forces between an electron and the surface of Ag 
metal is 5.52 x 10”'^ J. What will be the maximum kinetic energy 
of electrons ejected out from Ag which is being exposed to UV 
light ofk = 360 A? 

Solution: Energy of the photon absorbed 
_fe c_ 6.625xl0^” x3xl0'° 

^ 360x10”* 

= 5.52x10”” erg 
= 5.52xlO"'*J 

£(photon) = work function + KE 

KE = 5.52xlO"‘* -7.52x10”’’ 

= 47.68 X 10”” J 

X Example 47. Let a light of wavelength X and intensity 7’ 
strikes a metal surface to emit x electrons per second. Average 
energy of each electron is f ’unit. What will happen to ‘x ’and ‘y ’ 
when {a)X is halved (b) intensity /is doubled? 

Solution: (a) Rate of emission of electron is independent of 
wavelength. Hence, ‘x’ will be unaffected. 

Kinetic energy of photoelectron = Absorbed - Threshold 

energy energy 



when, X is halved, average energy will increase but it will not 
become double. 

(b) Rate of emission of electron per second ‘jc’ will become 
double when intensity / is doubled. Average energy of ejected 
electron, i. e. , ‘y’ will be unaffected by increase in the intensity of 
light. 

f Example 48. How many orbits, orbitals and electrons are 
there in an atom having atomic mass 24 and atomic number 12.^ 

Solution: 

Atomic nunfljer = No. of protons = No. of electrons = 12 

Electronic configuration = 2,8,2 

No. of orbits = (K, L and M) 

No. of orbitals on which electrons are present 
= (one Is + one 2s + three 2p + one .3s) 

Example 49. A neutral atom has 2K electrons, 81 
electrons and 6 M electrons. Predict from this: 

(a) its atomic number, (b) total number of s-electrons, (c) total 
number of p-electmns, (d) total number ofd-electrons. 

Solution: (a) Total number of electrons 

= (2+8+6)= 16 
So, Atomic number = 16 

Electronic configuration = Is^ ,2s^2p^, 3s^3p^ 

(b) Total number of s-electrons = (Is^ + 2s^ + 3s^ ) = 6 

(c) Total number of p-electrons = (2 /j® + 3^’ )= 10 

(d) Total number of d -electrons = 0 


Example 50. Write down the values of quantum numbers 
of all the electrons present in the outermost orbit of argon 
(At. No. 18). 

Solution: The electronic configuration of argon is 
ls^2s^2p^3s^3pJ3pJ3p^ 

Values of quantum numbers are; 



n 

/ 

m 

s 

3s^ ' 

3 

0 

0 

+r2,-y2 


3 

1 

+1 


3pI 

3 

1 

+1 

+ )^.-/2 

3pl 

3 

1 

0 

+K.-y 2 


Example 51. (a) An electron is in Sf-orbital. What 
possible values of quantum numbers n, I, m and s can it have? 

(b) What designation is given to an orbital having 
(i) n = 2, / = 1 and (ii) n = 3, / = 0 
Solution: (a) For an electron in 5/orbital, quantum numbers 
are: ” ....'.-..■-- 

n = 5; 1=3; m=-3,-2,-l,0, + l, + 2, + 3 

and s “ either + i or - - 
2 2 

(b) (i) 2p, (ii) 3s 

y^.,.ssE;|a>i>ple 52. Atomic number of sodium is 11. Write down 
the four quantum numbers of the electron having highest energy. 
Solution: The electronic configuration of sodium is: 

ls^2y^2p^3s' 


3s-electron has the highest energy. Its quantum numbers are: 

b = 3, / = 0, m=0,s = + -^^or-- 
■ 2 2 

Example S3. An element has 8 electrons in Ad-subshell. 
Show the distribution of 8 electrons in the d-orbitals of the 
element within small rectangles. 

Solution: 4<f-subshell has five <i-orbitals. Thrae are first 
occupied singly and then pairing occurs. The distribution can be 
shown in the following manner; 


Ad 




TT 

T 

T 


Example 54. How many elements would be in the third 
period of the periodic table if the spin quantum number m^ could 

have the value - - , 0 and + — ? 

2 2 

Solution: 


i? = 3,/ = 0,m = 0 = 



Wj = ”>2.0. ■'>2 


1 = 2, bi=-2,-1,0, + 1, + 2| 


for each value of 
magnetic 
quantum no.. 
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Number of elements = 3^ (3e) 

3/> {9e) 

MilSe) 

27 elfements will be there in third period of periodic table. 
Example55. The binding energy of \He is 28.57 MeV. 
What shall be the binding energy per nucleon of this element? 
Solution; The nucleus of \ He consists of 4 nucleons. 


8x Q0005486-15.?'956amu 

Mass of the nucleus of O 

= mass of 8 protons + mass of 8 neutrons 
= 8x 1.00757+ 8x 1.00893= 16.132amu 
Mass defect =(16.132- 15.9956) = 0.1364 amu 
Binding energy =0.1364 X 931 = 127MeV 


„ , Total binding energy 

So, Binding energy per nucleon =-^- 

No. of nucleons 

2R57 

= ±±£1 = 7.14 MeV 
4 

Example 56. • Calculate the binding energy of the oxygen 
isotope 'gO. The mass of the isotope is 16.0 amu. (Given 
e= 0.0005486a/nw, p = 1.00757amu and n = \.00&93amu.) 

Solution: The isotope- 'gO contains 8 protons, 
8 neutrons and 8 electrons. 

Actual mass of the nucleus-of *g O 


Example 57. There are four atoms which have mass 
numbers 9,10,11 and \2 respectively. Their binding energies are 
54,70,66 and 78 MeV respectively. Which one of the atoms is 
most stable? 

Solution: Stability depends on the value of binding energy 
per nucleon. 


Binding energy (MeV) 

No. of nucleons 

Binding energy per nucleon (MeV) 
Thus, S is most stable. 


A 

B 

C 

D 

54 

70 

66 

78 

9 

10 

11 

12 

6 

7 

6 

6.5 


= 16- mass of 8 electrons 


Miscellaneous Numerical 



These examples will give the sharp edge to the aspirants for 
IIT and various other entrance examinations. 

Example 1, The Schrodinger wave equation for hydrogen 
atom is 


V 2 . 


1 


3/2 

, ^0 

4^f2n 



z> —’— 

«o. 


where Oq is Bohr radius. If the radial node in 2s be at r^ , then 
find r in terms ofa^. (UT 2004) 

Solution: Given, 



1 1 


3/2 

2 -^ 

442 % 



- «o_ 




t|i 2 j = Oat node 



ro = 2 ao 


Example 2. Consider the hydrogen atom to be a proton 
embedded in a cavity of radius Oq (Bohr radius) whose charge is 
neutralized by the addition of an electron to the cavity in vacuum 
infinitely slowly. Estimate the average total energy of an electron 
in its ground state in a hydrogen atom as the work done in the 
above neutralization process. Also, if the magnitude of average 
KE is half the magnitude of average potential energy, find the 
average potential energy. (HT1996) 


Solution: 

Coulombic force of attraction = Centrifugal force 
1 Zexe_nw^ 

47180 Oq 


where, v = velocity of electron 


Uq = distance between electron and nucleus 


1 Ze^ 
4mo uo 



1 2 1 Ze 

¥E = -mv^ = - -T- 

2 • 47tEn 2a 


PE=-2xKE 

.bv 


:-2X- 


Ze^ 


47 CEk • 2a, 


0 


1 Ze^ 

47180 Cq 


Examples. Hydrogen atoms are excited from ground 
state. Its spectrum contains wavelength 486 nm. Find, what 
transition does the line corresponds to. Also find from this 
information what other wavelengths will be present in the 
spectrum? 

Solution: Wavelength 486 nm, fe,4860 A indicates that 
the spectrum is in visible region, i. e., Balmer series. 


^ = RZ^ 

X 


1 1 
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1 


4860x10“^ 
On solving, we get 


^ 109677.76 X f 


1 1 

=109678 

■ 1 r 

.2' nl_ 


.3^ 4^. 




16 


«2 =4 

Thus, transition is from, 4—>2 
Other transitions in the spectrum are 

-i = 109677.76x1^ x 


1 1 


X= 1875x10“^ cm 

Example 4. If uncertainties in the measurement of 
position and momentum of an electron are equal, calculate 
uncertainty in the measurement of velocity. 

Solution: According to Heisenberg’s uncertainty principle, 

Ax.Ap> — 

4% 

Given, Ax = Ap = J— = 0.726 x 10"'^ 

V 451 


or 


Ap = mAV 

_ 

m 9.1X10”^’ 


AF 


0.726x10'” ,„i 2 -1 

-7.98x10'^ ms ' 


Example 5. How much energy will be released when a 
sodium ion and a chloride ion, originally at infinite distance are 
brought together to a distance of 2.16 A {the shortest distance of 
approach in a sodium chloride crystal)? Assume that ions act as 
point charges, each with a magnitude of 1.6x 10”” C. 
Permittivity constant of the medium is 9x10® Nm^C 
Solution: Energy released 

j^ fig 2 _ 9x10® x (l6xl0~”f 


f %-10 


- 8.35x10”” J 


r 2.76x10” 

- Example 6. The angular momentum of an electron in a 
Bohr orbit of H-atom is 4.2178 x 10”^“* kg m^/sec. Calculate the 
spectral line emitted when an electron falls from this level to the 
next lower level. 

h 


Solution: We know, mvr = n 


2ji 


4.2178 X 10 


-34 


nx- 


6 626x10 
2x114 


-34 


« = 4 

i = 


H 


nf 


1 

2 

«2 


1 = 1.8x10”® cm 

Example 7. A negatively charged particle called 
Negatron was discovered. In the Millikan's oil-drop experiment, 
the charges of the oil-drops in five experiments are reported as 
3.2 X 10”” coulomb; 4.8 x 10”” coulomb; 64 x 10”” coulomb; 
8 X 10”” coulomb and 9.6 x 10”” coulomb. Calculate the charge 
on the negatron. 

Solution: In Millikan’s oil-drop experiment; the charges on 
the oil-drops are integral multiples of the charge of the particle. 
Dividing the charges of droplets by the lowest charge: 


(i) 

3.2x 10”*® 
3.2x10”'® 

= 1 

(ii) 

4.8x10”*® 

-—. = 1.5 

3.2x10”*® 

(iii) 

64x10”*® 

12x10”*® 

= 2 ’ 

(iv) 

8x10”*® 

3.2x10”*® 

(V) 

9.6x 10”*® 
3.2x10”*® 

= 3 




All the values are not integral; they can be converted to 
integers on multiplying by 2. 

Charge of the negatron will be 


3.2x10”” 


= 1.6x10”” C 


Example 8. When a certain metal was irradiated with 
light of frequency 3.2 X lO'^ Hz, the photoelectrons emitted had 
twice the kinetic energy as did photoelectrons emitted when the 
same metal was irradiated with light of frequency 2.0 X 10** Hz. 
Calculate Vq for the metal. 

Solution: Applying photoelectric equation. 


¥£. = h\-hv 


0 


or 


(V-Vo) = 


Given, 


KEj = 2KE, 
KE, 


-Vn = 


rkJZr2 


and 


Vo =■ 


h 

KE, 


. . . (i) 
...(ii) 


Dividing equation (i) by equation (ii) 
Vj - V 


or 


KEj _ 2KE| 

’ Ki 

:2v, 


KE, 


2v 


0 


Vo=2v, 


Vj ” Vq JVLij 

V2 - Vo 

V2 =2(2.0x10**)-(3.2x10'”) 
= 8.0x10** Hz 


rvl6 ’ 


or 
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Ixample 9. An electron moves in an electric field with a 
kinetic energy of 2.5 eV. What is the associated de Broglie 
wavelength? 

Solution: Kinetic energy 

1 if t 
= - mv o = - 

2 mXj 

■3-(=f 


1 h^ 


2 


or 


X^=- 


1 h^ 


2 mx KE 
h 


^2mxKE 


m = 9.108xl0~2*g 


h = 6.626 X 10 erg -s!c 


leV=1.602xl0‘‘^erg 


6626X 10 


-27 


^2x 9.108X 10"^*x 2.5X1.602X lO"'^ 
= 7.7x10"* cm 

Example 10. Consider the following two electronic 
transition possibilities in a hydrogen atom as pictured below: 

— n = 3 

— n = 2 

— n = l 


(a) The electron drops from third Bohr orbit to second Bohr 
orbit followed with the next transition from second to first Bohr 
orbit. 

(b) The electron drops from third Bohr orbit to first Bohr 
orbit directly. Show that the sum of energies for the transitions 
n = 3ton = 2 and n = 2ton = lis equal to the energy of transition 
for « = 3 to « = 1. 


Solution: Applying, = 
For« = 3ton = 2; 

^ 3-»2 

For« = 2to« = 1; 

^2-»l 

For B = 3to B = 1; 


1 1 


^3-»i - 

Adding equations (i) and (ii), 

'5-1-27 


- X — 

" 9 


. . . (iii) 


R 


5 3 I „ 

„ I —4-- 

'36 4 


H 


36 


R^ 


Thus, 


^3-^1 


Example 11. If an electron is moving with velocity 
500/ns”’, which is accurate up to 0.005% then calculate 
uncertainty in its position, [h = 6.63 x 10” ^^ Js, mass of electron 
= 9.1 X 10" kg\ [AIPMT (Mains) 2008] 

Solution : Uncertainty in velocity 

. 600x0.005 _ ,„_2 -1 

At/ =-= 3x10 ms 

100 

According to Heisenberg’s uncertainty principle . 

At Az/>—^ 

Aim 

Ax S—-— 

Aimtsv 


6.63 X 10 


■34 


4x3.14x9.1x10”^’ X3xl0'^ 


= 1.9xl0”^m 

Example 12. Applying Bohr's model when H atom comes 
from B = 4 to n = 2, calculate its wavelength. In this process, 
write whether energy is released or absorbed? Also write the 
range of radiation. R^ = 2.18 X 10” J, A = 6.63 x 10” Js. 

(AIPMT 2008) 

Solution : Energy is released in this process; and the radiation 
will belong to visible region (Balmer series) 


r 

X 


RuZ^ 


he 


1 





2.18x10”'* xl^ 

“1 

1 ■ 

i = i?H X — 

36 

...(i) 

"6.63x10”?% 3x10* 
2.18x10'"'* xl^ 

_4 

■ 3 " 

16, 




6.63x10”?“’ X3x l0^ 

J6. 



R^ 


1 1 


:i?H X- 

“ 4 


.(ii) 


X = 


6.63x10"” X 3x10* x l6 


3x2.18x10”’* 
= 4866 A 


= 4866x10”'% 
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Summary and Important Points to Remember 




m 


1. Atom is the smallest indivisible particle of matter 
(proposed by John Dalton in 1808), 

2. All atoms except hydrogen atom are composed of three 
fundamental particles, namely, electron, proton and neutron. 
Hydrogen atom has one electron and one proton but nfe neutron. 

(a) Electron: The nature and existence of electron was 
established by experiments on conduction of electricity through 
gases, j.e., discovery of cathode rays. In 1897, J.J. Thomson 
determined e/m value (-1.7588x10* coulomb/g) and proved 
that whatever gas be taken in the discharge tube and whatever be 
the material of the electrodes, the value of e/mis always the same. 
Electrons are, thus, common universal constituents of all atoms. 

Electron is a subatomic particle which carries charge 
-1.60x 10~'® coulomb, i.e., one unit negative charge and has 

mass 9.1x10“^* g (or 9.1x10“^* kg), i.e., —th mass of 

1837 

hydrogen atom (0.000549 amu). The name electron was given by 
Stoney. 

(b) Proton: The nature and existence of proton was 
established by the discovery of positive rays (Goldstein 1886). 
Proton is a subatomic particle which carries +1.6x 10“** 
coulomb or one unit positive charge and has mass 1.672 x lO'^'* g 
(or 1.672X 10“^’ kg), i.e., 1.0072 amu. The e/mwas determined 
by Thomson in 1906 and the value is +9.579 x 10“* coulomb/g. It 
was named as proton by Rutherford. 

(c) Neutron: It is a subatomic particle which carries no 
charge. Its mass is 1.675 x 10“^“* g (1.675x 10”^’ kg) or 1.0086 
amu. It is slightly heavier than proton. It was discovered by 
Chadwick in 1932 by bombarding beryllium with a-particles. 

^Be+|He-+'^C+!,« 

The elm value of neutron is zero. 

3. According to the Rutherford’s model of atom, (i) it 
consists of nucleus of very small size and high density 
(ii) electrons revolve round the nucleus in a circular path. 

Radius of nucleus = 10“'* m 

Density of nucleus = 10* tonnes/cc 

4. Atomic number (Z) = Number of protons in the nucleus 

5. Mass number (.4 ) = Number of protons + Number of 

neutrons 

6. Isotopes: These are atoms of same element having 
same atomic number but different mass numbers, e.g., 

(lH,?H,fH):(?|Cl, fjO) 

7. Isobars: These are atoms of different elements having 
same mass number but different atomic numbers, e.g., 

40 , 40^ 40p 

IS™’ 19^ 20'^“ 


8. Isotones: These are atoms of different elements having 
same number of neutrons in the nucleus, e.g., 

'tC: ‘|N, *|0 

9. Electromagnetic radiations are energy waves containing 
both electric and magnetic vector perpendicular to each other. 

(i) These are transverse waves. 

(ii) They do not need any medium for their propagation. They 
travel with the velocity of light. 

(lii) V = — , V = frequency, c = velocity of light, 

X 

X = wavelength 

V = — = wave nuitiber,T = - = time period. ^ 

X V 

(iv) According to Planck’s quantum theory, the energy is 
emitted or absorbed in the form of energy packets called quanta. 
Quantum of visible light is called photon. 

Energy of one quantum =/iv 
, c 


h = Planck's constant 
= 6626x10“” J sec 

10. Hydrogen spectrum: Hydrogen spectrum is a line 
spectrum. The lines lie in visible, ultraviolet and infrared regions: 
All the lines can be classified into five series. Ritz presented a 
mathematical formula to find the wavelengths of various lines. 


x' 


■ R 


1 


‘2 J 


where, R is Rydberg constant (R = 109678 cm”*). 




«i 

«2 

Lyman series 

(UV region) 

1 

2,3,4,5,... 

Balmer series 

(Visible region) 

2 

3,4,5,6,... 

Paschen series 


3 

4,5,67,... 

Brackett series 

(IR repon) 

4 

5,6,7,8.... 

Pfiuid series 


5 

67,8,9,... 


Balmer series consists of four prominent lines , Hp, Hy and 
Hg having wavelength 6563 A, 4861 A, 4340 A and 4102 A 
respectively. 

Balmer equation is. 


2 , 

x' 


1 


where, « = 3,4,5,6,... 

The Rydberg formula is used to calculate the wavelength of 
any line of the spectrum 
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where, x = number of lines in the spectrum; x = «> for series limit 
or last line. Let, transition of electrons takes place from to n, 
shell; then the number of lines can be calculated as: 

XT t. I- («2 - ”i )(«2 - «i + 1) 

Number of Imes = i 

2 



11. Bohr’s atomic model: It is based on Planck’s 
quantum theory. Its main postulates are summarised as: 

(i) Electrons revolve round the nucleus in circular path of 
fixed energy called stationary states. 

(ii) Angular momentum of electrons are quantised, i. e ., 


(iii) The energy as well as angular momentum both are 
quantised for electrons. It means they can have only certain 
values of energy and angular momenta. 

12. Important formulations obtained from Bohr’s 
atomic model which are valid for single electron species like 
H,He+,Li^+,Be^^,etc.: 

(i) E, <£2 <^4 

(ii) (£2 - £, ) > {£3 - £2 ) > (£4 - £3). • • 

where, £ 1 , Ej, £ 3 ,... are energies of corresponding shells. 

(in) r „=—---- . 

471 ^ Ke-^mZ 

K = -J—= 9x10^ Nm^/C^ 


where, K = —= 9x10^ Nm^/C^ 

4neo 

ii = — x 2.188X 10* cm/sec 
- n 

(vii) Potential energy of electrons in a particular shell: 

PE= ~^^ =-^xZ^eV 
r 

(viii) Kinetic energy of electrons in a particular shell: 

1 KZe^ 13.6 .,2 ,T 

2 r „2 

nn a _ s f ' t ' x 'g "' -I x V/l .i/C I, 

Total Energy, TE -- 


TE = -PE»^ 

- 2 

TE = -KE . • • 

(ix) Number of revolutions per second by an electron in a 

shell; , • . 

Velocity _ t; _ £1 ^ 2 
Circumferaice 2Er h 

(x) Frequency of electrons in nth orbit; 

'~^r 

662xi0‘*^^ 


f=_ X 0.529 A (where, r is the radius of Bohr orbit of 
electrons.) 

(iv) Energy of electrons in a particular shell can be calculated 


(xi) Period of revolution of electrons in nth orbit {T„ ), 

„ 2nr 1.5xl0"‘^n^ 

71'= — = ■—- 7 -sec 

Vn 




x21.79xl0“'^ J/atom 


(xii) Ionization energy = E„~ E„ 


= 0- - —xl3.6eV 

V ^ 


xl3.6eV 


xl312kJ/mol 


■xll 6 eV 


= ^x 21.79x10'*® J/atom 
n^ 


T 7 ^ vP" 

(xiii) = 

U Z} n} 


Rg = - 13.6 eV (Rydbetg energy) 

(v) £„ =£,/n^;£„ =£, X——for hydrogen-like species. 

n^ 

(vi) Velocity of electrons in a particular shell or orbit can be 
calculated as: 


and I 2 are ionization energies of two elements 1 and 2 . 

f 1 1 

(xiv) A£ (Energy of transition) = Eg 

- , • l«i ni) 

:ife=-13.6eV 
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R 

i?H = Rydberg constant = —^ = 109677 cm“^ 
he 

Defects of Bohr theory: (i) It fails to explain the spectra of 
multi-electron atoms, (ii) It fails to explain fine spectrum of 
hydrogen, (iii) It does not provide an explanation why angular 
momentum should always be an integral multiple oi hl2ii. (iv) It 
does not explain splitting of spectral lines under the influence of 
magnetic field (Zeeman effect) and electric, field (Stark effect). 

13. Sommerfeld’s extension: Sommeifeld (1915) introduced 
the, idea of elliptical orbits. Except first orbit which is only 
circular, the other orbits are elliptical. The second orbit has one 
elliptical and one circular suborbit. The third orbit has two 
elliptical and one circular suborbit. 

14. Dual nature: Light has dual character, i. e ., it behaves 
sometimes like particles and sometimes like waves, de Broglie 
(1924) predicted that small particles sdeh as electrons should 
show wave-like properties along with particle character. The 
wavelength (X) associated with a particle of mass mand moving 

with velocity v is given by the relationship Z = ; where, h is 

mv 

Planck’s constant. 

The wave nature was confirmed by Davisson and Germer’s 
experiment. 

Davisson and Germer gave some modified equations for 
calculation of de Broglie wavelength: 


Vfl and Xq are called threshold frequency and threshold 
wavelength respectively. 

18. Quantum numbers: The set of four integers required 
to define an electron completely in an atom are called quantum 
numbers. The first three have been derived from Schrodinger’s 
wave equation. • 

(i) Principal quantum number: It describes the name, 
size and energy of the shell to which the electron belongs. 

n = 1,2,3,4,... represent K, L, M, N,... shells respectively. 

Formulae for radius, energy and angular momentum of 
electrons are given earlier. 

(ii) Azimuthal quantum number: It is denoted by R 

describes the shape of electron cloud and number of subshells in 
ashell. _ _^ 

/ = 0,1,2,3,...,(«-!) 

1=0 (s-subshell); / = l(p-subshell); I = 2(rf-subshell); 

/= 3 (/-subshell). 

Orbital angular momentum of electron 

= ^i{i+i)^ = ,li{i+i)n 


X = ; where, E = kinetic energy of the particle. 

■<j2Em 

h 

X = —; where, q = charge of the particle accelerated by 
yllqVm 

the potential of F volt. 

15. Heisenberg uncertainty principle: It is impossible to 
measure simultaneously both the position and momentum of any 
microscopic particle with accuracy. Mathematically, 

Ax Ap = —; where. Ax = uncertainty in position and 
4 tc 

Ap = uncertainty in momentum. It introduces the concept of 
probability of locating the electron in space around the nucleus. 

16. de Broglie concept as well as uncertainty principle have 
no significance in everyday life because they are significant for 
only microscopic systems. 

17. When radiations of a certain minimum frequency (Vq ), 
called threshold frequency, strike the surface of a metal, electrons 
called photoelectrons are ejected from the surface. The minimum 
energy required to eject the electrons from the metal surface is 
called threshold energy or work function. 

Absorbed energy = Threshold energy + Kinetic energy of 


photoelectrons 

hv = hVn + - mv^ 

“ 2 


when / = 0, electrons revolve in a circular orbit and when / 0, 
the electrons revolve round the nucleus in an elliptical path. 

(iii) Magnetic quantum number: It is denoted by ‘m’. It 

describes the orientations of the subshells. It can have values 
from -/ to +/ including zero, i. e. , total (2/ + 1) values. Each value 
corresponds to an orbital, s-subshell has one orbital, p-subshell 
has three orbitals (p ^, py and p ^), </-subshell has five orbitals 
{dj^,dy^, d ^,d '^2 _ y 2 d ^ 2 ) and /-subshell has seven 

orbitals. One orbital can accommodate either one or two 
electrons but not more than two. s-orbital is spherically 
symmetrical and non-directionaL p-orbitals have dumb-bell 
shape and are directional in nature. Four rf-orbitals have double 
dumb-bell shape but d 2 has a baby soother shape. Jhe total 
number of orbitals present in a main energy level is ‘ ’. 

(iv) Spin quantum number ( 5 ): It describes the spin of the 
electron. It has values +1/2 and-1/2. (+) signifies clockwise 
spinning and (-) signifies anticlockwise spinning. • 

Spin angular momentum = ■^s{s + 1) — 


= .yjs(s + i)h = ^h 


where, s = — 
[ 2 


Total spin of an atom or an ion = n x -; where, ‘n’ is the 

number of unpaired electrons. 

Spin multiplicity of an atom = (2Zs + 1) 
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Singlet state (Normal) 

n 

Spin multiplicity 
= Z&+1 
=2x0+l=l 
TWplet excited state 

t 

t 


Spin multiplicity 


:2X 


1 1 

-1- — 

2 2 


+ 1-3 


Singlet excited 
i 

t 

Spin multiplicity = 1 


19. (i) Number of subshells in a shell = n 

(ii) Number of maximum orbitals in a shell = 

(iii) Number of maximum orbitals in a subshell = 2/ + 1 

(iv) Maximum number of electrons in a shell = 2«^ 

(v) Maximum number of electrons in a subshell 


= 2(2/+l) 

(vi) Z-component of the angular momentum depends 
upon magnetic quantum number and is given as: 


Z-7 = m — 
2n 


(vii) Number of radial/spherical nodes in any orbital 
= («-/-!) 

Is orbital has no node; 2s orbital has one spherical 
node; 2 p orbital has no spherical node; 3 p orbital has 
one spherical node. 

(viii) Schrodinger wave equation does not give spin 
quantum number. 

(ix) A plane passing through the nucleus at which the 
probability of finding the electron is zero, is called 
nodal plane. 

The number of nodal plane in an orbital = / 
s-orbitals have no nodal plane; p-orbitals have one 
nodal plane, </-orbitals have two nodal planes and so 

on. 

20. Pauli’s exclusion principle; No two electrons in an 
atom can have the same set of all the four quantum numbers, L e ., 
an orbital cannot have more than 2 electrons because three 
quantum numbere (principal, azimuthal and magnetic) at the 
most may be same but the fourth must be different, i.e., spins 
must be in opposite directions. It is possible to calculate the 
maximum number of electrons which can be accommodated on a 
main energy shell or subenergy shell on the basis of this 
principle. 

21. Electronic configuration: The arrangement of 
electrons in various shells, subshells and orbitals in an atom is 
termed electronic configuration. It is written in terms of n/"' 
where n indicates the order of shell, / indicates the subshell and x 
the number of electrons present in the subshell. 


22. Aufbau principle: Aufbau is a German word meaning 
building up. The electrons are filled in various orbitals in an order 
of their increasing energies. An orbital of low«t energy is filled 
first. The sequence of orbitals in the order of their increasing 
energy is; 

Is, 2s, 2p, 3s, 3p,4s, 3d, 4p,5s,4d, 5p,6s, 4f , 5d, 6p, 7s, 5/, 6d ,... 

The energy of the orbitals is governed by (n + /) rale. 

(i) Subshell with lower of (« + /) has lower energy, hence 
filled first, e.g., 

3p(n + 1 = 4)will be filled before 3d(n + 1=5). 

(ii) When (n + /) values are same, then the subshell with 
lower value of is filled first, e.g., 

3p(n + 1 = 4) will be filled before 4s («+ / = 4) 
because 3p has lower value of «. 

23. Hund’s rule: No electron pairing takes place in the 
orbitals in a subenergy shell imtil each orbital is occupied by one 
electron with paralld ^in. Exa ct ly hal f-fille d and fully-filled 
orbitals make the atoms more stable, i.e., p^, p^ ,d^ ,d^^, 
and configurations are most stable. 

All those atoms which consist of at least one orbital singly 
occupied behave as paramagnetic while all those atoms in 
which all the orbitals are doubly occupied are diamagnetic in 
nature. 

Magnetic moment = .^n(n + 2) BM 


n = number of unpaired electrons 

24. Half-filled and fully-filled subshells have extra stability 
due to greater exchange energy and spherical symmetry 
around the nucleus. 

25. It is only dz^ oibitals which do not have four lobes like 
other cf-orbitals. 

26. The cf-orbital whose lobes lie along the axes is r/ 2 2 • 

X y 

27. Wave mechanical model of atom: It was 
Schrodinger who developed a new model known as wave 
mechanical model of atom by incorporating the conclusions of de 
Broglie and Heisenberg uncertainty principles. He derived an 
equation, known as Schrodinger equation. 


d d ^\)/ 
dx^ dy^ 



Sn^m 


(£-F)v = 0 


The solution of the equation provides data which enables us to 
calculate the probability of finding an electron of specific energy. 
It is possible to determine the regions of space around the nucleus 
where there is maximum probability of locating an electron of 
specific energy. This region of space is termed orbital. 

t|/ is the amplitude of the wave at a point with coordinates 
X, yand z. is total energy called eigen value and F denotes the 
potential energy of the electron. 

\|r^ gives the probability of finding the electron at (x, yand z). 
Operator form of the equation can be given as: 

= £\ff 
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Questions 



1. Match the following; 
[A]' 


(i) Aufbau principle 

(a) Line spectrum in visible region 

(ii) de Broglie 

(b) Orientation of an electron in an 


■' orbital 

(iii) Angular momentum 

(c) Photon * 

(iv) Hund’srule 

id)X = M(mv) . 

(v) Balmer series ’ ■ 

(e) Electrohic configuration 

(vi) Planck’s law 

(f) mvr 

[B] ' - 

j 

(i) Thomson 

(aE Exclusion principle 

(ii) Pauli 

(b) Radioactivity 

(iii) Becquerel - . 

(c) Atomic model — 

(iv) Soddy 

(d) Cathode rays 

(v) Bohr 

(e) Neutron 

(vi) Chadwick 

(f) Isotopes 

[C] ^ '• 


(i) Cathode rays 

(a) Helium nuclei 

(ii) Dumb-bell 

(b) Uncertainty principle 

(iii) Alpha particles 

(c) Electromagnetic radiation 

(iv) Moseley 

(d) p -orbital 

(v) Heisenberg 

(e) Atomic number 

(vi) X-rays (f> Electrons ~ 

!, Matrix Matching Problems (For IIT Aspirants): 

[A] Match the Column-I and Column-Il: 

Column-l 

Colamii-n 

(a) X-rays 

(p) Davisson and Germer 


, experiment 

(b) Atomic number 

(q) Crystal structure 

determination 

determination 

(c) Dual nature of matter (r) Moseley’s law 

(d) Dual nature of radiation (s) Bragg’s law 

[B] Match the Columh-I and Column-II; 

Colummt 

Cdlnntii-n 

(a) Lyman series 

(p) Visible region 

(b) Bahner series 

(q) UV region 

(c) Pfimd series 

(r) IR region 

(d) Light emitted by sodium (s) Line emission spectrum 

lamp 


[C] Match the List-I with List-II in hydrogen atom spectrum: 

List-I 

List-II 

(a) Lyman series 

(p) Visible region ^ 

(b) Bahner series 

(q), Infrared region 


(c) 

Paschen series 

(r) 

Absorption spectrum 

(d) 

Brackett series 

(s) 

Ultraviolet region 

[D] 

Match the List-I with List-II; 

List^,-; 

List-n 

(a) 

K-shell, 

(P) 

Electrons in elliptical 
orbit 

(b) 

L-shell 

(q) 

Electrons in circular orbit 

(c) 

Hydrogen atom 

(r) 

Shell of lowest energy 

(d) 

Boron atom in ground 
state 


Bohr’s atomic model 


[E] Match the ions of List-I with the properties of List-II: 

List-I List-n 


(a) 

_Mn^'' 

(P) 

Diamagnetic 

(b) 

'y2+ 

(q) 

Paramagnetic 

(c) 


(r) 

Coloured compounds . 

(d) 

Tj4+ 

(s) 

Magnetic moment = 2.82 BM 

[F] 

Match the List-I with List-II: 


List-I 


List-n 

(a) 

Mg'* 


(p) Zero spin multiplicity 

W 

Fe'* 


(q) Spin multiplicity = 3 

(c) 

Co'* 


(r) Total spin = 0 

(d) 

Ca'* 


(s) Total spin = 2 

[G] Match the properties of List-I with the formulae in List-II: 


LIst-I 


List-n 

(a) 

Angular momentum of 
electron 

(p) 

2jt 

(b) 

Orbital angular 
momentum 


(q) /© 

(c) 

Wavelength of matter 


(r) nh! 2% 


wave 



(d) 

Quantised value(s) 


(s) h/p 

[H] Match the orbitals of List-I with the nodal properties of 


List-II: . 




List-I . 


List-n 

(a) 

2s 


(p) Angular node = 1 

(b) 

Is 


(q) Radial node = 0 

(c) 

2p 


(r) Radial node = 1 

(d) 

3/? 


(s) Angular node = 0 
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[I] Match the electronic transitions of List-I with spectral 
properties of List-ll; ’ 

List-I List-n 


w 

n = 6- 

—> /I = 3 

(p) 

10 lines in the spectrum 

(b) 

n = 7- 

-^k = 3 

(q) 

Spectral lines in visible 
region 

(c) 

n = 5^ 

— > n = 2 

(r) 

6 lines in the spectrum 

id) 

6~ 

-^-n = 2 

(s) 

Spectral lines in infrared 


region 

[J] Match the List-1 with List-II: , , 


'■List-i '' ' '.. . 

(a) Radius of electron orbit (p) Principal quantum 

munber 

(b) Energy of electron — (q) -Azuauflial quantum 

number 

(c) Energy of subshell (r) Magnetic quantum 

number 

(d) Orientation of the atomic (s) Spin quantum number 
orbitals 

[K] Match the List-I with List-II: 

List-I List-H 

(a) Electron cannot exist in (p) de Broglie wave 
the nucleus 

(b) Microscopic particles in (q) Electromagnetic wave 
motion are associated with 

(c) No medium is required for (r) Uncertainty principle 
propagation 

(d) Concept of orbit was (s) Transverse wave 
replaced by orbital 

[L] According to Bohr theory: (IIT 2006) 

E„ - Total energy 
= Kinetic energy 
= Potential energy 
r„ = Radius of nth orbit 
Match the following: 

Column-I Column-II 


[M] 

Match the List-I with List-II: 



List-n 

(a) 

Radius of nth orbital 

(p) Inversely proportional to Z 

(b) 

Energy of nth shell 

(q) Integral multiple of A/27t 

(c) 

Angular momentum of 
electron 

(r) Proportional to 

id) 

Velocity of electron in nth 

(s) Inversely proportional to 


orbit 


[N] Match the entries in Coluran-1 with the correctly related 


■quantum ndmiber(s) in Cdlumn-II: ' 


Column-l. 


(a) 

Orbital angular momentum (p) Principal quantum 
of the electron in a hydrogen- number 


like atomic orbital 

.. . ,_ 

(b) 

A hydrogen-like one electron (q) Azimuthal quantum 
wave function obeying Pauli number 


principle 


(c) 

Shape, size and orientation 

(r) Magnetic quantum 


of hydrogen-like atomic 
orbitals 

number 

(d) 

Probability density of 

(s) Electron spin quantum 


electron at the nucleus in 

number 


hydrogen-like atom 


[0] 

Match the List-Iv»th List-II: (IIT 2006) 


Li®t-i 

List-n 

(a) 

Wave nature of radiation 

(p) Photoelectric 



effect 

(b) 

Photon nature of radiation 

(q) Compton effect 

(c) 

Interaction of a photon with an (r) Diffraction 


electron, such that quantum energy 
is slightly equal to or greater than 
the binding energy of electron, is, 
more likely to result in: 

Interaction of a photon with an (s) Interference 
' electron, such that photon energy is 
much greater than the binding 
energy of electron, is more likely to 
result in: 


(a) VJK„ = ? (p) 0 

(b) If radius of nth orbit« Erf', x = ? (q) -1 

(c) Angular momentum in lowest orbital (r) - 2 

fp 


[P] Match the CoIumn-I with Column-II: 

Column-I Column-II 

(a) Orbital angular (p) ^s(s + l) h/2n 

momentum of an electron 

(b) Angular momentum of (q) (n + 2) BM 
electron 


(c) Spin angular niqmentum (r) nhlln 
of electron 

(d) Magnetic moment of atom (s) (/ +1) h/2it 
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[Q] Match the Col^mn-l with Column-II: 


[R] Match the Colunm-I with Column-II: 


Column-l 

(a) Scintillation 

(b) Photoelectric effect 

(c) Diffraction 

(d) Principle of electron 
microscope 


Columti-ll 

(p) Wave nature 

(q) Particle nature 

(r) Particle nature dominates 
over wave nature 

(s) Wave nature dominates 
over particle nature 




1. [A] (i—e);(ii—4);(iii—f);(iv—b);(v--a);(vi—c) 

[B] (i—d); (ii—^a); (iii—b); (iv—f); (v—c); (vi—e) 

[C] (i—f); (ii—d); (iii—a); (iv—e); (v—b); (vi—c) 

2. [A] (a—q, r, s) (b—^r) (c—p) (d—(^s not match) 

[B] (a—q, s) (b—p, s) (c—r, s) (d-^', s) 

[C] (a—^r, s)(b—p)(c—q[)(d—q)"^ 

[D] (a—q, r) (b—p, q) (c—s) (d—p, q) 

[E] (a—q, r) (b—q, r, s) (c—pHd—p) 

[F] (a—p, r) (b—q, s) (c—q, s) (d—p, r) 

[G] (a-^, r) (1^) (c-s) (d-^, r) 

[H] (a—r, s) (b—q, s) (c—q, p) (d—p, r) 


Colttmn-I 

(a) Radial function R 

(b) Angular function 0 

(c) Angular function <I> 

(d) Quantized angular 
momentum 


Columii-II 

(p) Principal quantum 
number 

(q) Azimuthal quantum 
number ‘P 

(r) Magnetic quantum 
number ‘m’ 

(s) Spin quantum number‘j’ 


[I] (a—r, s) (b—p, s) (c—q, r) (d—p, q) 

[J] (a—p) (b—p) (c—p, r) (d—r) 

[K] q'a—r) (b—p) (c—q, s) (d—r) 

[L] (a—r) (b—q) (c— p) (d—s) 

[M] (a—r, p) (b—r) (c—q) (d—s) 

[N] (a—p) (b—s) (c—p, q, r) (d—p, q) 

[O] (a—r, s) (b—p, q) (c—p) (d—q) 

[P] (a--^)(i^r)(c-p)(d-^) 

[Q] (a-Hi)(l^r)(c-p)(d-p,s) 

[R] (a—p, q) (b—q, r) (c—r) (d—q, s) 



1. An atom of an element contains 13 electrons. Its nucleus has 14 
neutrons. Find out its atomic number and approximate atomic 
mass. An isotope has atomic mass 2 units higher. What will be 
the number of protons, neutrons and electrons in the isotope? 
[Ans. At. No. = 13, atomic mass = 27; the isotope will have 
same number of protons and electrons = 13 but neutrons will be 
14 + 2 = iq 

2. From the following find out groups of isotopes, isobars and 
isotones: 

‘|0. gK, ‘|C, In, |Ca, llGe, 

1]As, '*0, llGs, ]|Se 

[Ans. Isotopes—^same at. no. but different at. masses. 

\6n ISr^. 239 tt 238tt. 
gO, gO, 92 U, 92 U, 32Ge, 32Ge 

isobars—^same atomic masses but different at. numbers 
‘^C,'^N; ^Ge, 

Isotones—same number of neutrons. 

gK. MCa;]^s, IfSe] 

3. An element has atomic number 30. Its cation has 2 units 
positive chaise. How many protons and electrons are present 
in the cation? 

[Ans. Protons = 30, Electrons = 28] 


4. Calculate the number of neutrons in 18 mL of water. (Density 
, of water =1) 

[Ans. 48.16x10^5] 

[Hint: One molecule of water contains = 8 neutrons] 

5. Find (i) the total number of neutrons and (ii) the total mass of 
neutrons in 7 mg of ‘‘‘C (assuming that mass of neutron 
= mass of hydrogen atom). 

[Ans. (i) 24.08 X 10 “ and (ii) 4 mg] 

6. Calculate the wavelength of a photon in Angstroms having an 
energy of 1 electron volt. 

[Hint: 1 eV = 1.602x10-*’joule; 

/i = 6.62 X IQ-^’ J-s, c =■ 3 X 10* ms"* 

X = ~ = 12.42 X 10“’ m = 12.42 x lO’ A] 

7 . A photon of light with wavelength 6000 A has an energy E. 
Calculate the wavelength of photon of a light which 
corresponds to an energy equal to 2E. 

[Ans. 3000 A] 

8. Calculate the energy in kilocalorie per mol of the photons of 
an electromagnetic radiation of wavelength 5700 A. 

[Ans. 56.3 kcal per mol] 



Atomic Structure 


117 


9. Light of what frequency and wavelength is needed to ionise 
sodium atom. The ionisation potential of sodium is 
8.2xlO"'®J. 

[Ans. V = 1.238x10*^ Hz; 2, = 242 nm] 

10. Determine the energy of 1 mole photons of radiations whose 
frequency is 5 x 10*" s“‘. (h = 6.62 x J- s) 


[Ans. 19.9 J] 

11. Find e / m for He*^^ ion and compare with that for electron. 
[Ans. 4.87 x lO’ coulomb kg”' ] 


12 . 


A ball of mass 100 g is moving with a velocity of 1(X) m sec 
Find its wavelength. 


[Hint: L = — 
mv 


6.626x10”^'’ 
0.1 X 100 


= 6.626 X 10”“ m] 


13. Calculate the wavelength of radiation and energy per mol 
necessary to ionize a hydrogen atom in the ground state. 

[Ans. X = 9.12xl0”* m;1313kJ/mol] 

14. Bond energy of F 2 is 150 kJ mol”*. Calculate the minimum 
frequency of photon to break this bond. 

[Ans. 3.759 x lO'"' s”'], 


15. If an Einstein (E ) is the total energy absorbed by 1 mole of a 
substance and each molecule absorbs one quantum of energy, 
then calculate the value of 'E' in terms of X in cm. 


[Ans. 


.198x10' 


,8 


erg mol” 


16. How many chlorine atoms can you ionize in the process? 

Cl —> CC + e by the energy liberated from the following 
process; 

Cl + e -4 Cr for 6x10^^ atoms 
given that electron affinity of chlorine is 3.61 eV and 
ionization energy of chlorine is 17.422 eV. 

[Ans. L24 x 10^^ atoms] 

17, Find the velocity (ms”') of electron in first Bohr orbit of 
radius Oq. Also find the de Broglie wavelength (in ‘m’)- Find 
the orbital angular momentum oflp orbital of hydrogen atom 
in units of A / 271. 


^ 2.188x10'’ -I 

[Hint: V ~ -^— m sec 


2188X10" 


1 


■ 2188 X 10 " m sec 


X = 


6.626 X 10 


'34 


mv 9.1x10”^.'X 2.188x10" 
= 3.3 X 10”'" m 

_h_ 
2 % 

2n 


OAital angular momentum = ^l{l + 1) 
= ,/!(!+ 1 ) 


(■■•/= 1 for 2p) 


18. The energy of an a-particle is 6.8 x 10”'® J. What will be the 
wavelength associated with it? [CBSE-PMT (Mains) 2005] 


22 . 


23. 


[Hint; 


6.626 X 10 


■JlEm ^2 X 6.8 X 10”'® x 1.66 x 10' 


■27 


= 2.2xl0”''m] 

19. Determine the number of revolutions made by an electron in 

one second in the 2nd Bohr orbit of H-atom. 

,. 27ir, 

[Ans, n = -] 

V 

20. What is the speed of an electron whose de Broglie wavelength 
is 0.1 nm? By what potential difference, must have such an 
electron accelerated from an initial speed zero? 

' [Ans. 7.28x10" m/sec; 150 V] 

21. A green ball weighs 75 g; it is travelling towards observer at a 
speed of 400 cm/sec. The ball emits light of wavelength 
5x10”" cm. Assuming that the error in the position of ball is 
the same as wavelength pf itself, calculate error in the 
momentum of the green ball. 

[Hint; &x-Ap>-^ ■ . ..- —^— 


Ap> 
Ap > 
Ap =“ 


471 

h 

An Ax 
h 

AnX 

6626 X 10”^^ 

4 X 3.14 X 5 X 10” 


■ 1.055 x 10””] 


What is the relationship between the eV and the wavelength in 
metre of the energetically equivalent photons? 

[Ans, 2 = 12.4237x10"*'metre] 

What is the velocity of an electron (m = 9.11 x 10”"' kg) in the 
innermost orbit of the hydrogen atom? 

(Bohr radius = 0 l529 x 10”'" m) 

[Ans. 2.187 X 10 "m/sec] 


24. In a hydrogen atom, an electron jumps from the third orbit to 
the first orbit. Find out the frequency and wavelength of the 
spectral line. {R^ = L09678 x 10^ m”') 

[Ans. 2.925 x10'" Hz, 1025.6 A] 


25. The energy of the electron in the second and third Bohr orbits 
of hydrogen atom is -5.42 x 10”*^ erg and -2.41 x 10"'^ erg 
respectively. Calculate the wavelength of the emitted radiation 
when the electron drops from third to second orbit. 

[Ans. 6.6 X 10" A] 

26. Calculate the wavelength in angstroms of the photon that is 
emitted when an electron in Bohr orbit n = 2 returns to the orbit 
n = 1 in the hydrogen atom. The ionisation potential of the 
ground state of hydrogen atom is 2.17 x 10”" erg per atom. 


[Hint: Energy of the electron in the 1 st orbit = - (ionisation 
potential), AS = (3 / 4) x 217 x 10"'' erg per atom] 

[Ans. 2= 1220A] 

27. Calculate the wave number for the shortest wavelength 
transition in Balmer series of atomic hydrogen. (HT 1.996> 
[Ans. 27419.25 cm”'] 
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28. The wavelength of the first member of the Balmer series of 
hydrogen is 6563 x 10^’° m. Calculate the wavelength of its 
second member. 


[Hint: 


h. 

K 


■ Rvt 


5 16 

— X — 

36 3 


3^ 

' 27 


and 


1 


= Ra 




1 


20 

— X 6563 X 10"'“ = 4861 X 10"‘“ m] 
27 


29. According to Bohr theory, the electronic energy of hydrogen 
atom in the nth Bohr orbit is given by, 

2L76xlO"'“ 


Calculate the longest wavelength of light that will be needed 
to remove an electron from the 2nd orbit of ion. • 

[Ans. 4.059 X10"* m] 

30. Calculate the frequency, energy, and wavelength, of the 
radiation corresponding to spectral line of lowest frequency in 
Lyman series in the spectra of hydrogen atom. Also calculate 
the energy of the corresponding line in the spectra of . 

(IIT 1991) 

[Ans. X = 1216 X 10“’m,v = 2.47 X lO"* cycle sec"*, 

E = 16.36 X 10"'“ J, =.Z’ X £h = 9 X 16.36 x lO"'* J 
= 147.27x10"'“ J] ‘ 

31. Calculate the ratio of the velocity of light and the velocity of 
electron in the 2nd orbit of a hydrogen atom, (Given 
h = 6.624 X 10""’ erg-sec;, m = 9 .108 x 10"® g; 

r= 2.11x10"* cm) 

[Ans. 273.2] ' 

32. What hydrogen-like ion has the wavelength difference 
between the first lines of Bafqier and Lyman series equal to 
59.3 nm (^h = 109678 cm”')? 

[Hint: Wavelength of 1st line in Balmer series. 




36 


1 1 


■■ — RhZ^ 
36 “ 


5R^Z 


Wavelength of 1st line in Lyman series is. 


1 


■Z^R, 


1 1 


or 


X, - - 


3 X R„Z^ 


Difference Xg -Xi = 59.3 x 10" 


36 


RhZ‘ 


5 ^ 


5R^Z 
4' 


3/?„Z‘ 


88 


59.3x10"' X 109678x15 
^3 


= 9.0 


Hydrogen-like species is Li^"*'.] 


33. The velocity of an electron in certain Bohr orbit of H-atom 
beats the ratio 1 : 275 to the velocity of light, (a) What is the ' 
quantum number ‘n' of the orbit? (b) Calculate the wave 
number of the radiation when the electron jumps from (n + 1) 
state to ground state. 

[Ans. v = 9.75x10“cm"'] 

V \ X 

[Hint: (a) - =-oru =-^= 1.09 x 10* cm sec"* 

c 275 275 

_ nh _ nh 

2nmr Zicm X 0.529 x 10"* x 
h 

or «.=-—--- 

27imx 0.529X 10 * xp 

• 6.625x 10'^’ _ 

2 X 3.14 X 9.1 X 10"''* X 0.529 x 10"* x L09 x 10* 

= 2 , ' 

(b) Thus, n + 1 = 2 -I- 1 = 3. The electron jumps from 3rd orbit to 
1 St orbit.] 

34. Find out the wavelength of the next line in the series having 
lines of spectrum of H-atom of wavelengths 6565 A, 4863 A, 
4342 A and 4103 A. 

[Ans. 3972 A] 

[Hint: All these lines are in visible region and thus, belong to 
Balmer series. Next line is, therefore, from 7th orbit.] 

35. Which jump is responsible for the wave number of emitted 
radiations equal to 9.7490 x 10® m"' in Lyman series of 
hydrogen spectrum? (/? = 1.09678 x lO’m"‘) 

[Ans. 3] 

36. Calculate the ionisation energy of the hydrogen atom. How 
much energy will be required to ionise 1 mole of hydrogen 
atoms? Given, that the Rydberg constant is L0974 x lO’ m~'. 

[Ans. IE per hydrogen atom = 2.182 x 10"'* J 
IE per mole = 1314 kJ mol"'] 

37. Calculate the ionisation energy of (a) one Li''^^ ion and (b) one 
mqje ofLi^^ ion. (Given, R = L0974 x 10"’ m"') 

[Ans. (a) 19.638 x 10"'* J (b) 1.118 x 10“ kJ mol"'] 

38. A series of lines in the spectrum of atomic hydrogen lies at 
656.46 nm, 486.27 nm, 439.17 nm and 410.29 nm. What is the 
wavelength of the next line in this series? What is the 
ionisation energy of the atom when it is in the lower state of 
transition? 

[Am. = 397.15nm; IE = 3.40eV] 

39. A certain line of the Lyman series of hydrogen and a certain 

line of the Balmer series of He* ion have nearly the same 
wavelength. To what transition do they belong? Small 
differences between their Rydberg constant may be neglected. 
[Ans. Hydrogen Helium 

2 - 4 14 - 4-2 

3 - 41 6-^2 

4 - 4 1 8-4 2 ] 

40. What element has a hydrogen-like spectrum whose lines have 
wavelengths four times shorter than those of atomic hydrogen? 
[Ans. He*] = 
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41. What lines of atomic hydrogen absorption spectrum fall 
within the wavelength ranges from 94.5 to 130 nm? 

[Ans. 97.3; 102.6; 121.6 nm] 

42. The binding energy of an electron in the ground state of an 
atom is equal to 24.6 eV. Find the energy required to remove 
both the electrons from the atom. 

[Ans. 79 eV] 

43. What is the ratio of the speeds of an electron in the first and 
second orbits of a hydrogen atom? 

[Ans. 2 ; 1] ^ 

44. Find out the number of waves made by a Bohr electron in one 

complete revolution in its third orbit. (IIT 1994) 

[Ans. 3] 

45. The wave number of first line in Balmer series of hydrogen is 
15200 cm“‘. What is the wave number of first line in Balmer 
series of Be^'^? 

[Ans. 2.43 x 10^ cm^' ] 

46. Calculate the speed of an electron in the ground state of 
hydrogen atom. What fraction of the speed of light is this 
value? How long does it take for the electron to complete one 
revolution around the nucleus? How many times does the 
electron travel around the nucleus in one second? 

[Ans. 2.186xlCl^ms“';7.29xl0-^] 

47. An electron, in a hydrogen atom, in its ground state absorbs 
1.5 times as much energy as the minimum required for its 
escape (fe, 13.6 eV) from the atom. Calculate the value of A 
for the emitted electron. 

[Ans. 4.69 A] 

48. The radius of the fourth orbit of hydrogen is 0.85 nm. 
Calculate the velocity of an electron in this orbit 
(m, =9.1x10-^* kg). 

[Ans. 5.44 X 10* ra see”* ] 

49. A beam of electrons accelerated with 4.64 V was passed 
through a tube having mercury vapours. As a result of 
absorption, electronic changes occurred with mercury atoms 
and light was emitted. If the full energy of single electron was 
converted into light, what was the wave number of emitted 
light? 

[Ans. ; 3.75 X 10“'cm‘‘I 

50. An electron jumps from an outer orbit to an inner orbit with 
the energy difference of 3.0 eV. What will be the wavelength 
of the line and in what region does the emission take place? 
[Ans. A, = 4140 A; visible region] 

[Hint: 1 eV =1.6 xlO"'^ erg] 

51. The first ionisation energy of a certain atom took place with an 
absorption of radiation of frequency 1.5 xio'® cycle per 
second. Calculate its ionisation energy in calorie per gram atom. 
[Ans. 1.43 X 10* cal], 

[Hint: 1 calorie = 4.18 x 10^ erg 

Apply E = hxv X Avogadro’s number] 

52. Find the wavelength associated with an electron which has 
mass 9.1 x 10^^* g and 'is moving with a velocity of 10^ cm 
sec^'. (Given h = 6 .625 x 1erg-sec) 

[Ans. A = 7.28 X 10~® cm] 


53. Calculate the momentum of the particle which has de Broglie 
wavelength 1 A (10“'° m)and A = 6;6x 10"^'* J- sec. 

[Ans. 6.6 X10”^'* kg m sec”' ] 

54. The uncertainty of a particle in momentum is 3.3x10^^ 

kg ms'*. Calculate the uncertainty in its position. 
(/! = 6.6 x 10“*''J-sec) >V 

[Ans. Ilxl0“‘‘'m] 

55. Calculate the product of uncertainties of displacement and 
velocity of a moving electron having a mass 9,1 x 10”** g. 
[Ans. 5.77 x 10'* m* s'* ] 

[Hint; Ar-An>—^] 

47tm 

56. (a) A transition metal cation has magnetic moment a/IS 

BM. What is the atomic number of x**? 

(b) Select the coloured ion and the ion having maximum 


1 

1 

1 

1 

1 


magnetic moment (i) Fe^^, (ii) Cu"^,. (iii) Sc** and 


(b)Fe** 


Mn** 


(iv)Mn** 

[Hint: (a) 26, 26Fe->3d®4s^ 

Fe**: ->3d*4s® 
p ==>(« +2) = V5x7=V35 

Both these ions will be coloured and magnetic moment of Fe^* 
will be greater.] 

57. A photon of wavelength 4000 A strikes a .metal surface, the 
work function of the metal being 2.13 eV. Calculate (i) energy 
of the photon in eV, (ii) kinetic energy of the emitted 
photoelectron and (iii) velocity of the photoelectron. 

[Ans.£= 3.10 eV;KE = 0.97 eV; Velocity = 5.85 x 10* ms'* ] 
[Hint: 1 eV = 1602x10''® J] 

58. Calculate the ratio between the wavelengths of an electron and 
a proton, if the proton is moving at half the velocity of the 
electron (mass of the proton = 1,67 x 10'^* kg; mass of the 
electron = 9.11 x 10'^* g). 

[Ans. 9.2455 X 10“''m] 

[ Hint: Apply de Broglie equation, A = — 

mv 

1 ^ 6.625 X10'*'' 

Wavelength of electron =-' 

9.11xl0'*> 

\ 6.625x10'*“ , 

Wavelength of proton =--] 

1.67x40'**’X0.5» 

59. A moving electron has 2.8 x 10'^* J of kinetic energy. 
Calculate its wavelength. 

(Mass of electron = 9.1 x 10'*.' kg) 

[Ans. 9.2455'xl0-*m] 


1L 

1 

1 

1 

1 


1 

1 

1 
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[Hint: » = = 784.46 ms“';X = —] 

V m . mv 

60. Helium has mass number 4 and atomic number 2. Calculate 
the nuclear binding energy per nucleon (mass of neutron 
= 1.00893 amu and proton = 1.00814 amu, He = 4.0039 amu 
and mass of electron is negligible). 

[Ans. 7.038 Me V] 

61. Calculate the mass defect and binding energy per nucleon of 
'gOwliich has a mass 15.99491 amu. 

Mass of neutron = 1.008655 amu 
Mass of proton = 1.007277 amu 
Mass of electron = 0.0005486 amu 
1 amu = 931.5 MeV 
[Ans. 7.976 MeV/nucleon] 

62. The circumference of the second Bohr orbit of electron in the 
hydrogen atom is 600 run. Calculate the potential difference to 
which the electron has to be subjected so that the electron 
stops. The electron had the de Broglie wavelength 
corresponding to the circumference. 

,, , .. < , Circumference 

[Hint: 


Number of waves ‘ n’ = - 


Wavelength 
rik = Inr 
2X = 600 
k = 300 nm 


Let stopping potential is Fq. 


eVa- 


1 


...(i) 


k = - 


mv 

km 


From equations (i) and (ii), 


eFn = ^m| 
2 


h 

km 


. (ii) 


2m)?e 


(6.626 X lO”^"*)^ 


2 X (9.1 X 10"^‘) X (300 X 10'^)- x 1.6 x lO’'^ 

= 1.675 x10"^ V] 

63. The velocity of an electron of mass 9.1 x 10~^' kg moving 
round the nucleus in the Bohr orbit (diameter of the orbit is 
1.058 A) is 2.2 X 10"*’ m sec“'. If momentum can be measured 
within the accuracy of 1%, then calculate uncertainty in 
position (Ax) of the electron. 

[Ans. 2.64 X 10^ metre] 

64. An electron wave has wavelength 1 A. Calculate the potential 
with which the electron is accelerated. 

[Ans. 0.0826 volt] 

65. Calculate the de Broglie wavelength associated with an 


Orparticle having an energy of 7.7 x 10 
6.6 X lO'^"* g. (/! = 6.6 X lO”^"* J-s) 

[Arts. 6.56 X 10“'^ cm] 


J and a mass of 


66. An electron has mass 9.1 x 10 g and is moving with a 
velocity of 10^ cm/sec. Calculate its kinetic energy and 
wavelength when h = 6.626 x lO"^^ erg-sec. 

[Ans. 4.55 x 10“* erg; k = 7.28 x 10"^ cm] 

67. Calculate the de Broglie wavelengths of an electron and a 
proton having same kinetic energy of 100 eV. 

[Ans. k^ = 123 pm; k^ = 2.86 pm] 

68 . Work function of sodium is 2.5 eV. Predict whether the 
wavelength 6500 A is suitable for a photoelectron or not? 
[Ans, No ejection] 

69. Calculate the de Broglie wavelength associated with a helium 
atom in a helium gas sample at 27°C and 1 atm pressure. 

[Ans. 7.3 X 10“*'metre] 

70. The threshold frequency for a certain metal is 3.3 xTO''* 

cycle/sec. If incident light on the metal has a cut-off frequency 
8.2 xlO'"' cycle/sec, calculate the cut-off potential for the 
photoeleetron: — 

[Ans. 2 volt] 

71. Can you locate the electron within 0.005 nm? 

[Ans. No.] 

[Hint: Use uncertainty principle to determine uncertainty in 
velocity. 


4Tcm Ax 

On substitution, you will get, 

Ad > 1.16 X 10^ ms“' 

Velocity of electron is therefore expected to be as high as velocity 
of light. We may say that the velocity of electron is uncertain 
within 0.005 nm.] 

72. The photoelectric cut-off voltage in a certain experiment is 1.5 
volt. What is the maximum kinetic energy of the 
photoelectrons emitted? 

[Ans. 2.4 X 10'*® joule] 

73. A proton is accelerated to one-tenth the velocity of light. If its 
velocity can be measured with a precision of ± 1 %, what must 
be its uncertainty in position? 

(/: = 6.6 X 10'^“* J-s; mass of pro ton = 1.66 x 10“^^ kg) 

[Ans. 1.05 X 10'"* m] 

74. In a photoelectric effect experiment, irradiation of a metal with 
light of frequency 5.2 x lO'”* sec'' yields electrons with 
maximum kinetic energy 1.3 x 10'*® J. Calculate the of the 
metal. 

[Ans. 3.2x10“'sec''] 

75. Calculate the wavelength of a CO 2 molecule moving with a 
velocity of 440 m sec''. 

[Ans. 2.06 X 10“" metre] 

76. The predominant yellow line in the spectrum of a sodium 
vapour lamp has a wavelength of 590 nm. What minimum 
accelerating potential is needed to excite this line in an 
electron tube having sodium vapours? 

[Ans. 2.11 volt] 
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77. Find out the wavelength of a track star running a 100 metre 
dash in 10.1 sec, if its weight is 75 kg. 

[Ans. 8.92 X m] 

78. At what velocity ratio are the wavelengths of an electron and a 
proton equal? 

(m^ = 9.1 X 10"^® g and ffip = 1.6725 x lO^^"* g) 

[Ans. ^ = 1.8x10^] 

79. Through what potential difference must an electron pass to 
have a wavelength of 500 A? 

[Ans. 6.03 X 10"“ eV ] 

[Hint: Use 3. = -;=£=] 
yjleVm 

80. Calculate the velocity of an a-particle which begins to reverse 
its direction at a distance of 2 x 10"*“ m from a scattering gold 
nucleus (Z = 79). 

‘ [Ans, 2.346x10’m/sec] 

81. Two hydrogen atoms collide head-on and end up with zero 
kinetic energy. Each then emits a photon with a wavelength 
121.6 nm. Which transition leads to this wavelength? How 
fast were the hydrogen atoms travelling before the collision? 


(Given, = 1.097 x lO'm"' and = 1.67 x 10"“' kg) 


[Ans. 

[Hint: 


rti = 1; ^2 = 2; 4.43 x 10“ m sec" ] 
Wavelength is in UV region; thus «, will be 1. 


1 


121.6 X 10” 


mv 


= 1.097x10’ xUx 

, =2 
I _ he 

“T 


V 


1_ J. 

1“ 4 


■X 1 . 67 x 10 "“’ xd“ = 


82. 


6.626xl0"^“x3xl0^ 

1216 x 10 "’ 

u = 4.43 X 10“ m sec”‘] 

Show that the wavelength of electrons moving at a velocity 
very small compared to that of light and with a kinetic energy 
of V electron volt can be written as, 

. 12.268 

A =-^— X 10 ® cm 

4v 

h 

[Hint: Use the relation, X = 

Here, 


83. 


■JlEm 

h = Planck’s constant 
M = 9.1 X 10"“* g (mass of e~ ) 

E = Kinetic energy of electron 
= KeV=Fx 1.6x10"'“ erg] 

What is the distance of closest approach to the nucleus of an 
a-particie which undergoes scattering by 180° in 
Geiger-Marsden experiment? 

[Ans. ?!) = 4.13fm] 

[Hint: For closest approach. 


1 2 „ Ze x e 

- mv =K - 


For Rutherford experiment, 

- mv^ = 5.5 MeV = 5.5 x iff x 1.6 x 10"” J = 8.8 x 10"'^ J 
2 


8.8x10 


.13 9x10’x2 x79x (1.6x10”'’)“ 


ft = 4.136 X 10"'^ m 


ro = 4.13fm] 

84. Photoelectrons are liberated by ultraviolet light of wavelength 
3000 A from a metallic surface for which the photoelectric 
threshold is 4000 A. Calculate de Broglie wavelength of 
electrons emitted with maximum kinetic energy. 

[Ans. X =■ L2 X 10"’ m ] 

[Hint: 

KE = Quantum energy - Threshold energy _ 

_ 6.626 X 10"““ X 3 X 10* 6.626 x 10"““ x 3 x 10* 

3000x10”'° 4000x10"'° 

= 6.626 X 10"'® - 4.9695 x 10"” 

= L6565 X 10"'’ joule 

- mv^ = 1.6565 x 10"” 

2 

= 2 X L6565 X 10"*’X 9.1 X 10 


1-31 


mv = 5.49 X 10 

6.626x 10 


mv 5.49 X 10 


25 


: 1.2x10”’ m] 


8S. Show that de Broglie wavelength of electrons accelerated V 
volt is very nearly given by: 


X (in A): 


150 


1/2 


[Hint: X -■ 


.X = 


■JleVm 
2 


* X 10“° 


1/2 


A 


2eVm 

(6.626 X 10"““)“ X 10“° 

2 X L6 X 10"” X F X 9.1 X 10"“' 


1/2 


150 


1/2 


] 


86. A 1 MeV proton is sent against a gold leaf (Z = 79). Calculate 
the distance of closest approach for head-on collision. 

[Ans. 1.137 X 10"'“ m] 

Zi 


[Hint: d = 


47te0(J<^mi/“) 


. Do like Q.No. 83] 


87. What is the energy, momentum and wavelength of the photon 
emitted by a hydrogen atom when an electron makes a 
transition from « = 2 to n = 1 ? Given that ionization potential 
isl3.6eV. 
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[Ans. 1432 X 10"” J, 5.44x10’^^ kg m/sec, 1218 A] 
[Hint: £, =-13.6 eV 



A£ = - X 13.6 eV 
4 


= 0.75 X 13.6 X 1.6 X 10'” J = 1.632 x 10"'® J 


— = 1.632 xlO"'® 

X 

_ 6.626 X 10"^** X 3 X 10® 
1.632x10”'® 


a218xlO”‘°tn = 1218A 


h 6.626x10”^'' 1 

p- — - -rpr = 5.44x10 kg-m/sec] 

X 1218x10”'° 


88. Calculate the orbital angular momentam of the following 
orbitals; 

(a) Zp (b) 3d (c) 3s 

[Ans. {a) 42h (b) VeS (c) 0 ] 

[Hint: (a) n, = J/(/ + 1) ^ for 3p, I = I =n 
2% 

(b) |i, = V 6 fi for 3 c?,/ = 2 

(c) (X; = 0 for 3s, Z = 0] 

89. A single electron system has ionization energy 11180 kJ moF*. 
Find the number of protons in the nucleus of the system. 
[Ans.: 2 = 3 ] 


[Hint: 


1E = -5-x 21,69x10 
n 


-19 


J 


11180x10" 
6.023 X 10^" 


1^ 


X 21.69 xl0‘” 


90. 


91. 


Z=3] 

Suppose 10”'^ J of light energy is needed by the interior of the 
human eye to see an object. How many photons of green light 
(X = 550 nm) are needed to generate this minimum amount of 
energy? 


[Ans. 28] 

How many hydrogen atoms in the ground state are excited by 
means of monochromatic radiation of wavelength 970.6 A. 
How many different lines are possible in the resulting 
emission spectrum? Find the longest wavelength among these. 
[Ans. Six different lines, X = 1215.6 A] 

[Hint: 

-2169 X 10”'^ 2 1.69 x 10”'^ 6626 x 10”"'' x 3 x 10® 

1 " 970.6x10”'° 


«»4 



V»l 



- = 109671.77 X f I 4 
X ll^ 

X = 1215.68 A] 


1 <1- 4- 

six different lines 


5 
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23. The particle with 13 protons and 10 electrons is: 

(a) A1 atom (b) Al^”^ ion 

(c) nitrogen isotope (d) none of these 

24. Which of the following atoms contains the least number of 
neutrons? 

(a) (b) 

(c) (d) ^«Np 

25. The number of neutrons in dipositive zinc ion (Zn^”^, with 
mass number 70) is: 

(a) 34 (b) 36 ^ (c) 38 (d) 40 

26. Which of the properties of the elements is a whole number? 

(a) Atomic mass (b) Atomic niunber 

(c) Atomic radius (d) Atomic volume 

27. Increasing order (lowest first) for the values of elm 
(charge/mass) for electron proton {p), neutron («) and 
a-particle(a)is: 

(a) e,p,n,a (b) n,p,e,a 

(c) n,p,a,e (d) n;a,p,e 

28. The mass of neutron is of the order of: 

(a) 10"^^ kg (b) 10-“ kg 

(c) 10-“ kg (d) 10-“ kg 

29. The . atoms of various isotopes of a particular element differ 
from each other in the number of: 

(a) electrons in the outer shell only 

(b) protons in the nucleus 

(c) electrons in the inner shell only 

(d) neutrons in the nucleus 

30. Isotopes of the same element have: 

(a) same number of neutrons 

(b) same number of protons 

(c) same atomic mass 

(d) different chemical properties 

31. Which of the following conditions is incorrect for a well 

behaved wave function (v) ? fEAMCET (Engg.) 2010| 

(a) tjr must be finite (b) must be single valued 

(c) \|/ must be infinite (d) \|r must be continuous 

32. Atomic mass of an element is not a whole number because: 

(a) it contains electrons, protons and neutrons 

(b) it contains isotopes 

(c) it contains allotropes 

(d) all of the above 

33. Nucleons are: 

(a) protons and neutrons * 

(b) neutrons and electrons 

(c) protons and electrons 

(d) protons, neutrons and electrons 

34. Isotopes of an element have: 

(a) different chemical and physical properties 

(b) similar chemical and physical properties 

(c) similar chemical but different physical properties 

(d) similar physical and different chemical properties 

35. Isotopes are identified by; 

(a) positive ray analysis 

(b) Astons’ mass spectrograph 


(c) Dempster’s mass spectrograph 

(d) all of the above 

36. Mass spectrograph helps in the detection of isotopes because 
they: 

(a) have different atomic masses 

(b) have same number of electrons 

(c) have same atomic number 

(d) have same atomic masses 

37. Which of the following statements is incorrect? 

(a) The charge on an electron and proton are equal and 
opposite 

(b) Neutrons have no charge 

(c) Electrons and protons have the same mass 

(d) The mass of a proton and a neutron are nearly the same 

38. The charge on positron is equal to the charge on: 

(a) proton (b) electron 

(c) a-particle (d) neutron 

39. Discovery of the nucleus of an atom was due to the experiment 
carried out by: 

(a) Bohr (b) Rutherford 

(c) Moseley (d) Thomson 

40. Isobars are the atoms of: (CBSE 1991) 

(a) same elements having same atomic number 

(b) same elements having same atomic mass 

(c) different elements having same atomic rnass 

(d) none of the above 


41. Which of the following pairs represents isobars? 



(a) 1 He and ^ He 

(b) fjMgand^Mg 


(c) f^Kand^gCa 

(d) ?|Kandf^K 

42. 

Na'^ ion is isoelectronic with: 

(CPMT1990) 


(a) Li" (b) Mg“ 

(c) Ca“ (d) Ba“ 

43. 

The triad of nuclei that is isotonic is: 


(a) “C, “N, ’«F 

(b) «C, '^"N, ’’F 


(c) “C, “N, '^F 

(d) ‘^c, '^N, 'If 


44. Sodium atoms and sodium ions: 

(a) are chemically similar 

(b) both react vigorously with water 

(c) have same number of electrons 

(d) have same number of protons 

45. In Cl and fj Cl, which of the following is false? 

(a) Both have 17 protons 

(b) Both have 17 electrons 

(c) Both have 18 neutrons 

(d) Both show same chemical properties 

46. Which of the following is isoelectronic with neon? 

(a) O^' (b) p-" (c) Mg (d) Na 

47. Neutrino has: 

(a) charge +1, mass 1 (b) charge 0, mass 0 

(c) charge -1, mass 1 (d) charge 0, mass 1 

48. Positronium is the name given to an atom-like combination 

formed between: (JIPMER 1991) 

(a) a positron and a proton 

(b) a positron and a neutron 
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(c) a positron and an a-particle 

(d) a positron and an electron 

49. An isotone of j^Geis: 

(a) ”Ge (b) If As (c) JSe (d) f|Se 

50. Which of the following does not characterise X-rays? 

(OT1992) 

(a) The radiations can ionise gases 

(b) It causes ZnS to fluorescence 

(c) Deflected by electric and magnetic fields 

(d) Have wavelengths shorter than ultraviolet rays 

51. X-rays are produced when a stream of electrons in an X-ray 
tube: 

(a) hits the glass wall of the tube 

(b) strikes the metal target 

(c) passes through a strong magnetic field 

(d) none of the above 

52. Radius of a nucleus is proportional to; 

(a) A (cJ A^ (d) - 

53. The nature of positive rays produced in a vacuum discharge 
tube depends upon: 

(a) the nature of the gas filled 

(b) nature of the material of cathode 

(c) nature of the material of anode 

(d) the potential applied across the electrodes 

54. Electromagnetic radiation with maximum wavelength is; 

(MLNR 1991) 

(a) ultraviolet (b) radiowaves 

(c) X-rays (d) infrared 

55. The ratio of energy of radiations of wavelengths 2000 A and 

4000 A is: (CBSE1994) 

(a) 2 (b) 4 (c) 1/2 (d) 1/4 

56. The ratio of the diameter of the atom and the diameter of the 
nucleus is: 

(a) 10^ (b) 10^ (c) 10 (d) 10“' 

57. The ratio of the volume of the atom and the volume of the 

nucleus is: , 

(a) 10'° (b) lO'^ (c) 10*^ (d) 10^° 

58. Which of the following statements is incorrect? 

(a) The frequency of radiation is inversely proportional to its 
wavelength 

(b) Energy of radiation increases with increase in fi'equency 

(c) Energy of radiation decreases with increase in wavelength 

(d) The fi'equency of radiation is directly proportional to its. 
wavelength 

59. Visible light consists of rays with wavelengths in the 
approximate range of: 

(a) 4000 A to 7500 A 

(b) 4 X 10“^ cm to 7.5 x 10"^ cm 

(c) 4000 nm to 7500 nm 

(d) 4x10"^ mto 7.5x10’® m 

60. Whic's of the following statemente concerning light is false? 

(a) It is a part of the electromagnetic spectrum 

(b) It travels with same velocity, i.e. ,3x10"' cm/ s 

(c) It cannot be deflected by a magnet 

(d) It consists r f photons of same energy 


61. 


A 600 W mercury lamp emits monochromatic radiation of 
wavelength 331.3 nm. How many photons are emitted from 
the lamp per second ? [PET (Kerala) 2010] 

(h = 6626 X 10“’’"' Js, velocity of light = 3 x 10* ms’') 

(a) IxlO"’ (b) 1x10^“ 

(c) 1x10^' (d) 1x10^* 

(e) 1x10^2 


[Hint: Power = 


600 = 


600 = 


Ener©? 

Time 

nhc 

Xxl sec 

hx6.626x10’^x3x10* 

33L3X10’’ 


«.= lxl0^'] 

62. Out of X-rays, visible, ultraviolet, radiowaves, the largest 

frequency is of: ^ . 

(a) X-rays (b) visible 

(c) ultraviolet (d) radiowaves 

63. The wave number ‘which .corresponds to electromagnetic 
radiations of 600 nm is equal to: 

(a) 1.6 x 10''cm’' (b) 0.16x 10''cm’' 

(c) 16x10" cm’' (d) 160 x lO" cm"' 

64. Line spectrum is characteristic of: 

(a) molecules (b) atoms 

(c) radicals (d) none of these 

65. Which one of the following is not the characteristic of 
Planck’s quantum theory of radiation? , (AIIMS 1991) 

(a) The energy is not absorbed or emitted in whole number 
multiple of quantum 

(b) Radiation is associated with energy 

(c) Radiation energy is not emitted or absorbed continuously 
but in the form of small packets called quanta 

(d) This magnitude of energy associated with a quantum is 
proportional to the frequency 

66. Which of the following among the visible colours has the 
minimum wavelength? 

(a) Red (b) Blue 

(c) Green (d) Violet 

67. The spectrum of helium is expected to be similar to that of: 

(a) H (b) Na (c) He^ (d) Li" 

68. According to classical theory if an electron is moving in a 
circular orbit around the nucleus: 

(a) it will continue to do so for sometime 

(b) its orbit will continuously shrink 

(c) its orbit will continuously enlarge 

(d) it will continue to do so for all the time 

69. Bohr advanced the idea of: 

(a) stationary electrons (b) stationary nucleus 

(c) stationary orbits (d) elliptical orbits 

70. On Bohr stationary orbits: 

(a) electrons dp not move 

(b) electrons move emitting radiations 

(c) energy of the electron remains constant 

(d) angular momentum of the electron is — 

2tt 
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71 . 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 


Energy of Bohr orbit; (DPMT 1991) 

(a) increases as we move away from the nucleus 

(b) decreases as we move away from the nucleus 

(c) remains the same as we move away from the nucleus 

(d) none of the above 

Which of the following statements does not form part of 
Bohr’s model of the hydrogen atom? 

(a) Energy of the electron in the orbit is quantized 

(b) The electron in the orbit nearest to the nucleus has the 
lowest energy 

(c) Electrons revolve in different orbit nucleus 

(d) The position and velocity of the electron in the orbit 
cannot be determined simultaneously 

Which of the following statements does not form a part of 
Bohr’s model of hydrogen atom? (DCE 2005) 

(a) Energy of the electrons in the orbit is quantised 

(b) The electron in the orbit nearest to the jiucleus has the 
lowest energy 

(c) Electrons revolve in different orbits around the nucleus 

(d) The position and velocity of the electrons in the orbit 
cannot be determined simultaneously 

The radius of the first orbit of H-atom is r. Then the radius of 
the first orbit of Li^* will be: |AMU-PMT 2009] 

(a) ^ (b) ^ (c) 3r (d) 9r 

y 3 

[Hint: r= —X0.529A] 
z 

The energy liberated when an excited electron returns to its 
ground state can have; 

(a) any value from zero to infinity 

(b) only negative values 

(c) only specified positive values 

(d) none of the above 

On the basis of Bohr’s model, the radius of the 3rd orbit is: 

(a) equal to the radius of first orbit 

(b) three times the radius of first orbit 

(c) five times the radius of first orbit 

(d) nine times the radius of first orbit 

The ratio of 2nd, 4th and 6th orbits of hydrogen atom is: 

(a) 2 : 4 : 6 (b) 1 : 4 : 9 

(c) 1: 4 : 6 (d) 1:2:3 

Which point does not pertain to Bohr’s model of atom? 

(a) Angular momentum is an integral multiple of h/{2n) 

(b) The path of the electron is circular 

(c) Force of attraction towards nucleus = centrifugal force 

(d) The energy changes are taking place continuously 

The distance between 3rd and 2nd orbits in the hydrogen atom 
is: 

(a) 2.646 X 10"* cm (b) 2.116 x 10“* cm 

(c) 1.058 X 10"* cm (d) 0.529 x 10“* cm 


The correct expression derived for the energy of an electron in 
the nth energy level in hydrogen atom is; 


(a) E„ = 


2n}me* 

2,2 
n h 


(b) 


2ji^/ne’' 
, nh^ 


81 . 


(c)£„=- 


2nme^ 


(d) E„ =~ 




According to Bolu- theoiy, the angular momentum for an 
electron of 5th orbit is; 


(a) 5/i/TC (b) 2.5A/it (c) 5%lh (d) 25ft/7t 

82. The value of Bohr radius of hydrogen atom is: (CBSE 1.991) 
(a) 0.529 X 10"^ cm (b) 0.529 x 10"* cm 

(c) 0.529 x 10"’ cm . (d) 0.529 x 10"'® cm 


83. 


The energy of an electron in the nth Bohr orbit of hydrogen 
atom is: ■ (CBSE 1992) 


13.6 13.6 

(a)-^ eV (b)- - eV (c) 


13.6 , 13.6 

—^eV (d)-eV 


84. Which of the following electron transitions in hydrogen atom 

will require largest amount of energy? ' (MLNR1992) 
(a) from « = Ito n = 2 (b) from « = 2to n = 3 

(c) from n = <x> to n = 1 (d) from « = 3 to « = 5 

85. For a hydrogen atom, the energies that an electron can have^ 
are given by the expression, E- - 13.58/n^ eV, where «is an 
integer. The smallest amount of energy that a hydrogen atom 
in the ground state can absorb is: 

(a) l.OOeV (b)3.39eV (c)6.79eV (d) 10.19eV 

86. The energy of hydrogen atom in its ground state is -13.6 eV. 
The energy of the level corresponding to n = 5 is; 

(CBSE 1990) 

(a) -0.54eV (b) -5.40eV(c) -0.85 eV (d) -2.72eV 

87. £„ = -313.6/n^ kcabmol. If the value of £ = -34.84 
kcal/mol, to which value does ‘h’ correspond? 

(a) 4 (b)3 (c)2 (d) 1 

88. The ratio of the difference between 1st and 2nd Bol'-r orbits 
energy to that between 2nd and 3rd orbits energy is; 

(a) 1/2 (b) 1/3 (c) 27/5 (d) 5/27 

89. Bohr’s model can explain: 

(a) spectrum of hydrogen atom only 

(b) spectrum of any atom or ion having one electron only 

(c) spectrum of hydrogen molecule 

(d) solar spectrum 

90. The energy difference between two electronic states is 43.56 
kcal/mol. The frequency of light emitted when the electron 
drops from higher orbit to lower orbit, is: 

(Planck’s constant = 9.52 x 10"'’ kcal/mol) 

(a) 9.14 X lO” cycle/sec (b) 45.t x lO” cycle/sec 

(c) 91.4 X lO'"* cycle/sec (d) 4.57 x lO” cycle/sec 


91. Which of the following transitions of an electron in hydrogen 
atom emits radiation of the lowest wavelength? 

[EAMCET(Engg.)2010j 
(a) to /i] = 2 (b) nj = 4 to /i, = 3 

(c) = 2to n, - I (d) flj = 5to «i = 3 

92. The wavelength of a spectral line for an electronic transition is 
inversely related to: 

(a) number of electrons undergoing transition 

(b) the nuclear charge of the atom 

(c) the velocity of an electron undergoing transition 

(d) the difference in the energy levels involved in the 
transition 
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93. The ionisation energy of the electron in the Is-orbital of the 

hydrogen atom is 13.6 eV. The energy of the electron after 
promotion to 2s-orbital is: }1SC (Bihar) 1993] 

(a) ^3.4 eV (b) -13.6 eV 

(c) -27.2 eV (d) 0.0 eV 

94. .Which electronic level would allow the hydrogen atom to 

absorb a photon but not to emit it? 

(a) Ls (b) 25 (c) 35 (d) 45 

95. The spectral lines corresponding to the radiation emitted by an 
electron jumping from 6th, 5th and 4th orbits to second orbit 
belong to: 

(a) Lyman series (b) Balmer series 

(c) Paschen series (d) Pfund series 

96. The spectral lines corresponding to the radiation emitted by an 
electron jumping from higher orbits to first orbit belong to: 

(a) Paschen series (b) Balmer series 

(c) Lyman series (d) None of these 

97. In a hydrogen atom, the transition takes place from /j = 3 to 
n - 2. If Rydberg constant is 1,097 x lO’m”’, the wavelength 
of the emitted radiation is: 

(a) 6564 A (b) 6064 A 

(c) 6664 A (d) 5664 A 

[Hint: Apply ^ = R ^ ^ 

A yr 


98. 


99. 


The speed of the electron in the 1st orbit of the hydrogen atom 
in the ground state is (c is the velocity of light): 

(a) ^ (b) ^ (c) ^ (d) 

1.37 1370 13.7 137 

[Hint: Velocity of electron in the 1st orbit, v = hl(2nmr) 

= 2.189X 10* cm/sec.; velocity of light, c=3xl0'° cm/sec. 

Ratio c/n = 137] 

Find the value of wave number v in terms of Rydberg’s 
constant, when transition of electron takes place between two 
levels of He'^ ion whose sum is 4 and difference is 2. 

, , iR , 32R 

W— (b) — 


(c) 


9 

3R 


[Hint; «i + »2 = 4, nj -«i 


(d) None of these 
= 2 .-. n, = 1, «2 ^ 


■ RZ' 


«i 


«2 


= Rx2^ 


1 


32R . 

9 ■ 


100 . 


101 . 


102. 


With the increasing principal quantum number, the energy 
difference between adjacent energy levels in hydrogen atom: 
(a) increases (b) decreases 

(c) is the same (d) none of these 

An electron in an atom: [CEET (Bihar) 1992] 

(a) moves randomly around the nucleus 

(b) has fixed space around the nucleus 

(c) is stationary in various energy levels 

(d) moves around its nucleus in definite energy levels 

The wave number of first line of Balmer series of hydrogen is 
15200 cm"'. The wave number of the first Balmer line of Li^"^ 
ion is: [MX- 1992] 


(a) 15,200 cm"' (b) 60,800 cm"' 

(c) 76,000 cm"' (d) 1,36,800 cm"' 

103. “The position and the velocity of a small particle like electron 
cannot be simultaneously determined.” This statement is: 

(a) Heisenberg uncertainty principle 

(b) Pauli’s exclusion principle 

(c) aufbau’s principle 

(d) de Broglie’s wave nature of the electron 

104. de Broglie equation describes the relationship of wavelength 
associated with the motion of an electron and its: 

(a) mass (b) energy (c) momentum (d) charge 

105. If the magnetic quantum number of a given atom is 

represented by -3, then what will be its principal quantum 
number? [BHU (Pre.) 2005] 

(a) 2 (b) 3 (c) 4 (d) 5 

106. Which of the following relates to photons both as wave motion 

and as a stream of particles? (IIT 1992) 

(a) Interference (b) Diffraction ^ 

{c)E = hv id)E = mc^ 

107. If uncertainty in the position of an electron is zero, the 
uncertainty in its momentum would be: 

(a) zero (b) <h/(4n) 

(c) >A/(4Tt) (d) infinite 

108. Which one of the following explains light both as a stream of 
particles and as wave motion? 

(a) Diffraction (b) X = hip 

(c) Interference (d) Photoelectric effect 

109. A body of mass x kg is moving with velocity of 100 m sec"'. Its 
de Broglie wavelength is 6.62x 10"^* m. Hence x is: 

(/i = 6.62xl0"” Jsec) [CET (Karnataka) 2009] 

(a) 0.25 kg (b) 0.15 kg 

(c) 0.2 kg (d) 0.1kg. 

110. A 200 g cricket ball is thrown with a speed of 3.0 x lO' cm 
sec"'. What will be its de Broglie’s wavelength? 

[CET (Gujarat) 2008] 


(/j = 6.6 X 10"'^' g cm’^ sec ' ) 


(a) 1.1 X 10"^^ cm 


(b) 2.2x10"^^ cm 


(c) 0.55 X 10"“ cm (d) 11.0 x 10"“ cm 

111. The electronic configuration of a dipositive ionM'^'’ is 2,8,14 
and its atomic mass is 56. The number of neutrons in the' 
nucleus would be: 

, (a) 30 (b) 32 (c) 34 (d) 42 

112. An element with atomic number 20 will be placed in which 
period of the periodic table? 

(a) 5th' (b) 4th (c) 3rd (d) 2nd 

113. The frequency of radiation emitted when the elCct-on falls 

from M = 4 to n = 1 in a hydrogen atom will be (Given 
ionisation energy of H= 2.18 x 10"'* J atom"* and 
h = 6.626 X lO”*"* Js): [Manipai (Med.) 2007] 

(a) 1.54 X 10'^ s"' (b) 1.03 x lO'^ s"' 

(c) 3.08x10** s"' • (d) 2x10** s"' ' 

114. In a multi-electron atom, which of the following orbitals 
described by the three quantum numbers will have the same 
energy in the absence of magnetic and electric fields? 

(AIEEE2005) 

(i) n = 1, / = 0, m = 0 (ii) n = 2,l=0,m = 0 
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(iii) n = 2, / = 1, m = 1 (iv) n = 3, / = 2, m = 1 

(v) « = 3, / = 2, m = 0 

(a) (i) and (ii) (b) (ii) and (iii) 

(c) (iii) and (iv) (d) (iv) and (v) 

115. Which of the ions is not having the configuration of Ne? 

(a) Cr (b) F” (c) Na+ (d) Mg-"^ 


116. Which of the following has the maximum number of unpaired 
^f-electrons? (KGET 2008) 

(a)Ni^+ (b)Cu+' (c)Zn^‘' (d)Fe^ + 

117.. Which of the following expressions gives the de Broglie 
relationship? [JEE (WB) 2008] 

(a) /> = — (b) A, = — 

ntv mv 



(d) Xm= — 
P 


118. The principal quantum number of an atom is related to the: 

(MLNR1990) 

(a) size of the orbital 

(b) . orbital angular momentum 

(c) spin angular momentum 

(d) orientation of the orbital in space 

119. The magnetic quantum is a number related to; 

(a) size (b) shape 

(c) orientation (d) spin 

120. The principal quantum number represents: (CPMT 1991) 

(a) shape of an orbital 

(b) nuinber of electrons in an orbit 

(c) distance of electron from nucleus 

(d) number of orbitals in an orbit 

121. The quantum number not obtained from the Schrodinger’S 

wave equation is: (IIT 1990) 

(a) n (b) I (c) m (d) s 

122. In a given atom, no two electrons can have the same values for 

all the four quantum nunibers. This is called; (CPMT 1990) 
(a) Hand’s rule . (b) Pauli’s exclusion principle 

(c) Uncertainty principle (d) aufbau principle 

123. The atomic orbital is; 

(a) the circular path of the electron 

(b) elliptical shaped orbit 

(c) three-dimensional field around nucleus 

(d) the region in which there is maximum probability of 

finding an electron ‘ 

124. If the ionization energy for hydrogen atom is 13.6 eV, then the 
ionization energy for He* ion should be: 

IPMT (Haryana) 2004] 
(a) 13.6 eV (b) 6.8 eV 

(c) 54.4 eV (d) 72.2 eV 

125. Principal, azimuthal and magnetic quantum numbers are 
respectively related to: 

(a) size, shape and orientation 

(b) shape, size and orientation 

(c) size, orientation and shape 

(d) none of the above 

126. Energy of electron-in the H-aiom is determined by : 

(a) only n (b) both n and / 

(c)«, / and m (d) all the four quantum numbers 


127. Any jo-orbital can accommodate up to: (MLNR 1990) 

(a) 4 electrons 

(b) 2 electrons with parallel spins 

(c) 6 electrons 

(d) 2 electrons with opposite spins 

128. How many electrons can fit into the orbitals that comprise the 
3rd quantum shell n = 3? 

(a) 2 (b) 8 (c) 18 (d) 32 

129. The total number of orbitals in a principal shell is: 

(a) n (b) rP- (c) Irp- (d) 3«^ 

130. Two electrons in K-shell will differ in; 


(a) principal quantum number 

(b) spin quantum number 


(c) azimuthal quantum number 

(d) magnetic quantum number 

131. Which one of the following orbitals has the shape of a 
baby-boother ? 


(a) d.. 




(b) 


(c) d^ 


(d) Py 


132. Which one of the following represents an impossible 

arrangement? (AIEEE 2009) 

n I m s n I m s 

(a) 3 2 -2 1/2 (b) 4 0 0 1/2 

(c) 3 2 -3 1/2 (d) 5 3 0 1/2 

133. Which of the following sets of quantum numbers is correct for 

an electron in 4/-orbital? (AIEEE 2004) 

(a) « = 4, / = 3, m = + 4; s = +1/2 

(b) « = 4,/ = 4,m=-4,s=-l/2 

(c) « 4, / = 3, m = + 1, s = +1/ 2 

' (d) n = 3,l = 2,m = -2,s= + l/2 ' 

134. The correct quantum numbers of 3/>-electrons are; 

[PMT (Raj.) 20041 


(a) n = 3, / = 2, m = + 2, s = + 1/2 

(b) n = 3, / = 1, m = - 1,5 = - 1/2 

(c) n = 3,l=-2,m = -2,s = + l/2 

(d) none of the above 

135. In any subshell, the maximum number of electrons having 
same values of spin quantum number is : 

(a) ^1(1+1) (b)/+2 

(c)2/+l (d)4/+2 

[Hint : Number of electrons with same spin 

= — X Total no. of electrons 
■ 2 . 

= |x2(2/-l-l) = (2/-i-l)] 


136. Which of the following represents the correct set of four 

quantum numbers of a 4d-e!ectron? . (MLNR 1992) 
(a) 4,3,2,+ 1/2 (b) 4,2,1,0 

(c) 4,3,-2,+ 1/2 (d)4,2,l,-y2 

137. Values of magnetic orbital quantum number for an electron of 

M-shell can be: |PET (Raj.) 2008] 

(a)0,1,2 (b)-2,-l,0,+l,+2 

(c)0, 1,2,3 (d)-l,0, + l 

138. Correct set of four quantum numbers for the outermost 
electron of rubidium (Z = 37) is: 
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139. 


140. 


(a) 5.0,0,1/2 (b)5,1,0,1/2 

(c)5,1, 1,1/2 (d) 6,0,0,1/2 

Which one of the following subshells is spherical in shape? 

(a) 4^ (b) 4p (c) Ad (d) 4/ 

In hydrogen atom, the electron is at a distance of4.768 A fiom 
the nucleus. The angular monnentum of the electron is : 

[EAMCET (Med.) 2010] 
3/, 


(a) 


(c) 


2ji 

h 


(d) 


2 % 

3A 


[Hint: 


-X 0.529 A 


Angular momentum (mvr) -- 


4.768 = —X 0.529 
1 

n = 3 

nh _3h . 

141. Total number of m values for « = 4 is: 

(a) 8 (b) 16 (c) 12 (d) 20 

142. What is the total number of orbitals in the shell to which the 
g-subshell first arise? 

(a) 9 (b)16 (c)25 (d)36 

[Hint : For g-subshell, I - 4 
It will arise in 5th shell. 

Total number of oibitals in 5th shell = = 25] 


143. In Bohr’s model, if the atomic radius of the first orbit if, then 
radius of fourth orbit will be ; [BHU (Screening) 2010] 

(a) 4/i (b) 6/f (c) 16,i (d) i 

16 

144. Which of the following statements is not correct for an 
electron that has quantum numbers n = 4 and m = 2? 

(MLNR 1993) 

' (a) The electron may have the q. no. / = +1/2 

(b) The electron may have the q. no. / = 2 

(c) The electron may have the q. no. / = 3 

(d) The electron may have the q. no. /= 0,1,2,3 

145. The angular momentum of an electron depends on: 

(a) principal quantum number 

(b) azimuthal quantum number 

(c) magnetic quantum number 

(d) all of the above 

146. The correct set of quantum numbers for the unpaired electron 

of a chlorine atom is: (DPMT 2009) 

(a)2,0,0, + l (b)2,l,-l, + I 

(c)3,l,-l,±l (d)3,0,0,±^ 

147. The magnetic quantum number for valency electron of sodium 
atom is: 

(a) 3 (b) 2 (c) 1 (d) zero 

148. The shape of the orbital is given by: [PET (Raj.) 2008) 

(a) spin quantum number 

(b) magnetic quantum number 

(c) azimuthal quantum number 

(d) principal quantum number 


149. The energy of aimelectron of 2 Py orbital is: 

(a) greater than 2p^ orbital 

(b) less than 2p^ orbital 

(c) equal to 2s orbital 

(d) same as that of 2p^ and 2p^ orbitals 

150. The two eleetrons occupying the same orbital are 
distinguished by: 

(a) principal quantum-number 

(b) azimuthal quantum number 

(c) magnetic quantum number 

(d) spin quantum number 

151. The maximum number of electrons in a subshell is given by 

the expression: (AIEEE 2009) 

(a) 4/ + 2 (b) 4/ - 2 

(c) 21 + 1 (d) 2n^ 

152. The electronic configuration of an atom/ion can be defined by 
which of the following? 

(a) Aufbau principle 

(b) Pauli’s exclusion principle 

(c) Hund’s rule of maximum multiplicity 

(d) All of the above 

153. An electron has a spin quantum number +1/2 and a magnetic 
quantum number - 1. It cannot be present in: 

(a) r/-orbital (b)/orbital (c)s-orbital (d)p-orbital 

154. The value of azimuthal quantum number for electrons present 
in 4 p-orbitab is: 

(a) 1 

(b) 2 

(c) any value between 0 and 3 except 1 

(d) zero 

155. For the enei^ levels in an atom which one of the following 
statements is correct? 

(a) The 4s sub-eneigy level is at a higher energy than the 3d 
sub-energy level 

(b) The M-eneigy level can have maximum of 32 electrons 

(c) The second principal eneigy level can have four orbitals 
and contain a maximum of 8 electrons 

(d) The 5th main eneigy level can have maximum of 50 
electrons 

156. A new electron enters the orbital when: 

(a) (n + /)is minimum (b) (n + /)is maximum 

(c) (n + m)is minimum (d) (« + ffi)is maximum 

157. For a given value of n (principl quantum number), the energy 

of different subshells can be arranged in the order of: 
(a)f>d>p>s ib)s>p>d>f 

(c)f>p>d>s (d) s> f> p>d 

158. After filling the 4i/-orbitals, an electron will enter in: 

(a) 4p (b) 4s (c) 5p (d) 4/ 

159. According to Aufbau principle, the correct order of eneigy of 

3d,4s and 4 p-orbitals is: [CET (MK) 2006] 

(a) 4p < 3d < 4s (b) 4s <4p< 3d 

(c) 4s < 3d <4p (d) 3d < 4s < 4p 

160. Number of p-electrons in bromine atom is: 

[PMT (Haryana) 2004] 

(a) 12 (b) 15 

(c) 7 (d) 17 
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161. [Ar] 3(i'° 4s* electronic configuration belongs to: 

[PET (MP) 2008] 

(a)Ti (b)Tl (c)Cu _ (d)V 

162. How many unpaired electrons are there in ? (Z = 28) 

(a) Zero (b) 8 (c) 2 (d) 4 

163. The electronic configuration of chromium (Z = 24) is: 

[PaiT (MP) 1993; BHU (Pre.) 2005] 
(a) [Ne] (b) [Ne] ^ 4s* 

(c) [Ne]3s^3/3rf*4s^ (d) [Ne] 35 ^ 3 / 45 ^ 4 / 

164. The number of (^-electrons in Fe^^ (At. No. 26) is not equal to 

that of the: (MLNR1993) 

(a) p-electrons in Ne (At. No. 10) 

(b) s-electrons in Mg (At. No. 12) 

(c) i-electrons in Fe atom 

(d) /J-electrons in CF ion (At. No. 17) 

165. If the electronic strucmre of oxygen atom is written as 



<- 

-Ip- 

-> 



ti’ 

til 


; it would violate: 


[ISC (Bihar) 1993] 


(a) Hund’s rule 

(b) Pauli’s exclusion principle 

(c) both Hund’s and Pauli’s principles 

(d) none of the above 

166. The orbital diagram in which ‘aulbau principle’ is violated, is: 


(a) 

2 s 

Ti 

(b) 

1 t 

(c) 

ti 

(d) 

1 Ti 

The mang 

(a) 

4s 

: Ti 

(b) 


(c) 

\ ti 

(d) 



<- 2p - > 


t 



ti: 

t : 

t 


t 

t 

t i 


ti 

ti 

t ; 


167. The manganese (Z = 25) has the outer configuration: 


<- ip - > 

til 

t 1 

t ; 

t'l 

t i 


t 

t 

t 

t 

t i 


ti 

ti 

t 




!ti 

ti 

t 

t 

t i 


168. Which of the following elements is represented by the 
electronic configuration? 

<- Ip -r~> 


(a) Nitrogen 
(c) Oxygen 



(b) Fluorine 
(d) Neon 


169. The radial probability distribuiion curve obtained for an 
orbital wave function (V )has 3 peaks and 2 radial nodes. The 
valence electron of which one of the following metals does 
this wave function (rj/) correspond to ? 

[EAMCET (Med.) 2010] 

(a) Co (b) Li (c) K (d) Na 

[Hint: Nan —^ Ls% 2sHp\ 3s* 

Valence ela:tron 

Number of radial node = ra - / -T (» = 3) 

= 3-0-l = 2] 

170. Krypton (At. No. 36) has the electronic configuration [A] 
4s 3c?***4/j*. The 37th electron will go into which one of the 
following sub-levels? 

(a) 4/ (b) U 

(c) 3p (d) 5s 

171. An ion which has 18 electrons in the outermost shell is; 

(CBSE 1990) 

(a) K+ (b) Cu+ (c) Cs^ (d) Th‘'+ - 

172. Which of the following has non-spherical shell of electron* 

(irr 1993) 

(a) He (b) B (c) Be (d) Li 

173. Which one of the following sets of quantum numbers is not 

possible for an electron in the ground state of an atom with 
atomic number 19? [PET (Kerala) 2006; 

CET (Karnataka) 2009] 

(a) n = 2, / = 0, m = 0 (b) « = 2, / = 1, m = 0 

(c) n = 3, / = 1, m = - 1 (d) n = 3, / = 2, m = + 2 

(e) K = 4, / = 0, m = 0 

174. Helium nucleus is composed of two protons and two neutrons. 
If the atomic mass is 4.00388, how much energy is released 
when the nucleus is constituted? 

(Mass of proton = 1.00757, Mass of neutron = 1.00893) 

(a) 283 MeV (b) 28.3 MeV 

(c) 2830MeV (d) 2.83 MeV 

175. Binding energy per nucleon of three nuclei A, B and C are 
5.5, 8.5 and 7.5 respectively. Which one of the following 
nuclei is most stable? 

(a) A (b) C 

(c) B (d) Cannot be predicted 

176. The mass of jLi is 0.042 less than the mass of 3 protons and 
4 neutrons. The binding energy per nucleon in 3 Li is: 

(BHU 1992) 

(a) 5;6 MeV (b) 56 MeV (c) 0.56 MeV (d) 560 MeV 

177. Meson was discovered by: 

(a) Powell (b) Seaborg 

(c) Anderson (d) Yukawa 

178. In most stable elements, the number of protons and neutrons 
are: 

(a) odd-odd (b) even-even 

(c) odd-even (d) even-odd 

179. Nuclear particles responsible for holding all nucleons together 
are: 

(a) electrons (b) neutrons 

(c) positrons (d) mesons 

18ft. The introduction of a neutron into the nuclear composition of 
an atom would lead to a change in: (MLNR1995) 
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(a) its atomic mass 

(b) its atomic number 

(c) the chemical nature of the atom 

(d) number of the electron also 

181. Which of the following has highest orbital angular 
momentum? 

(a) 4s (b) 4p- (c) 4<sf (d) 4/ 

182. Which of the following has maximum number of unpaired 

electrons? [PMT (Raj.) 2004; BHU (Pre.) 2005] 

(a) (b) Fe^-" (c) Co^* (d) Co^^ 

183. An electron is not deflected on passing through a certain 
region, because: 

(a) there is no magnetic field in that region 

(b) there is a magnetic field but velocity of the electron is 
parallel to the direction of magnetic field 

(c) the electron is a chargeless particle 

(d) none of the aboye 

184. In Millikan’s oil drop experiment, we make use of; 

(a) Ohm’s law (b) Ampere’s law 

(c) Stoke’s law (d) Faraday’s law 

185. A strong argument for the particle nature of cathode rays is: 

(a) they can propagate in vacuum 

(b) they produce fluorescence 

(c) they cast shadows 

(d) they are deflected by electric and magnetic fields 

186. As the speed of the electrons increases, the measured value of 
charge to mass ratio (in the relativistic units): 

(a) increases 

(b) remains unchanged 

(c) decreases 

(d) first increases and then decreases 

187. Which of the following are true for cathode rays? 

(a) It travels along a straight line 

(b) It emits X-rays when strikes a metal 

(c) It is an electromagnetic wave 

(d) It is not deflected by magnetic field 

_ 188. Three isotopes of an element have mass numbers, M,{M + \) 
and (M + 2). If the mean mass number is {M + 0.5) then 
which of the following ratios may be accepted for 
Af, (M + 1), (M + 2) in that order? 

(a) 1 ; 1 ; 1 (b) 4 : 1 ; 1 

(c) 3 ; 2 : 1 (d) 2 : 1 :1 

189. The radii of two of the first four Bohr orbits of the hydrogen 
atom are in the ratio 1 : 4. The energy difference between them 
maybe; 

(a) either 12.09 eV or 3.4 eV (b) either 2.55 eV or l0.2 eV 
(c) either 13.6 eV or 3.4 eV (d) either 3.4 eV or 0.85 eV 


190. Photoelectric emission is observed from a surface, for 
frequencies v, and Vj of the incident radiation (Vj > V 2 ). If the 
maximum kinetic energies of the photoelectrons in the two 
cases are in the ratio 1 : k then the threshold frequency Vq is 
given by: 


(a) 


k-\ 


(b) 




fc V, 


k-\ 


(d) 


191. The number of waves made by a Bohr electron in an orbit of 
maximum magnetic quantum number +2 is: 


(a) 3 (b) 4 (c) 2 (d) 1 

192. A certain negative ion X'^~ has in its nucleus 18 neutrons and 
18 electrons in its extranuclear structure. What is the mass 
number of the most abundant isotope of XI 

(a) 36 (b) 35.46 (c) 32 (d) 39 

193. Which of the following statements is not correct? 

(a) The shape of an atomic orbital depends on the azimuthal 
quantum number 

(b) The orientation of an atomic orbital depends on the 
magnetic quantum number 

(c) The energy of an electron in au atomic orbital of 
multielectron atom depends on the principal = quantum 
number 

(d) The number of degenerate atomic orbitals of one type 
depends on the values of azimuthal and magnetic quantum 
numbers 

194. Gases begin to conduct electricity at low pressure because: 

(a) at low pressures gases turn to plasma 

(b) colliding electrons can acquire higher kinetic energy due to 
increased mean free path leading to ionisation of atoms 

(c) atoms break up into electrons and protons 

(d) the electrons in atoms can move freely at low pressure 

195. An election of mass m and charge e, is accelerated from rest 

through a potential difference V in vacuum. Its final speed will 
be: - (CBSE1994) 

(a) yl(eV/m) (b) 2eV/m 

(c) ^ieV/2m) , (d) ^(leV/m) 

196. The difference in angular momentum associated with the 
electron in the two successive orbits of hydrogen atom is: 

(a) h/n (h) h/2n (c) A/2 (d) («- 1) A/2n: 

197. Photoelectric effect can be explained by assuming that light: 

(a) is a form of transverse waves 

(b) is a form of longitudinal waves 

(c) can be polarised 

(d) consists of quanta 

198- The photoelectric effect supports quantum nature of light 
because: 

(a) there is a minimum frequency of light below which no 
photoelectrons are emitted 

(b) the maximum kinetic energy of photoelectrons depends 
only on the frequency of light and not on its intensity 

(c) even when metal surface is faintly illuminated the 
photoelectirbns leave the surface immediately 

(d) electric charge of photoelectrons is quantised 

199. The mass of a proton at rest is: (CBSE 1991) 

(a) zero (b) 1.67 x 10“” kg 

(c) oneamu (d) 9x 10“^* kg 

200. Momentum of a photon of wavelength X is; (CBSE 1993) 

(a) h/X (b) zero (c) hX/c^ . (d) hX/c 

201. When X-rays pass through air they: 

(a) produce light track in the air 

(b) ionise the gas 
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(c) produce fumes in the air 

(d) accelerate gas atoms 

202. X-rays: (CPMT 19^1) 

(a) are deflected in a magnetic field 

(b) are deflected in an electric field 

(c) remain undeflected by both the fields 

(d) are deflected in both the fields 

203. Find the fiequency of light that corresponds to photons of 

energy 5.0x10"’erg: (AIIMS2010) 

(a) 7.5x 10"^'sec"' (b) 7.5x 10"^‘ sec 

(c) 7.5x10^’ see"' (d) 7.5 x 1(^' sec 

r... E 5x10“’erg 

[Hint: v = - =- 5 :^— 2 — 

h &63 X10 erg sec 

= 7.54 xl(F'sec"'] 

204. The energy of an electron in the first Bohr orbit of H-atom is 

-13.6 eV. The possible energy value(s) of the excited state(s) 
for electrons in Bohr orbits of hydrogen is/are: (IIT1998) 

{a)-3.4eV (b)~4.2eV 

(c) -6.8 eV (d) +6.8 eV 

205. The electrons identified by quantum numbers n and I, (i) « = 4, 

I = 1 (ii) « = 4, / = 0 (iii) n = 31,1 = 1 (iv) « = 3, / = 1 can be 
placed in order of increasing eneigy, from the lowest to highest 
as: aiT 1999) 

(a) (iv)<(ii) <{iu)<(i) (b) (ii) <(iv)<(i) <(m) 

(c) (i) < (iii) < (ii) < (iv) (d) (iii) < (i) < (iv) < (ii) 

206. The wavelength of the radiation emitted when an electron falls 

from Bohr ori>it 4 to 2 in hydrogen atom is: (IIT 1999) 

(a) 243 nm (b) 972 nm 

(c) 486 nm (d) 182 nm 

207. The energy of the electron in the first orbit of He^ is 

- 871.6 X 10"^® J. The energy of the electron in the first orbit 
of hydrogen would \k: (IIT 1998) 

(b)-435x10"^® J 
(d) - 108.9 X 10"^® J 

208. The wavelength a^ociated with a golf ball weighing 200 g and 

moving with a speed of 5 m/h is of the order of: (IIT 2000) 

(a) 10"‘® m (b) 10"“ m (c) 10"’® m (d) 10"^ m 

209. Who modified Bohr theory by introducing elliptical orbits for 

electron path? (CBSE 1999) 

(a) Hund (b) Thomson 

(c) Rutherford (d) Sommerfeld 

210. The uncertainty in momentum of an electron is 1 x 10“’ kg 
ms"*. The uncertainty in its position will be; 

(CBSE 1999; BHU 2010) 


(a) -87L6 X 10"“ J 
(c) -217.9x10"“ J 


(A = 6.62xl0"’^kg-m^-s) 


(a) 1.05 X 10"“ m 


(b) 1.05 X 10"“ m 


(c) 5.27x10"“ m 


(d) 5.25 X 10"“ m 


211. The Bohr orbit radius for the hydrogen atom («= 1) is 

approximately 0.530 A. The radius for tte first excited state 
(n = 2) orbits is: (CME1998) 

(a) 0.13 A (b) 1.06 A (c) 4.77 A (d) 2.12 A 

212. The number of nodal planes in p^j-orbital is; (IIT 2000) 

(a) one (b) two (c) three (d) zero 

213. The angular momentum (i) of an electron in a Bohr orbit is 

given as; piT 1997) 


(a)£ = 
(c) L = 


nh 

2k 

mg 


i* 


(b) L = Jl(i+l) 


In 


(d) L - 


4n 


214. Ground state electronic configuration of nitrogen atom can be 
represented by: pm999) 


1 . 

3. 


ULuoii 11 i2.iitiiiiiii im 

m piTu H 4. 


I 4 . 1U 1U N J J 


(a) 1 only (b)i;2only (c) 1,4 only (d) 2,3 only 

215. Which of the following statement!s) are correct? 

1. Electronic configuration of Cr is [Ar] 3rf ’4j' (At. No. of 
Cr = 24) 

2. The magnetic quantum number may have negative value 

3. In silver atom, 23 electrons have a spin of one type and 24 

of the o| 5 >osite type (At. No. of Ag = 47) __ 

4. The oxidation state of nitrogen in HNj is -3 (IIT 1998) 

(a) 1,2,3 (b) 2,3;4 (c) 3,4 (d) 1,2,4 

216. The electronic configuration of. an element is 

Is^ 2s^ 2p*, 3s^ 3/?® 3J ’, 45*. This represents: (HT 2000) 

(a) excited state (b) ground state 

(c) cationic state (d) anionic state 

217. The quantum numbers + - and - - for the electron spin 

represents; 2 2 (IIT 2000) 

(a) rotation of the electron in clockwise and anticlockwise 
directions respectively 

(b) rotation of the electron in anticlockwise and clockwise 
directions respectively 

(c) magnetic moment of electron pointing up and down 
respectively 

(d) two quantum mechanical spin states which have no 
classical analogues 

218. Rutherford’s experiment, which established the nuclear model 

of the atom, used a beam of: (IIT 2002) 

(a) p-particles, which impinged on a metal foil and got 
absorbed 

(b) Y-rays, which impinged on a metal foil and ejected 
electrons 

(c) helium atoms, which impinged on a metal foil and got 
scattered 

(d) helium nuclei, which imping on a metal foil and got 
scattered 

219. How many moles of electrons weigh one kilogram? 

(Mass of electron = 9.108x10"’' kg, Avogadro’s number 
= &023xl0“) (nT2002) 


(a) 6.023 X 10^’ 
6.023 


(c) 


10 ’^ 


(b) 


(d) 


1 


9.108 


10 ” 


1 


X 10* 


9.108 9.108 x 6.023 

220. If the electronic configuration of nitrogen had Is’, it would 
have energy lower than that of the normal ground state 
configuration ls^2s’2p’ because the electrons would be 
closer to the nucleus. Yet Is’ is not observed because it 
violates: (IIT 2002) 
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(a) Heisenberg uncertainty principle 

(b) Hund’srule 

(c) Pauli’s exclusion principle 

(d) Bohr postulates of stationary orbits 

221, The orbital angular momentum of an electron in 2s-orbital is: 

[IIT1996; AIEEE 2003; PMT (MP) 2004) 

/ V 1 * 

+ (t*) zero 


2 2Jt 


(c) 


2 n 


(d)V2A 

2 % 


222. Calculate the wavelength (in nanometre) associated with a 
proton moving at 1X1 m sec"'. 

(mass of proton = 1.67x 10"^^ kg, * = 6.63 x 10“” J sec) 

(AIEEE 2009) 

(a) 0.032 nm (b) 0.40 nm 

(c)2.5nm (d)14nm 


[Hlul = : 


6.63x10"” 


mv 167x10^^x10' 

=:0.397xl0"®m = 0.4nm] 

223. The value of Planck’s constant is 6.63 x 10"” J-s. The 

velocity of light is 3 x 10* m/sec. Which value is closest to the 
wavelength in nanometer of a quantum of light with frequency 
of 8 X 10*^ sec"' ? [CBSE (PMT) 2003] 

(a) 5x10"'* (b)4xl0' 

(c)3xl0’ (d) 2 xl 0 "^* 

224. Which of the following statements in relation to the hydrogen 

atom is correct? (AIEEE 2005) 

(a) 3s-orbital is lower in energy than 3/j-orbital 

(b) 3/>-orbital is lower in energy than 3t(-orbital 

(c) 3s-and Zp -orbitals are of lower energy than 3rf-orbital 

(d) 3s, 3/j -and 3rf-orbitals all have the same energy 

225. The number of <^-electrons in Ni (At. No. = 28) is equal to that 

of the: [CPMT(UP)2004] 

(a) s and p-electrons in F " 

(b) p-electrons in Ar (At. No. = 18) 

(c) d-electrons in Ni^* 

(d) total number of electrons in N (At. No. = 7) 

226. The number of radial nodes of 3s- and 2 /j- orbitals are 

respectively: [IIT (Screening) 2005] 

(a) 2,0 (b) 0,2 (c) 1,2 (d) 2 ,l 

227. Which of the following is not permissible? (DCE 2005) 

(a) B = 4,/=3,m = 0 (b)« = 4,/= 2,m= 1 

(c) n = 4,/ = 4,/«= 1 (d) n = 4,/= 0,m = 0 

228. According to Bohr theory, the angular momentum of electron 

in 5th orbit is: (AIEEE 2006) 

(a) 25- (b) 1- (c) 10- (d) 2.5- 

7C Jt It It 

229. Which of the following sets of quantum numbers represents 

the highest energy of an atom? (AIEEE 2007) 

(a) n = 3, / = 0, m = 0, s = + 

(b) n = 3, / = 1 , m = 1 , s = -t 

(c) B = 3, / = 2, m = 1, s = + )^ 

(d) B = 4, / = 0, w = 0, s = + 


230. In ground state, the radius of hydrogen atom is 0.53 A. The 
radius of Li^"^ ion (Z = 3) in the same state is: 

[PET (Raj.) 2007] 

(a) 0.17 A (b) 1.06 A (c) 0.53 A (d) 0.265 A 

231. How many rf-electrons in Cu* (At. No. = 29) can have the spin 

quantum number (-14 )? (SCRA2007) 

- (a) 3 (b)7 (c)5 (d)9 

232. Which of the following electronic configurations, an atom has 

the lowest ionisation enthalpy? [CBSE (Med.) 2007] 

(a) ls^2s^2p^ (h)h^2s^2p^3s' 

(c) ls^ 2 s* 2 / (d)h^2s^2p^ 

233. The measurement of the electron position is associated with an 

uncertainty in momentum, which is equal to 1 x 10 " g cm s"'. 
The uncertainty in electron velocity is: (mass of an electron is 
9 X 10" g) ICBSE-PMT (Pre.) 2008] 

(a) lx 10 ^ cms"' (b) lx lo" cms"' 

(c)lxl 0 ®cms"' (d)lxl 0 ‘cms'' 

234. the ionization enthalpy of hydrogen atom is 1.312 x 10- J 

mol"'. The energy required to excite the electron in the atom 
ftomB = lton = 2is: (AIEEE 2008) 

(8)9.84x10^ Jmol"' (b) 8.51 x lO’J mol"' 

(c) 6.56 X 10^ J mol"' (d) 7.56 x 10^ J mol"' 

[Hint: E, = - 1.312 x 10* J mol"' 


F - 

E,--- 


1.312x10* 


J mol" 


AE = (E2-E,) = 1.312x10* 1 


235. 


■JlEm 


2 

4 

= - X 1.312 X 10 * = 9.84 X10* J mol"'] 

4 ' 

The wavelengths of electron waves in two orbits is 3 : 5. The 
ratio of kinetic energy of electrons will be: (EAMCET 2009) 
(a) 25 :9 (b) 5 : 3 

(c) 9:25 (d) 3 : 5 

[Hint: We know, X = 

^2 

1 = 

5 

E, :E2 = 25;9] 

236. Electrons with a kinetic energy of 6023x10" J/mol are 
evolved from the surface of a metal, when it is exposed to 
radiation of wavelength of 600 nm. The minimum amount of 
energy required to remove an electron from the metal atom is: 

. , , (EAMCET-2q09f) 


(a) 2.3125xl0""’ j 


(c) 6.02x10"'''J 
[Hint: Absorbed enei^ = 


he 


6.62xl0"”x3xl0^ 

600x10"® 


(b) 3x l0"'® j ■■ 

(d) 662xl0"”j 
Threshold energy + kinetic energy 

of photoelectron 

= Eo+EE 

6023x10" 

= £0 +--TT J/atom 


&023xl0^^' 
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237. 


3.31x10“’’ =£'o+IxlO'‘^ 

£„ = 231x10-” J] 

For the Paschen series the value of «, and Mj in the expression 

1 

I I 


A£’ = .R„ xc 


IS: 


1JEE(WB)2009] 


(a) «, =l,n 2 =2,3,4... 

(b) n, =2,^2 = 3,4,5... 

(c) «, =3,712 =4,5,6... 

(d) 71, =4,712 = 5,6,7... 

238. Ionization energy of He^ is 19.6x IQ-'^J atom-'. The energy 
of the firet stationary state (n = 1) of Li^"' is: (AIEEE 2010) 
<; (a) -22x 10“'^ J atom-'. (b) 8.82x 10"'’ J atom-' 

(c) 4.41x10-'* J atom-' (d) -4.41x IQ-” J atom"' 


rHint: 




19.6x10" 




9 


X 19.6x10 


■ i- 

9 

1-18 


= 44.1x10"'* 

= 4.41x10-” Jatom" 


£ 2 + 

« Li" 


= -4.41xlO-''Jatom-‘] 

239. The energy required to break one mole of Cl—Cl bonds in Clj 
is 242 kJ mol"'. The longest wavelength of light capable of 
breaking single Cl—Cl bond is: (AIEEE 2010) 

(c = 3 X 10* m sec"', = 6.023 x lO^^nBl"') 

(a) 700 nm (b) 494 nm (c) 594 nm (d) 640 nm 

242 

[Hint: Bond energy of single bond =-^ 

6023x10^* 


= 4.017x10"^^ kJ 
= 4.017x10"'® J 


4.017x10" 


. 

''J 

6.626xl0-*‘'x3xl0* 


X = 4.94 X10 ® m = 494 nm] 

240. In Sommerfeld’s modification of Bohr’s theory, the trajectory 
of an electron in a hydrogen atom is; [ JEE (WB) 2010] 

(a) perfect ellipse 

(b) a closed ellipse like curve, narrower at the perihelion 
position and flatter at the aphelion position 

(c) a closed loop on spherical surface 

(d) a rosette 

Set-2: The questions given below may have more 
than one correct answers 


I- Correct order of radius of the 1st orbit of H, He*, Li_^* and 
Be** is: 

(a) H > He* > Li** > Be** 

(b) Be**- >Li** >He* >H 

(c) He* > Be** > Li** > H 

(d) He* > H > Li** > Be** 


2. Which is the correct relationship? 

(a) i?, of H = 1/2 £ 2 of He* =1/3 Ej of Li** = 1/4 ^ 4 of Be** 

(b) (H) = £2 (He*) = £3 (Li** ) = £ 4 (Be**) 

(c) £, (H) = 2 £ 2 (He*) = 3 £ 3 (Li** ) = 4 £ 4 (Be**) 

(d) No relation 

3. Which is correct for any kind of species? 

(a) (£ 2 -£,)>(£ 3 -£ 2 )>(£ 4 -£ 3 ) 

(b) (£2-£,)<(£3-£2)<(£4-£3) 

(c) (£2-£,)=(£3-£2)=(E4-i?3) 

(d) (£2 - £ 1 ) = 1/4(£3 - £ 2 ) = 1/9(£4 - £ 3 ) 

4. No. of visible lines when an electron returns from 5th orbit to 
ground state in Hspectrmn is; 

(a) 5 (b) 4 (c) 3 (d) 10 

5. Quantum numbers 1=2 and m = 0 represent which orbital? 

(a)<^ (b) (C) {d)d^ 

6. If n and I are principal and azimuthal quantum numbers 
respectively, then the expression foi calculating the total 
numbers of electrons in any energy level is: 


/ = H 

/ = «-! 

1 

(a) S 2(2/-Hi) 

(b) 2 

2(2/+ 1) 

/ = 0 

/ = ! 

/ = ff +1 

? = »-] 

i 

(c) S 2(2/+1) 

/ = 0 


2(2/+ 1) 


7. 


8 . 


9. 


10 . 


11 . 


12 . 


Order of no. of revolution/sec Yi. Y 2 »Y 3 and Y 4 for I, II, III and 
IV orbits is; 

(a) Y, >Y2>Y3 >Y4 (b) Y4>Y3>Y2 >Yi 

(C) Yl >Y2>Y4>Y3 (d) Y2 >Y3 >Y4>Yi 

Consider the following statements: 

(A) Electron density in the ;c)'-plane 'mM 2 z orbital is zero 

X — y 

(B) Electron density in the j^y-plane in Idp, orbital is zero 

(C) 2s-orbital has one nodal surface 

(D) For 2/>^-orbital yz is the nodal plane. 

Which are the correct statements? 


(a) (A) and (C) (b) (B) and (C) 

(c) Only (B) (d) (A), (B), (C) and (D) 

The first emission line in the H-atom spectrum in the Balraer 
series appears at: 

/ \ 37? _i „, 3i? _i , . IR _i ,,, 9i? 

(a) — cm (b) — cm tcl -cm •" 

36 4 

1 BM is equal to: 

(a) (b) ^ (c) 


(c) -cm 

144 


(d) — m 
400 


e*Ac 


■-(d) 


msie' 4jI77i _ 4?m 

Radial probability distribution curve 
is shown for s-orbital. The curve is: 

(a) Is 

(b) 2s 

(c) 3s 

(d) 4s 

fife* orbital has: 

(a) a lobe along z-axis and a ring along jy-plane 

(b) a lobe along z-axis and a lobe along xy-plane 

(c) a lobe along z-axis and a ring along yz-plane 

(d) a lobe and ring along z-axis 


ehc 

nm 
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13. When a light of frequency v, is incident on a metal surface the 
photoelectrons emitted have twice the kinetic energy as did the 
photoelectron emitted when the same metal has irradiated with 
light of frequency V 2 . What will be the value of threshold 
frequency? 

(a) Vo = V| - V 2 (b) Vo = V, - 2 V 2 ' 

(c) Vo = 2v, - V 2 (d) Vo = V, + Vj 

14. Heisenberg’s uncertainty principle is not valid for: 

(a) moving electrons (b) motor car 

(c) stationary particles (d) all of these 

15. Consider these electronic configurations for neutral atoms; 

(i) Ls^2s^2/3s‘ (ii) ls^2s^2/4s‘ 

Which of the following statements is/are false? 

(a) Energy is required to change (i) to (ii) 

(b) (i) represents ‘Na’ atom 

(c) (i) and (ii) represent different elements 

(d) More energy is required to remove one electron from (i) than 

.. (ii)^-^-- - —.- -... - - 

16. For the energy levels in an atom which one of the following 
statements is/are correct? 

(a) There are seven principal electron energy levels 

(b) The second principal energy level can have 4 subenergy 
levels and contain a maximum of 8 electrons 

(c) The M energy level can have a maximum of 32 electrons 

(d) The 45 subenergy level is at a lower energy than the 'id 
subenergy level 

17. Which of the following statements are correct for an electron 
that has n = 4 and m = - 2 ? 


18. 


(a) The electron may be in a r/-orbital 

(b) The electron is in the fourth principal electronic shell 

(c) The electron may be in a p-orbital 

(d) The electron must have the spin quantum number = + 1/2 
The angular momentum of electron can have the value(s): 





19. Which of the following statements is/are wrong? 

(a) If the value of / = the electron distribution is spherical 

(b) The shape of the orbital is given by magnetic quantum no. 

(c) Angular moment of Is, 2s, 3s electrons are equal 

(d) In an atom, all electrons travel with the same velocity 


20.; Cqnsider the followiiig sets, of quantum numbers: 


' n 

. I ■ ■ 

m 

s 

(A) 3 

0 

0 


(B)2 

2 

1 

+>2 

(C)4 

3 

-2 

-K 

(D)l 

0 

-1 

-K 

(E)3 

2 

3 

■ +•/ 


Which of the following sets of quantum numbers is not 
possible? (CBSE (Med.) 2007] 

(a) (A), (B), (C) and (D) (b) (B), (D) and (E) 

(c) (A) and (C) (d) (B), (C) and (D) 

21. For three different metals A,B,C photo-emission is observed 
one by one. The graph of maximum kinetic energy versus 
frequency of incident radiation are sketched as : 

(BHU (Screening) 2010] 



(a) (b) 



• (c) (d) 


22 . 


For which of the following 
energy of electron in the 


species, the expression for the 

' 13.6Z^ ^ _il, 

• 0 |, =- 2 — 


the validity? [BHU (Mains) 2010] 

(a) Tritium (b) Li^^ 

(c) Deuterium (d) He^^ 


'V 
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Assertion-Reason TYPE QUESTIONS 


SM-1 

The questions given below consist of an ‘Assertion’ (A) and 
the ‘Reason* (R). Use the following keys for the appropriate 
answer: 

(a) If both (A) and (R) are correct and (R) is the correct reason for 
(A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

1. (A) F-atom has less electron affinity than CP atom. 

(R) Additional electrons are repelled more effectively by 3 /j 
electrons in Cl atom than by 2p electrons in F-atom. 

2. (A) Nuclide ’f A1 is less stable than ^Ca. 

(R) Nuclide having odd number of protons and neutrons are 
generally unstable. (IIT 1998) 

3. (A) The first IE of Be is greater than that of B. 

(R) 2/>-oAital is lower in energy than 2s. 

4. (A) The electronic configuration of nitrogen atom is 

represented as: 


and not as: 


(R)The electronic configuration of the ground state of an 
atom is the one which has the greatest multiplicity. 

5- (A) The atomic radii of the elements of oxygen family are 
smaller than the atomic radii of corresponding elements of 
the nitrogen family. 

(R) The members of oxygen family are all more 
electronegative and thus have lower value of nuclear 
charge than those of the nitrogen family. 

4. (A) For n = 3,l may be 0, 1 and 2 and may be 0, +1 and 0, ±1 
and ±2. 

(R) For each value of n, there are 0 to (n - 1) possible values 
of 1; for each value of /, there are 0 to ±/ values of m. 

7. (A) An orbital cannot have more than two electrons. 

(R) The two electrons in an orbital create ORXisite magnetic 
field. 

i. (A) The configuration of B-atom cannot be 2s^. 

(R) Hund’s rule demands that the configuration should disph'? 
maximum multiplicity. 

9- (A) The ionization eneigy of N is more than that of O. 

<R) Electrcmic configuration of N is more stable due to half- 
filled 2p-orbitals. 

16* (A) /)-orbital is dumb-bell shaped. 

(R) Electron present in /(-orbital can have any one of the three 
values of magnetic quantum number, i.e., 0, +1 or -1. 




T T t 


1L 
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Set~2 

The questions given below consist of two statements as ‘Assertion’ 
(A) and ‘Reason’ (R); while answering these choose any one of 
them: 

(a) If (A) and (R) are both correct and (R) is the correct reason for 
(A). 

(b) If (A) and (R) arc both correct but (R) is not the correct reason 
for (A). 

(c) If (A) is true but (R) is false. 

(d) If both (A) and (R) are false. 

11. (A) A special line will be seen for transition. 

(R) Energy is released in the form of wave of light when die 
electron drops fi:om 2 p^ to -2 Py orbital. (AIIMS 1996> 

12. (A) Ionization potential of Be (At. No. = 4) is less than B (At. 

No. = 5). 

(R) The first electron released ft^om Be is of p-orbital but that 
from B is of s-orbital. (AIIMS 1997) 

13. (A) In Rutherford’s gold foil experiment, very few a-particles 

are deflected back. 

(R) Nucleus present inside the atom is heavy. 

14. (A) Limiting line in the Balmer series has a wavelength of 

364.4 mm. 

(R) Limiting line is obtained for a jump of electron ft^om 

n = oo, 

15. (A) Each electron in an atom has two spin quantum numbers. 
(R) Spin quantum numbers are obtained by solving 

Schrodinger wave equation. 

16. (A) There are two spherical nodes in 3s-orbital. 

(R) There is no planar node in 3s-orbital. 

17. (A) In an atom, the velocity of electron in the hi^er Dibits 

keeps on decreasing. 

(R) Velocity of electrons is inversely proportional to radius of 
the orbit. 

18. (A) If the potential difference applied to an electron is made 4 

times, the de Broglie wavelength associated is halved. 

(R) On* making potential difference 4 times, velocity is 
doubled and hence d is halved. 

19. (A) Angular momentum of Is, 2s, 3s, etc., all have spherical 

shape. 

(R) Is, 2s, 3s, etc., all have spherical shape. 

26. (A) The radial probability of Is electron first increases, till it is 
maximum at 53 A and then decreases to zero, 

(R) Bohr radius for the first orbit is 53 A. 

21. (A) On increasing the intensity of incident radiation, the 

number of photoelectrons ejected and their KE increases. 
(R) Greater the intensity means greater the energy which in 
turn means greater the frequency of the radiation. 

22. (A) A spectral line will be seen for alp^^-lpy transition. 

(R) Energy is released in the form of wave of light when the 

electron drops ftom Ip^tolPy orbital. (VMMC 2007) 
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• Set-1 


1. (b) 

2. (a) 

3. (c) 

4. (d) 

5. (c) 

6 . (b) 

7. (d) 

8. (a) 

9. (a) 

10. (b) 

11. (d) 

12. (d) 

13. (a) 

14. (c) 

15. (b) 

16. (a) 

*7. (c) 

18. (d) 

19. (b) 

20. (c) 

21. (d) 

22. (c) 

23. (b) 

24. (a) 

25. (d) 

26. (b) 

27. (d) 

28. (a) 

29. (d) 

30. (b) 

31. (c) 

32. (b) 

33. (a) 

34. (c) 

35. (d) 

36. (a) 

37. (c) 

38. (a) 

39. (b) 

40. (c) 

41. (c) 

42. (b) 

43. (d) 

44. (d) 

45. (c) 

46. (a) 

47. (b) 

48. (d) 

49. (d) 

50. (c) 

51. (b) 

52. (b) 

53. (a) 

54. (b) 

55. (a) 

56. (a) 

57. (c) 

58. (d) 

59. (a) 

60. (d) 

61. (c) 

62. (a) 

63. (a) 

64. (b) 

65. (a) 

66. (d) 

67. (d) 

68. (b) 

69. (c) 

70. (c) 

71. (a) 

72. (d) 

73. (d) 

74. (b) 

75. (c) 

76. (d) 

77. (b) • 

78. (d) 

79. (a) 

80. (d) 

81. (b) 

82. (b) 

83. (c) 

84. (a) 

85. (b) 

86. (a) 

87. (b) 

88. (c) 

89. (b) 

m (d) 

91. (a) 

.92. (d)^ 

93. (a) 

94. (a) 

95. (b) 

96. (c) 

97. (a) 

98. (d) 

99. (b) 

100. (b) 

101, (d) 

102. (d) 

103. (a) 

104. (c) 

105. (c) 

106. (c) 

107. (d) 

!<«. (b) 

109. (d) 

110. (a) 

111. (a) 

^ 112. (b) 

113. (c) 

114. (d) 

115. (a) 

116. (d) 

117. (b) 

118. (a) 

119. (c) 

120. (c) 

121. (d) 

122. (b) 

123. (d) 

124. (c) 

125. (a) 

126. (a) 

127. (c) 

128. (c) 

129. (b) 

130. (b) 

131. (c) 

132. (c) 

133. (c) 

134. (b) 

135. (c) 

136. (d) 

137. (b) 

138. (a) 

139. (a) 

140. (a) 

141. (b) 

142. (c) 

143. (c) 

144. (a) 

145. (b) 

146. (c) 

147. (d) 

148. (c) 

149. (d) 

150. (d) 

151. (a) 

152. (d) 

153. (c) 

154. (a) 

155. (c) 

156. (a) 

157. (a) 

158. (c) 

159. (c) 

IM. (d) 

161. (c) 

162. (c) 

163. (b) 

164. (b) 

165. (a) 

166. (b) 

167. (b) 

168. (b) 

169. (d) 

170. (d) 

171. (b) 

172. (b) 

173. (d) 

174. (b) 

175. (c) 

176. (a) 

177. (d) 

178. (b) 

179. (d) 

180. (a) 

181. (d) 

182. (a) 

183. (a. b) 

184. (c) 

185. (a) 

186. (a) 

187. (b) 

188. (b) 

189. (b) 

190. (b) 

191. (a) 

192. (c) 

193. (c) 

194, (b) 

195. (a) 

196. (a) 

197. (d) 

198. (a) 

199. (c) 

200. (a) 

201. (a) 

202. (c) 

203. (c) 

204. (a) 

205. (a) 

206. (b) 

207. (c) 

208. (c) 

209. (d) 

210. (c) 

211. (d) 

212. (a) 

213. (a) 

214. (c) 

215, (a) 

216. (b) 

217. (d) 

218. (d) 

219. (d) 

220. (c) 

221. (b) 

222. (b) 

223. (b) 

224. (d) 

225. (c) 

226. (a) 

227. (c) 

228. (d) 

229. (c) 

230. (a) 

231, (c) 

232. (b) 

233. (c) 

234. (a) 

235. (a) 

236. (a) 

237. (c) 

238. (d) 

239. (b) 

240. (c) 

• Set-2 








1. (a) 

2. (b) 

3. (a) 

4. (c) 

5. (c) 

6- (d) 

7. (a) 

8. (a) 

9. (a) 

10. (a) 

11. (a) 

12. (a) 

13. (c) 

14. (b,c) 

15. (c, d) 

16. (a,d) 

17. (b, c) 

18. (a, b, c) 

19. (c) 

20. (b) 

21. (d) 

22. (a,b,c) 








1. (c) 

2. (a) 

3. (c) 

4. (a) 

5. (c) 

6. (a) 

7. (b) 

8. (c) 

9. (c) 

10, (a) 

11. (d) 

12. (d) 

13. (b) 

14. (a) 

15. (d) 

16, (b) 

17. (c) 

18. (a) 

19. (b) 

20. (b) 

21. (d) 

22. (d) 
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Brain Storming Problems 


BJECTivE Questions for 




The following questions contain a single correct option; 

1. The configuration of Cr atom but not 4s^ due to 
reason R, and the configuration of Cu atom is 3<f ''^4s’ but not 
M due to reason R 2 , Rj and Rj are; 

(a) R,: The exchange energy of M ^ 4s' is greater than that of 

R 2 : The exchange energy of M '®4s' is greater than that 
of 3d ^4s^. 

(b) Rj: 3d ^ 4s' and 3d'' 4s^ have same exchange energy but 

3d ^4s' is spherically symmetrical. 

Rj: 3d'“4s'is also spherically symmetrical, 

(c) R|: 3d ^4s' has greater exchange energy than 3d ''4s^. 
R 2 : 3d'“4s'has spherical symmetry. 

(d) Ri: 3d ^ 4 s' has greater energy than 3d ''4s^. 

R 2 : 3d '“4s' has greater energy than 3d “4s^. 

[Hint: 3d’4s' is correct because it has ^eater exchange 
possibilities of unpaired electrons. 

—1 -- 1 -- Exchange 1-2,1-3, 1-4,1-5 

1 1 T I 1 1 possibilities; 2-3,2-4,2-5 

1 2 3 4 5 

4-5 

3d '“4s' is correct because 3d '“-orbitals are- spherically 
symmetrical.] 

2. Which of the following graphs is incorrect ? 






4. Maximum value (n + I -t m) for unpaired electrons in second 
excited state of chlorine ^Cl is; 

(a) 28 (b) 25 

(c) 20 (d) none of these 

[Hint: Configuration in second excited state may be given as: 

3p 3d 


Total n + l + m = 25 ] 


5. Which of the following is correctly matched? 
(a) Momentum of H-atom when electrons 
. . . 3i?/i 


return from n = 2 to n = 1 

(b) Momentum of photon : 

(c) e/m ratio of anode rays : 

(d) Radius of nucleus : 


Independent of wavelength 
of light 

Independent of gas in the 
discharge tube 

(Massno.)'^^ 


h , 3i? 5Rh , 

p = — = hx —- =-] 

X 4 4 

6 . In hydrogen spectrum, the third line from the red end 
corresponds to which one of the following inter-orbit jumps of 
the electrons from Bohr orbit of hydrogen? 

(a) 4 1 (b) 2 -> 5 (c) 3 2 (d) 5 2 

7. In which of the following pairs is the probability of finding the 
electron in ^g^plane zero for both orbitals? 

(a) 3 d^, 4 d^ 2_^2 (b) 2 p,,d^, 

(c) 4d ^, 3(d) None of these 

8 . In which of the following orbital diagrams are both Pauli’s 
exclusion principle and Hund’s rule violated? 


(c) (d) 

3. Which among the following is correct of 5 B in normal state? 


(blPT 


(d) ti t 


Against Hund’s rale 

Against aufbau principle 
as well as Hund’s rale 
Violation of Pauli’s exclusion 
principle and not Hund’s rale 
Against aufbau principle 


9. The distance between 3rd and 2nd Bohr orbits of hydrogen 
atom is; 

(a) 0.529 X 10”® cm (b) 2.645 x 10'® cm. 

(c) 2.116X 10”® cm (d) 1.058x 10”® cm 

[Hint: /j - rj = (3^ - 2^) x 0.529 x 10”® cm] 

10. Which diagram represents the best appearance of the line 
spectrum of atomic hydrogen in the visible region? 

[PET (Kerala) 2007] 
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Increasing wavelength 

(a) 

(b) 


(c) 

(d) 


(e) 


11. The‘ m' value for an electron in an atom is equal to the number 
of m valuK for 1=1. The electron may be present in: 

(a) 3d 2 2 


. _ 

(d) none of these 

[Hint: Total values of m = (2/ + 1) = 3 for / = 1 

m = 3 is for /-subshell orbitals,' 


(c) 4/^3,, 


12. If m = magnetic quantum number, /= azimuthal quantum 
number, then: 

(a) m =: / + 2 (b) m = 2/^ + 1 

m-l 


(c) I- 


(d) /= 2»!+1 


[Hint: Magnetic quantum number ‘m' lies between (-/, 0, + /); 
thus total possible values of ‘m’ will be (2/ + 1). 

m ^ 1 


= 2/+l, i.e.,. 


] 


13. 


What are the values of the orbital angular momentum of an 

electron in the orbitals h,3s,3d and 2 pi 

(a) 0,0,V6ft,^/2» • (b) l,l,^ft,V2^ 

(c) 0,1,Sn,Sn (d) o,o,4^n,46h 


[Hint: Orbital angular momentum = ,^/(/ + 1) — = + 1) ft ] 

23t 

14. After np-orbitals are filled, the next orbital filled will be: 

(a) (n + l)s (b) (« + 2)p (c) (n + l)d (d) (n + 2)s 

15. The ratio of (E 2 - E^) to (£4 - £3 ) for the hydrogen atom is 
approximately equal to: 

(a) 10 (b) 15 (c) 17 (d) 12 

[Hint: 


£4 £•! 


16 


( 4 ] 


(-1) 


7 4 

144 3 


7 

108 


Ts^ 


16 . 


Which of the following electronic configurations has zero spin 
multiplicity? 


(a) 

(c) 


t 

T 

T 

t 




(b) 

(d) 


T 

t 


i 

4 

i 


[Hint: Spin multiplicity = (2Is + 1)] 


17. 


18. 


A photosensitive material would emit electrons if excited by 
photons beyond a threshold. To overcome the threshold, one 
would increase: (VITEEE 2007) 

(a) the voltage applied to the light source 

(b) the intensity of light 

(c) the wavelength of light 

(d) the frequency of light 

Which of the following electronic configurations have the 
highest exchange energy? 


(a) 

(b) 

(c) 

(d) 


t 

t 

t 




t 

T 

t 

t 

t 


ti 

Ti 

ti 

ti 

t 


ti 

ti 

ti 

ti 


4s 

S 

a 

a 

t 


19. Which of the following graphs correspond to one node? 






20. Angular distribution functions of all orbitals have: 

(a) I nodal surfaces (b) (/- 1) nodal surfaces 

(C) (n+ /)nodal surfaces (d) (n1)nodal surfaces 

21. If uncertainty in position and momentum are equal then 

CBSE-PMT (Pre.) 2008] 



(d) 


1 


m Sit 


when Ex = Ap 


22. The number of waves made by a Bohr electron in an orbit of 
maximum magnetic quantum number 3 is: 

(a) 3 (b) 4 (c) 2 (d) 1 

[Hint: m = 3,1 = 3,n = 4 


For, n = 4, number of waves will be 4.] 
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23. The number of elliptical orbits excluding circular orbits in the 
N'Shell of an atom is; 

(a) 3 (b) 4 (c) 2 (d) 1 

[Hint: For, N-shell,» = 4. This shell will have one circular and 

three elliptical orbits.] 

24. From the electronic configuration of the given elements K, L, 
M and N, which one has the highest ionization potential? 

(a) M = [Ne] 3s^ 3(b) L = [Ne] 3s^ 3/>^ 

(c) K = [Ne] 3s^ 3/»‘ (d) N = [Ar] 3<f . 4 sM/j^ 

[Hint: L has half-filled p-sutehell and it is smaller than N, 
hence, L will have the highest ionization potential.] 

25. Which of the following pairs of electrons is excluded from an 
atom? 

(a) n = 2, / = 0, OT = 0, s = and n = 2,l=0,m-0,s = + — 

2 2 


(b) n = 2,1 = \,m = + \,s = + 


1 


and n = 2, / =!, m = -l,s= + 


1 


(c) n = 1, / = 0, i» = 0, s = -I- — and n = l, 1=0, ni = 0,s = -- 
2 2 


(d) n = 3, / = 2, m = - 2, s = -I- 


1 


and n = 3,1 = 0, m = 0, s = + 


1 


[Hint: Both 2s electrons have same spin, hence excluded from 
the atom.] 

26. Given set of quantum numbers for a multielectron atom is: 

n I m s 
2 0 0 - 1 - 1/2 

2 0 0 - 1/2 

What is the next higher allowed set of ‘n’ and quantum 
numbers for this atom in the ground state? 

(a)ii = 2,/ = 0 (b)n = 2,l=l 

(c)« = 3,/ = 0 (d)n = 3,/=l 

27. In how many elements does the last electron have the quantum 
numbers of n = 4 and 1=1? 

(a) 4 (b) 6 (c) 8 (d) 10 

[Hint: n = 4,1 = 1 represent 4p-subshell containing six 
electrons. Thus, there will be six elements having Ap' to 4p* 
electronic configuration.] 

28. If there are three possible values (-1/2,0, +1/2) for the spin 
quantum, then electronic configuration of K (19) will he: 

(a) ls^2s^2/?^3s’3/J' (b) ls^2s^2/>^3s^3/,4s' 

(c) Is^, 2s^2/>®, 3s^3/»'‘ (d) none of these 

29. If the radius of first Bohr orbit of hydrogen atom is 'x' then de 
Broglie wavelength of electron in 3rd orbit is nearly: 


(a) 2 jcc 

[Hint: 


(b) 6Jtx 


(c) 9x 


’■n = 

'3 = = 9x 

h 

mvr = n — 

2 % 


Y 

m- 


mv9x = 3 — 

2jc 

h 

-= 67IX 

mv 

X = 6idc] 

30. How many times does light travel faster in vacuum than an 
electron in Bohr first orbit of hydrogen atom? 

(a) 13.7 times (b) 67 times (c) 137 times (d) 97 times 

Z » 

V- — X 2.188 X 10* cm/sec 
n 
1 


31. 


32. 


[Hint: 


1 


X 2.188 X 10 cm/sec 


Velocity of li^t _ SxlO*® 
Velocity of electron 2.188 x 10* 


137 times] 


A compound of vanadium has a magnetic moment of 1.73 BM. 
The electronic configuration of vanadium ion in the 
compound is: 

(a) [Ar] 3rf ^ (b) [Ar]3</' 4s® (c) [Ar] M ^(d) [Ar] 3r/ ®4s' 
[Hint: Magnetic moment = ■^n{n 2) BM 

: -^nin -I- 2) 


173 = 

Vs = V«(« + 2) 

n = \ 


• ^d ^4s^ 


(number of unpaired electrons) 


'22 ' 


33. 


(has one unpaired electron)] 

The orbital angular momentum of an electron in />-orbital is; 

(PET (Kerala) 2006] 

(a) zero (b)T" 

V27t 2n 2 27t 

24'2n 

When a hydrogen atom emits a photon of energy 12.1 eV, the 
orbital angular momentum changes by; 

(a) 105 x 10“” J sec /u-i 11 , w i a-34 

(c) 3.16x10-^'* Jsec 

[Hint: Emission of photon of 12.1 eV corresponds to the 
transition from n = 3 to w = L 
Change in anplar momentum 

= («2-«,);* 


(b) 21 lx 10""’Jsec 
(d) 4.22 X 10"^“ J sec 


2Tt 

A = A 

2jc Jt 
6626 X10"” 


^(3-1): 


34. 


3.14 

= 2.11X10'” J sec] 

The total energy of the electron of H-atom in the second 
quantum state is -Ej- The total energy of the He’ atom in the 
third quantum state is: 


(a) 


{!) 


E2 (b) 


£2 (c) 


£2 (d) 


16 


[Hint: Energy of electrons in n th state 


Z 

~xl3,6eV 

n 
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V /U-V \r 

^ 2 (H) = - — eV 


£3 (He^ ) = 


13.6x4 


eV 


El-1 

~ 4 


£3 = — £2 

9 


35. 


For negative value of £ 2 , £3 will also be negative.] 

What is the ratio of the Rydberg constant for helium to 
hydrogen atom? 

(b) 1/4 (c) 1/8 (d) 1/16 

-271W 


(a) 1/2 
[Hint: 


£ = - 


?^He _ 2 X 2 

R, 


ch' 

2 


H 


IxV 


= 8 




H 


Rne 8^ 


36. 


If the kinetic energy of a particle is doubled, de Broglie 
wavelength becomes: 

(a) 2 times (b) 4 times (c) a/ 2 times (d) - times 

a/2 


[Hint: 


X,= 


V2£wi 

h 

•JlEm 


, where, £ = Kinetic energy of the particle 
h 


X 2 - 


^2 X lEm 

-ilL 


37. 


^ = V2, /.e, X2=^] 

Imagine an atom made up of a proton and a hypothetical 
particle of double the mass of the electron but having the same 
charge as the electron. Apply the Bohr’s atomic model and 
consider all possible transitions of this hypothetical particle to 
the first excited level. The largest wavelength photon that will 
be emitted has wavelength X (given in terms of the Rydberg 
constant R for the hydrogen atom) equal to: 

(a) — (b) — (c) — (d) — 

5R 5R 5R R 

[Hint: Energy is related to mass: 

£„<=cm 

The longest wavelength photon will correspond to the 
transition of particle from « = 3 to n = 2 


1 ., 0 / 1 , 1 

. ■"^12^. 3^ 

•'max \ ^ J . 


X =^i 
5R ^ 


38. 


What is ratio of time periods (J\ /T 2 ) in second orbit of 
hydrogen atom to third orbit of He"^ ion? 

(a)-^ 


27 

[Hint: 


32 
(b) — 
27 


27 

(c) — 

32 


(d) 


n 

8 


r oc- 


' I _ "I 


«? X z? 


Z, X nj 


2 _ 


2^ X 2^ _ 32 
1- X 3^ ~ 27 


39. 


The de Broglie wavelength of an electron accelerated by an 
electric field of V volt is given by : 


1.23 1.23m,, 1.23 . 1.23 

= ^ = (d)A = — 

40. An excited electron of H-atoms emits of photon of wavelength 
X and returns in the groimd state, the principal quantum 
number of excited state is given byj_ , 


(a)VX£(X£-l) 
1 


(c) 


yjXRiXR-l) 


(b) 

(d) 


XR 


(X£ -1) 


(X£ -1) 


KR 


[Hint: — =R 

A 


« 2 =. 


1 _1_ 

2 2 

«1 «2 


=R 

1 1 ’ 


1 


XR 


] 


VXR-1 

41. A dye absorbs a photon of wavelength X and re-emits the same 
energy into two photons of wavelength X, and Xj respectively. 
The wavelength X is related to X| and X 2 as : 

(a)X = 


X 1 X 2 


(c)X = 


(X, +X 2 )" 

Xj + X 2 


(b) X = AlLAi 


X 1 X 2 


X^X^ 


(d) 


X| + X 2 


42. The radii of maximum probability for 3s, 3p and 3i/-electrons 
are in the order : 

(a) (/Inax ) 35 ^ (^max ') 3p ^ (^max ')3d 

(b) (^niax ) 35 ~ (^max ') 3p ~ (^max ')3d 
(C) (''nBx ) 3d > (''max ) 3p > (W )3s 
(d) (^max ) 3d ^ (^max ) 3i ^ (^inax )3p 

Following questions may have more than one correct options: 

1. Select the correct relations on the basis of Bohr theory: 

(a) velocity of electron « A (b) frequency of revolution »= ^ 
n n 

2 1 

(c) radius of orbit« « Z (d) force on electron 0 = — 

rr 

2. To which of the following species, the Bohr theory is not 
applicable? 

(a) He (b) Li^"^ (c) He^"^ (d) H-atom 

3. The magnitude of spin angular momentum of an electron is 
given by: 

* - 


(a) £= 3 / 5 ( 5 + 1 ) A 

ZTl 

(c) S=^xA 

2 231 


271 

(d) S=±-x — 
■ 2 271 


[Hint: Spin angular momentum = ^s{s + 1) 


2 % 


£=j>ri.i]A= 

V2I2 j 27t 


a/3 h , 

— X— ] 

2 271 


4. Select the correct configurations among the following: 

(a) Cr(Z=24):[Ar]3^/^45‘ 

(b) Cu (Z=29):[Ar]3J'®,45' 

(c) Pd(Z = 46):[Kr]4j'“,55‘’ 

(d) Pt(Z= 78):[Xe]4J'‘’45^ 
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5. Which among the following statements is/are correct? 

(a) t|f ^ represents the atomic orbitals 

(b) The number of peaks in radial distribution is (k - /) 

(c) Radial probability density (r) = (r) 

(d) Anode is a point in space where the wave function (v )has 
zero amplitude 

6. Select the correct statement(s) among the following: 

(i) Total number of orbitals in a shell with principal quantum 
number *«’ is 

(ii) Total number of subshells in the n th energy level is n 

(iii) The maximum number of electrons in a subshell is given 
by the expression (4/ + 2) 

(iv) m = / + 2, where I and m are azimuthal and magnetic 
quantum numbers 

(a) (i), (iii) and (iv) are correct 

(b) (i), (ii) and (iii) are correct 

(c) (ii), (iii) and (iv) are correct 

(d) (i), (ii) and (iv) are correct 

7. Which among the following are correct about angular 
momentum of electron? 

(a) 2h (b) 1.5- (c) 25 h (d) 0.5- 

71 7t 

8. Which of the following is/are incorrect for Humphrey lines of 
hydrogen spectrum? 

(a) K 2 = 7 —> «! = 2 (b) Kj = 10 —> «i =6 

(c) «2 = 5 —> «! = 1 (d) «2 = 11 ^ = 3 

9. In the Bohr’s model of the atom: 

(a) the radius of n th orbit is proportional to 

(b) the total energy of the electron in the n th orbit is inversely 
proportional to ‘n’ 

(c) the angular momentum of the electron is integral multiple 
Qfhl2% 

(d) the magnitude of potential energy of an electron in an orbit 
is greater than kinetic energy 

ID. Which among the following series is obtained in both 
absorption and emission spectrums? 

(a) Lyman series (b) Balmer series 

(c) Paschen series (d) Brackett series 


11. The maximum kinetic energy of photoelectrons is directly 
proportional to... of the incident radiation. The missing word 
can be: 

(a) intensity (b) wavelength 

(c) wave number (d) frequency 

12. Rutherford’s experiment established that: 

(a) inside the atoni there is a heavy positive centre 

(b) nucleus contains protons and neutrons 

(c) most of the space in an atom is empty 

(d) size of nucleus is very small 

13. Which of the following orbital(s) lie in the jsy-plane? 

(b) (c) (d) 

14. In which of the following sets of orbitals, electrons have equal 
orbital angular momentum? 

(a) If and 2s (b) 2sand2/>(c) 2pand3p(d) 3pand3d 

15. Which of the following orbitals have no spherical nodes? 

(a) If (b) 2s (c) 2p (d) 3/7 

16. For a'shell of principal quantum number n = 4, ^ 

(a) 16 orbitals (b) 4 subshells 

(c) 32 electrons (maximum) (d) 4 electrons with / = 3 

17. The isotopes contain the same number of: 

(a) neutrons (b) protons 

(c) protons + neutrons (d) electrons 

18. Which of the following species has less number of protons 
than the number of neutrons? 

(a) ‘^C (b) ’’F (c) ??Na (d) 

19. The angular part of the wave function depends on the quantum 
numbers are: 

(a) K (b) / . (c) m (d) s" 

20. Which of the following species are expected to have spectrum 
similffl' to hydrogen? 

(a) He+ (b) (c) Li^"- (d) Li+ 

21. Which of the following statements is/are correct regarding a 
hydrogen atom? 

(a) Kinetic energy of the electron is maximum in the first orbit 

(b) Potential energy of the electron is maximum in the first orbit 

(c) Radius of the second orbit is four times the radius of the 
first orbit 

(d) Various energy, levels are equally spaced 



• Single correct option 


1. (c) 

2. (d) 

3. (c) 

4. (b) 

5. (a) 

6. (d) 

7. (d) 

8. (d) 

9. (b) 

10. (c) 

11. (b) 

12. (c) 

13. (a) 

14. (a) . 

15. (b) 

16. (c) 

17. (d) 

18. (b) 

19. (b) 

20. (a) 

21. (c) 

22. (b) 

■ 23, (a) 

24. (b) 

25. (a) 

26. (b) 

27, (b) 

28. (a) 

29. (b) 

30. (c) 

31. (b) 

32. (b) 

33. (b) 

34. (c) 

35. (c) 

36. (d) 

37. (c) 

38. (b) 

39. (c) 

40. (b) 

41. (c) 

42. (a) 







• One or more 

than one correct options 






1. (a,b, d) 

2. (a,c) 

3, (a,c) 

■ 4. (a, b, c) 

5. (a, b, c, d) 

6. (b) 

7, (a,b,d) 

8. (a, c, d) 

9. (a, c, d) 

10. (a) 

11. (c,d) 

12. (a,c,d) 

13, (a, b) 

14, (a, c) 

15. (a, c) 

16. (a, b, c) 

17. (b,d) 

18. (b,c) 

19. (b, c) • 

20. (a, c) 

21. (a, c) 
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Integer Answer TYPE QUESTIONS 


This section contains 10 questions. The answer to each 
of the questions is a single digit integer, ranging from 
0 to 9. If the correct answers to question numbers X, Y, 
Z and W (say) are 6, 0,9 and 2 respectively, then the 
correct darkening of bubbles will look like the figure: 


1. For Li^”^, when an electron falls from a higher orbit to nth 
orbit, all the three types of lines, i.e., Lyman, Balmer and 
Paschen was found in the spectrum. Here, the value of ‘n’ will 
be: 

2. The emission lines of hydrogen contains ten lines. The highest 
orbit in which the electron is expected to be found is : 

[Hint: Number of lines = = lo 

«=5] 

3. Total number of nodes present in 4d orbitals will be : 

4. Spin multiplicity of nitrogen in ground state will be : 

5. Orbital frequency of electron in «th orbit of hydrogen is twice 
that of 2nd orbit. The value of « is : 

6. If kinetic energy of an electron is reduce by (1/9) then how 
many times its de Broglie wavelength will increase. 

7. If electrons in hydrogen sample return from 7th shell to 4th 
shell then how many maximum number of lines can be 
observed in the spectrum of hydrogen. 

8. An electron in Li^"^ ion is in excited state (M 2 ) . The 
wavelength corresponding to a transition to second orbit is 


X Y z w 
® ® ® 
(D ® ® 
@ (2> ® • 
@ ® ® ® 
® ® @ ® 
® © © ® 
• © © © 
0 ® ® ® 
© ® ® ® 
® ® 0 ® 


9. 


48.24 nm. From the same orbit, wavelength corresponding to a 
transition to third orbit is 142.46 nm. The value of M 2 is : 

The energy corresponding to one of the lines in the Paschen 
series for H-atom is 18.16 x 10“^® J. Find the quantum numbers 
for the transition which produce this line. 


[Hint: 


&£ = !. 18x10"'® 


1 



18.16x10'^“ 


= 2.18x10’'® 


_1 

9 



10 . 


On solving, m = 6 ] 

The angular momentum of electron in the shell in which the 

g-subshell first appears is x x —. The value of x will be: 

231 , 


[Hint: / = 4 for g-subshell 

Thus, the subshell will first appear in (n = / + 1 = 5) 5th shell. 

Angular momentum (mur) = n— 

2n 



« = 5] 


L /itfedamd I 

1. (1) 2 , (5) ,3. (3) 4. (4) 5. (1) . 6. (3) 7, (6) 8. (5) 

% (6) 10- (5) 
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1¥pe Qyis^ 



• Passage 1 

The obseived wavelengths in the line spectrum of hydrogen atom 
were first expressed in terms of a series by Johann Jakob Balmer, a 
Swiss teacher. 

Balmer's empirical formula is: 


R, 


2^ 


1 


M = 3,4,5,.. 


X 

R[j = 109678 cm“* is the Rydberg constant. 

Niels Bohr derived this expression theoretically in 1913. The 
formula is generalised to any one electron atom/ion. 

Answer the following questions: 

1. Calculate the longest wavelength in A (1 A = 10”'® m) in the 
Balmer series of singly ionized helium He*. Select the correct 
answCT. Ignore the hucleaf motion in your calculation. 


(a) 2651 A 
(c) 6569 A 

[Hint: ^ 


He+ 


= /?hZ= 


=109678 X 4 


(b) 1641.1 A 
(d) 3249 A 

3^ 

36 


=1641.1 A] 

How many lines in the spectrum will be observed when 
electrons return from 7th shell to 2nd shell? 

(a) 13 (b) 14 (c) 15 (d) 16 

[Hint: Number of lines in the spectrum 

_ («2 - « l )(”2 - ”l + 0 
2 

_ (7 - 2)(7 -2+1) 

2 


:15 


7- 

6 - 

5- 

4- 

3- 

2 - 




iii 


ui: 




15 lines in the spectrum.] 


3. The wavelength of fust line of Balmer spectrum of hydrogen 
will be: 


(a) 4340 A (b) 4101 A 
1 1 


[Hint: 


X “ 


c) 6569 A (d) 4861 A 


for first line « = 3, 
1 


^ = 109678 
X . 


1 1 


X = 6569A] 

In which region of electromagnetic spectrum does the Balmer 
series lie? 

(a) UV (b) Visible 

(c) Infrared (d) Far infrared 


5. Which of the following is not correctly matched? 

(a) H„— 6569 A (Red) (b) Hp — 4861 A (Blue) 

(c) Hj— 4340 A (Orange) (d) Hg — 4101 A (Violet) 

• Passage 2 

A formula analogous to the Rydberg formula applies to the series 
of spectral lines which arise from transitions from higher energy 
level to the lower ener^ level of hydrogen atom. 

A muonic hydrogen atom is like a hydrogen atom in which the 
electron is replaced by a heavier particle, the 'muon The mass of 
the muon is about 207 times the mass of an electron, while the charge 
remains same as that of the electron. Rydberg formula for hydrogen 
atom is: 


2 

X 


■R^ 


J_1^ 

2 2 


{Rff = 109678 cm”') 


r(] 02 

Answer the following questions: 

1. Radius of first Bohr orbit of muonic hydrogen atom is; 

(a) (b) 


• A 


207 207 

(c) 0529 X 207 A (d) 0.259 x 207 A 

2. Energy of first Bohr orbit of muonic hydrogen atom is: 

(b) -13.6x 207 eV 


/ ^ 13.6 ,, 

(a)-eV 

207 


. X 13.6 

(c) +-eV 

207 


(d) +13.6 X 207 eV 


3. Ionization energy of muonic hydrogen atom is: 

. (a)+ —eV (b)+13.6x207 eV 

207 ^ 


(c) 


13.6 

207 


eV 


(d) -13.6 X 207 eV 


4. Angular momentum of ‘muon’ in muonic hydrogen atom may 
be given as: 

(a) - (b) — (c) — (d) — 

n 2n 4n 6 ji 

Distance between first and third Bohr orbits of muonic 
hydrogen atom will be: 

0i529 

(h) 


5. 


(a)^x2A 


(c) 


207 

0529 

207 


X sA 


(d) 


207 

0.529 

207 


■x7A 


A 


• Passages 

Nuclei that have 2, 8, 20,28, 50, 82 and 126 neutrons or protons 
are more abundant and more stable than other nuclei of similar mass. 
It is suggested that in the nuclear structure of the numbers 2,8,20,28, 
50, 82 and 126, which have become known as mbgic numbers, the 
nuclei possessing magic numbers are spherical and have zero 
quadruple moment and hence they are highly stable. Nuclear shells 
are filled when there are 2, 8, 20, 28, 50, 82 and 126 neutrons or 
protons in a nucleus. In even-even nuclei all the neutrons and protons 
are paired and cancel out spin and orbital angular momenta. 
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Answer the foUowiiig questions regarding the stability of 
nucleus: 

1. Which of the following element(s) is/are stable though having 
odd number of neutrons and protons? 

(a) ^Li (b) "b (c) ^He (d) 

2. Stable nuclei haying number of neutrons less than number of 
protons are: 

(a) iH (b) iHe (c) (d) ‘‘C 

3. Doubly magic nucleus is ... . 

(a) '®JPb (b) 2«Pb (c) “*Pb (d) ^^Bi 

4. Which among the following has unstable nucleus? 

(a) (b) ‘^N (c) (d) *8^0 

5. Which of the following has zero spin and angular momentum? 

(a) toCa (b) |h (c) 'IC (d) ”C1 

• Passage 4 

The substances which contain species with unpaired electrons in 
their orbitals behave as paramagnetic substances. Such substances 
are weakly attracted by the magnetic field. The paramagnetism is 
expressed in terms of magnetic moment. The magnetic moment is 
related to the number of unpaired electrons according to the 
following relation: 

Magnetic moment, |i = ^n(n + 2) BM 

where, n = number of unpaired electrons. 

BM stands for Bohr magneton, a unit of magnetic moment. 

1 BM = = 9.27 X Am^ orJT''' 

4nmc 

Answer the following questions; 

1. Which of the following ions has the highest magnetic 
moment? 

(a) .Fe-+ '(b) Mn^"' (c) Cr^+ (d) 

2. Which of the following ions has magnetic moment equal to 
that of Ti^*: 

(a) Cu^^ (b) Ni^-" (c) Co^^ (d) Fe^* 

3. An ion of a ^^-block element has magnetic moment 5.92 BM 
Select the ion among the following: 

(a) (b) Sc^-" (c) Mn^'" (d) Cr^+ 

4. In which of these options do both constituents of the pair have 
the same magnetic moment? 

(a) Zn^^ andCu^ (b) Co-'" and 

(c) Mn'*-" and Co^'" (d) Mg^"" and Sc-" 

5. Which of the following ions are diamagnetic? 

(a) He^-" (b) Sc^-" (c) Mg^-" ‘ (d) O'" 

• Passages 

At the suggestion of Ernest Rutherford, Hans Geiger and Ernest 
Marsden bombarded a thin gold foil by a-particles from a polonium 
source. It ww expected that a-particles would go right through the 
foil with hardly any deflection. Although, most of the alpha particles 
indeed were not deviated by much, a few were scattered through very 
large angles. Some were even scattered in the backward direction. 
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The only way to explain the results, Rutherford found,, was to picture 
an atom , as being composed of a tiny nucleus in which its positive 
charge and nearly all its mass are concentrated. Scattering of 
a-particles is proportional to target thickness and is inversely 

0 

proportional to the fourth power of sin — , where, 6 is scattering 
angle. Distance of closest approach may be calculated as: 

r ' 

47teoA: 

where, K = kinetic energy of a-particles. 

Answer the following questions: 

1. Rutherford’s a-particle scattering experiment led to the 
conclusion that: 

(a) mass and energy are related 

(b) mass .and positive charge of an atom are concentrated in 
the nucleus 

(c) neutrons are present in the nucleus 

(d) atoms are electrically neutral ; ™ ^ 

2. From the a-particle scattering experiment, Rutherford 
concluded that: 

(a) a-particles can approach within a distance of the order of 
10""' m of the nucleus 

(b) the radius of the nucleus is less than 10“”'' m 

(c) scattering follows Coulomb’s law 

(d) the positively charged parts of the atom move with 
extremely high velocities 

3. Rutherford’s scattering formula fails for very small scattering 
angles because; 

(a) the gold foil is very thin 

(b) the kinetic energy of a-particles is very high 

(c) the full nuclear charge of the target atom is partially 
screened by its electron 

(d) there is strong repulsive force between the a-particles and 
nucleus of the target 

4. Alpha particles that come closer to the nuclei: 

(a) are deflected more (b) are deflected less 

(c) make more collision (d) are slowed down more 

5. Which of the following quantities will be zero for alpha 
particles at the point of closest approach to the gold atom, in 
Rutherford’s scattering of alpha particles? 

(a) Acceleration (b) BQnetic energy 

(c) Potential energy (d) Electrical energy 

>- 

• Passage 6 

The splitting of spectral lines by a magnetic field is called the 
Zeeman effect after the Dutch physicist Pieter Zeeman. The Zeeman 
effect is a vivid confirmation of space quantization. Magnetic 
quantum number ‘m' was introduced during the study of Zeeman 
effect ‘m’ can have the (2/+ 1) values (-1,0, +1). Magnetic 
quantum number represents the orientation of atomic orbitals in 
three-dimensional space. The normal Zeeman effect consists, of the 
splitting ofa .spectral line of frequency Vq into three components, i.e., 




V, + - — B 

4%m 


Here, B is magnetic field. 
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Answer the following questions: 

1. Which of the following statements is incorrect with reference 

to the Zeeman effect? ’ 

(a) In a magnetic field, the energy of a particular atomic state 
depends on the values of ‘/w’ and 

(b) Zeeman effect is us^ to calculate the elm ratio for an 
electron 

(c) Individual spectral lines split into separate lines. The 
distance between them is independent of the magnitude of 
the magnetic field 

(d) The Zeeman effect involves splitting of a spectral line of 
frequency Vq into three components 

2. A </-subshelTin an atom in the presence and absence of 
magnetic field is: 

,{a) five-fold degenerate, non-degenerate 

(b) seven-fold degenerate, non-degenerate 

(c) five-fold degenerate, five-fold degenerate 
'(d) non-degenerate, five-fold degenerate 

3. Which among the . following is/are correct about the 
orientation of atomic orbitals in space? 

(a) ^-orbitals has single orientation 

(b) </-subshell orbitals have three orientations along 
X, y and z directions 

(c) /-subshell have seven orientations in their orbitals 

(d) None of the above 

4. Zeeman effect explains splitting of spectral lines in; 

(a) magnetic field (b) electric field 

(c) both (a) and (b) (d) none of these 

In presence of magnetic field, d-suborbit is; 

(a) five-fold degenerate •(b) three-fold degenerate 

(c) seven-fold degenerate (d) non-degenerate 

Passage 7 


Spin angular .momentum of an electron has no analogue in 
classical mechanics. However, it turns out that the treatment of spin 
angular momentum is closely analogous to the treatment of orbital 
angular momentum. 

Spin angular momentum = .,[s{s +\)h 

Orbital angular momentum = .^{l +\) ft 


Total spin of an atom or ion is a multiple of— . Spiri multiplicity is 


a factor to confirm the electronic configuration of an atom of ion. 

, . Spin multiplicity = (2Ls + 1) 

Answer the following questions: 

: T. Total spin ofMn^^ (Z = 25) ion will be: 

3 1 ' 5 7 

(a) - (b) i (c) - (d) - 

^ 2 ■ 2 2 ,2 . 

2. Which of the following electrq'nic configurations have four 
spin multiplicity? 


T 

f. 

t. 


T 


t. 


(b) t t i 


(d) U a U 


3. Which of the following quantum numbers is not derived from 
Schrodinger wave equation? 

(a) Principal _ (b) Azimuthal 

(c) Magnetic (d) Spin 

4. In any subshell, the maximum number of electrons having 
same value of spin quantum number is: 

(a) ^l(l+\) {b)/+2 . {c)2/+l (d)4/+2 

5. The orbital angular momentum for a 2p-electron is: 

(a) S h (b) Ve h (c) zero (d) -Jl — 

2n 

• Passaged 

Dual nature of matter was proposed by de Broglie in 1923, it was 
experimentally verified by Davisson and Germer by diffraction 
experiment. Wave character of matter has significance only for 
microscopic particles, de Broglie wavelength or wavelength of 
matter wave can be calculated using the following relation: 



mv 


where, 'm 'and “v'are the mass and velocity of the particle. 

de Broglie hypothesis suggested that electron, waves were being 
diffracted by the target, much as X-rays are^ diffracted by planes of 
atoms in the crystals. 

Answer the following questions: 

1. Planck’s constant has same dimension as that of: 

(a) work (b) energy 

(c) power (d) angular momentum 

2. Wave nature of electrons is shown by: 

(a) photoelectric effect (b) Compton effect 

(c) diffraction experiment (d) Stark effect 

3. de Broglie equation is obtained by combination of which of 
the following theories? 

(a) Planck’s quantum tlieory 

(b) Einstein’s theory of mass-energy equivalence 

(c) Theory of interference 

(d) Theory of diffraction 

4. Which among the following is not used to calculate the de 
Broglie wavelength? 

(a)X = ^ (b)X = A 

.V . mV 

.(c)X = ^i= ■ (d)Z = ^=i= 

^J2£m ^2qVm 

5. The wavelength of matter waves associated with a body of 
mass 1000 g moving with a velocity of 100 m/sec is: ' 

(a) 6.62 X 10“^’cm (b) 6.62 x 10"^® cm 

(c) 6626 X m (d) 3.31 x 10“^^ m 

6. Am electron microscope is used to probe the atomic 
arrangements to a resolution of 5 A. What should be the electric 
potential to which the electrons need to be accelerated ? 

(VITEEE 2008) 


(a) 2.5 V 
(c) 2.5 kV 


(b) 6V 
(d) 5 kV 
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• Passage 9 

Orbital is the region in an atom where the probability of finding^ 
the electron is maximum. It represents three-dimensional motion of 
an electron around the nucleus. Orbitals do mot specify a definite 
path according to the uncertainty principle. An orbital is described 
with the help of wave function i(;. Whenever an electron is described 
by a wave function,, we say that an electron occupies that orbital. 
Since, many wave functions are possible for an electron, there are 
many atomic orbitals in an atom. Orbitals have different shapes; 
except s-orbitals, all other orbitals have directional character. 
Number of spherical nodes in an orbital is equal to (n - / - 1). 

Orbital angular momentum of an electron is + I) h. 

Answer the following questions: 


1. Which of the following orbitals is not cylindrically 
symmetrical about z-axis? 

(a)3rf^2 {b)Ap^ (c)fo 

2. The nodes present in 5/?-orbital are: 

(a) one planar, five spherical (b) one planar, four spherical 
(c) one planar, three sphericalfd) four spherical 

3. When an atom is placed in a magnetic field, the possible 
number of orientations for pn orbital of azimuthal quantum 
number 3 is: 

(a) three (b) one (c) five (d) seven 

4. Orbital angular momentum of /-electrons is: 


{di)42h Qci)Sh {c)4i2n {d)2h 

Which of the following orbitals has/have two nodal planes? 


(a)rf; 


A7 


(b)rf^,. 


(c)rf 


(d) All of these 


• Passage 10 


The hydrogen-like species Li is in a spherically symmetric state 
S, with one radial node. Upon absorbing light the ion undergoes 
transition to a state S 2 . The state has one radial node and its 
energy is equal to the ground state energy of the hydrogen atom. 

(HT2010) 

Answer the following questions: 

1. The state Si is: 

(a) Is (b) 2s (c) 2p (d) 3s . 

[Hint: 2s is symmetrical having one radial node.] 

2. Energy of the state Sj in units of the hydrogen atom ground 
state energy is: 

(a) 0.75 (b)1.50 (c)2,25 (d)4.50 

9 


[Hint: 


^(2s) 


•X13.6 


-13.6 


= 225 ] 


The orbital angular momentum quantum number of the state 
5^ is: ,. 1 . ' _ 

(a)0 (b) 1 (c)2 <d),3 

[Hint; Orbital angular momentum quantum number of 3p 
subshell, f.e., i - 1 


Transition 


2s 


4S2 ] 



Passage 1. 

(b) 

Passage 2. 

1 . (b) 

Passage 3. 

1 - (a,d) 

Passage 4. 

i- (b) 

Passage 5. 

1 - (b) 

Passage 6. 

(b) 

Passage 7. 

1 - (c) 

Passage 8. 

■ 1. (d) 

Passage 9. 

1 . (d) 

Passage 10. 

1 . (b) 


2. (c) 

3. (c) 

2- (b) 

3. (b) 

2. (a, b) 

3. (O' 

2. (a) 

■3. (c) 

2. (a, b, c) 

3.'(c,.d) 

2. (d) 

3. (a, c) 

2. (a) 

3- (d) 

2. (c) 

3. (a,b) 

2. (c) 

3. (d) 

2. (c) 

3. (b) ■ 


4- (b) 

' 5. (c) 

4. (b) 

5. (c) 

4. (c) 

5. (a) 

4. (a, c) 

5. (b, c,d) 

4. (a) 

5. (b) 

4. (a) 

5. (d) 

4. (c) 

5. (d) 

4- (a) 

5. (c) 

4. (c) 

5. (d) 
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i <@> Self Assessment <§> 

ASSIGNMENT NO. 2 ^ 

SECTION-1 11; Which phenomenon best supports the theory that matter has a 


Straight Objective Type Questions 

This section contains 11 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
' one is correct. 

1. Which one of the following leads to third line of Balmer 
spectrum from red end (For hydrogen atom)? 

(a)2^—>5 (b)5- >2 (c)3->2 (d)4->1 

2. The orbital angular momentum and angular momentum (classical 
analogue) for toe electron of 4s-orbital are respectively, equal to; 

(a) VI 2 — and — (b) zero and — 

. 2jt 2 jc 7t 

(c) 46h and — (d) a/ 2 — and — 

... .It ' 27t -2it 

3. A sample of hydrogen atom is excited to n = 4 state. In the 
spectrum of emitted radiation, the number of lines in the 
ultraviolet and visible regions are respectively: 

(a)3;2 (b)2:3 (c)l:3 (d)3:l 

. 4. Number of de Broglie waves ntiade by a Bohr electron in an 
orbit of maximum magnetic quantum number + 2 is: 

(a)l (b)2 (c)3 (d)4 

5. First line of Lyman series of hydrogen atom occurs at X = jc A. 
The corresfonding line of He^ will occur at: 

(a) 4x (b) 3x (c) x/3 (d) x/4 

6. Electronic transition in He^ ion takes from n 2 to n^ shell such 
that; 

2/12 + 3n] = 18 * . —(0 

2/12 “ 3«j = 6 ■ ...(ii) 

then what will be the total number of photons emitted when 
electrons transit to k, shell? 

(a)21 (b)15 (c)20 (d) 10 

7. Which of the following sets of quantum numbers is not 

possible for an electron ? [PET (Raj.) 2008] 

(a)« = 1, / = 0, ffi; = 0, = - 1/2 

. (b)n.= 2,/=!,«; =0,w, = -l/2 
7 (c) n = 1, / = 1, ffi; = 0, ffij = +1/2 

(d) « = .2, / = 1, wi; = 0, ffij = +1/2 

8. The average life of an excited state of hydrogen atom is of the 

j order of 10”* sec. The number of revolutions made by an' 
^ , electron when it returns from « = 2 to n = 1 is: 

(a) 2.28 X 10® (b) 22.8 x 10® (c) 8.23 x 10® (d) 2.82 x 10® 

,9. ijhe wave number of a particular spectral line in the atomic 
specfrum of a hydrogen like species increases 9/4 times when 
deuterium nucleus is introduced into its nucleus, then which of 
the following will be the initial hydrogen like species? 

(a)Li^+ (b)Li^ (c)He+ (d)Be^+ 

10. Energy of electron in toe first Bohr orbit of H-atom is - 313.6 
kcal mol”'; then the energy in seconi^ Bohr orbit will be: 

(a) + 313.6kcal mor'’ (b)-78.4 kcalmoF' 

(c)-34.84 kcal mol'‘ (d)-12.5 kcal moF* 


wave nature ? ~ (VITEEE 2008) 

(a) Electron momentum (b) Electron diffraction- 
(c) Photon momentum (d) Photon diffraction 

SECTION-II 

Multiple Answers T^rre Objective Questions 

12. Which of the following is/are correct? 

(a) An electron in excited state cannot absorb a photon 

(b) Energy of electroris depends only on the principal 
quantum numbers 

(c) Ener^ of electrons depends only on the principal 
quantum number for hydrogen atom 

(d) Diffeferice iri potential energy of two shells is equal to toe 
difference in kinetic energy of these shells 

13. Which of the following statements is/are correct? 

(a) Energy of 4s, 4p, 4d and 4/ are same for hydrogen 

(b) Angular momentum of electron = M 

(c) For all values of the p-orbitals have the same shape 

(d) -,Orbital angular momentum = nhl2n 

14. Which of the following orbitals are associated with angular 
nodes? 

(a)/ (b)<i (c)p (d)s 

15. The correct statement(s) among the following is/are: 

(a) All rf-orbitals except rf 2 have two angular nodes 

(b) 2 2 lie on the axes 

X — y""- 

(c) The degeneracy of //-orbitals remains unaffected in the. 
presence of external magnetic field 

(d) //-orbitals have 3-fold degeneracy 

'■'.^CTION-Ill '• 

Assertion-Reason I^pe Questions 

This section contains 5 questions. Each question contains 
Statement-l (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correcft. 

^(a) Statement-1 is true; statement-2 is true; stateraent-2 is a 
correct explanation for statement-1. 

(b) Statement-1 is trae; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 

(c) Statement-1 is true; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 

16. Statement-1: Kinetic energy of photoelectrons increases with 
increase in the frequency of incident radiation. 

Because 

Statement-2: The number of photoelectrons ejected increases 
with increase in intensity of incident radiation. 

17. Statement-1: Photoelectric effect is easily pronounced by 
caesium metal. 

Because 

Statement-2: Photoelectric effect is easily pronounced by the 
metals having high ionization energy. 
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18. Statement-1: Electrons in K-shell revolve in circular orbit. 

Because 

Statement-2: Principal quantum number is equal to 1 for 
the electrons in K-shell. 

19. Statement-1: Orbit and orbital are synonymous. 

Because 

Statement-2; Orbit is the path around the nucleus in which 
electron revolves. 

20. Statement-1: Cj = is the electronic 

configuration in first excited state. 

Because 

Statement-2: Maximum energy by an electron is possessed in 
its ground state. 

SECTION-IV 

Matrix-Matching T^pe Questions 

This section contaiiis 3 questions. Each question contains 
statements given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples; 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then the correctly bubbled 4x4 matrix should be as follows: 
P q r s 


22 . 



© 

© 

O 

© 



© 



© 

0 

© 

© 

0 

O 


21 . 


Match the Column-I with Column-II: 

Column-H 

(p) Circular orbit around nucleus 

(q) Non-direction orbitals 

(r) Angular momentum = — 

It 

(s) Number of radial node = 0 
Match the properties of Column-I with the . formulae in 
Column-If; 

Column-I 



Column-l 

(a) 

4s 

(b) 

4p 

(c) 

Is 

(d) 

3d 


(a) Angular momentum of electron 

(b) Orbital angular momentum 


Column-II 

Jl 

2n 


ip)yjKl+\) 


23. 


(c) Wavelength of matter wave 

(d) Quantised value(s) 

Match the Colunui-I with Column-II: 


(r) 


nh 


2 % 
(s) hip 



Column-I 


Column-II 

(a) 

Elafctrons caimot exist 
in the nucleus 

(P) 

de Broglie wave 

(b) 

-.Microscopic particles 
in motion are 
associated with 

(q) 

Electromagnetic 

wave 

(c) 

No medium is required 
for propagation 

(r) 

Uncertainty print 

(d) 

Concept of orbit was 
replaced by orbital 

(s) 

Transverse wave 


SECTION-V 

Linked Comprehension Type Questions 

A chemist was performing an experiment to study the effect of 
varying voltage on the velocity and de Broglie wavelength of the 
electrons. In first experiment, the electron was accelerated 
through a potential difference of 1 kV and in second experiment, 
it was accelerated through a potential difference of 2 kV. 

The wavelength of de Broglie waves associated with electron 
is given by: 

•, h 


^2qVm 

the voltage through which an electron is 


(q)/© 


where, V is 
accelerated. 

Putting the values of k,m and q we get: 

4V ■■ 

Answer the following questions: 

24. The wavelength of electron will be: 

(a) 1.4 times in first case than in second case 

(b) 1.4 times in second case than in first case 

(c) double in second case than in first case 

(d) double in first case than in second case 
In order to get half velocity of electrons in second case, the 
applied potential will be: 

(a) 0.25 kV (b) 2 kV (c) 0.5 kV (d) 0.75 kV 
The velocity of electron will be: 

(a) same in both cases 

(b) 1.4 times in second experiment than in first experiment 

(c) double in second experiment than in first experiment 
■(d) four times in the second case than in first case 


25. 


26. 


n 


1. (b) 2. (b) 

9, (d) 10. (b) 

17. (c): 18. (b) 

22. {a-q,r) (b-p) (c-s) {d-q,r) 


3. (a) ■ 4. (c) 

11. (b) 12. {a,c, d) 

19. (d) 20. (c) 

23. (a-r) (b-p) (c-q,s) (d-r) 


5. (d) ■ 6. (d) , 7. (c) 

13. (a, b, c) 14. (a, b, c) '"15. (a, b, c) 

2i; (a-p, q,r) (b-r) (c-p,q) (d-s) 

24. (a) 25. (a) 26. (b) 


8. (c) 

16. (b) 






3.1 RADIOACTIVITY 

Radioactivity is a process in which nuclei of certain elements 
undergo spontaneous disintegration without excitation by 
any external means. 

All heavy elements from bismuth through uranium and a few 
of lighter elements have naturally occurring isotopes which 
possess the property of radioactivity. These isotopes have 
imstable nuclei and attain stability through the phenomenon of 
radioactivity. The activity results in the emission of a complex 
type of powerful radiations known as alpha, beta and gamma 
rays. All those substances which have the tendency to emit 
these radiations are termed radioactive materials. The 
property of disintegration of a radioactive material is independent 
of temperature, pressure and other external conditions. 
Radioactivity is a nuclear phenomenon, i.e., the kind of 
intensity of the radiation emitted by any radioactive substance is 
at«olutely the same whether the element is present as such or in 
any one of its compounds. ^gRa isotope is radioactive. When 
this isotope is dissolved in sulphuric acid, it is converted into 
radium sulphate (RaSO^). The property of radioactivity in radium 
sulphate and free radium isotope is the same, no doubt that the 
radium ion in radium sulphate has different number of electrons 
than free neutral radium isotope. 

Radium atom (Ra) Radium ion (Ra ) 


No. of protons 

88 

, 88 

No. of electrons 

88 

86 

Atomic mass 

. 226 

226 


This example clearly shows that the phenomenon of 
radioactivity does not depend on the orbital electrons but depends 
only on the composition of nucleus. 

In the universe, there are only 81 stable elements having one 
or more non-radioactive isotopes. No stable isotope exists for the 
elements above "e®'- Thus, bismuth is the heaviest stable 
nuclide. Two earlier elements technetium and promethium exist 
only as radioactive isotopes (see table at the bottom). 

3.2 CHARACTERISTICS OF RADIOACTIVE 
RADIATIONS 

The following are the main characteristics of radiations emitted 
by radioactive materials; , 

(i) Photographic effect: Radiations affect the 
photographic plate in a similar manner to that of light. The effect 
is even observed in dark. The portions of the photographic plate 
where radiations fall, become blackened after treatment with a 
developer. 

T his property is used for the detection of radioactivity. 

(il) Scintillations: When radiations fall on the zinc 
sulphide (ZnS) screen, flashes of light are produced. This is 
known as scintillations. The number of particles emitted in unit 
time can be counted by noting the scintillations produced in the 
apparatus having a zinc sulphide screen. 

The apparatus is called spinthariscope. 

(iii) Emission of heat: Radioactive materials continuously 
emit energy in the form of kinetic energy. Heat energy is 
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produced when the radiation particles collide with matter. 
Radium produces 134.7 cals of heat per gram per hour. 

(iv) Physiological effect; Radioactive radiations have 
serious physiological effects, which may be cumulative over a 
period of time. Even a short exposure to intense source of 
radiations is sufficient to cause painful inflammation. Gamma 
rays are most effective. In general, abnormal cells are more 
affected than the healthy cells. On account of this property 
radiations are used to destroy cancerous tumours. 

(v) Ionisation of gases: This is the most important effect 
observed in the case of radioactive radiations. Radiations 
produce ionisation in the gases through which they are passed. 
This effect is used for quantitative measurement of 
radioactivity. The radiations cause a number of molecules of the 
gas to lose electrons\nd pass into positive ions. The electrons 
immediately become attached to the neutral molecules, thus 
making them negative ions. The total ions of one sign are equal 
to the total ions of the other type. The rate of production of 
these ions is proportional to the intensity of radiation. The 
extent, to which a definite quantity of a gas is rendered a 
conductor by a radioactive substance, is a measure of the 
radioactive power of a radioactive substance. The appa:ratus used 
for this purpose is called electroscope (Fig. 3.1). 

Geiger-Muller counter is based on this effect. The ionisation 
chamber consists of 90% argon and 10% ethyl alcohol vapour at 
10 mm pressure. Due to ionisation, a flow of current occurs, 
which is measured after amplification. 

3.3 HISTORY OF THE DISCOVERY OF 
RADIOACTIVITY 

In 1895, Henri Becquerel was studying the effect of sunlight on 
various phosphorescent minerals, among them a uranium ore. 
During a period of several cloudy days, he left the uranium 
sample in a drawer along with some photographic paper wrapped 
in black paper. Much to his surprise, he discovered that the 
photographic paper had been fogged by exposure to some 
invisible radiation Trom uranium. He called this mysterious 
property of the ore ‘radioactivity’. Radioactivity means 
ray-emitting activity. He further observed that the radioactive 
mineral emitted these mysterious radiations day after day and 
month after month and the emission seemed to be endless. The 
emission was completely unaffected by physical and chemical 
conditions. A year later, in 1896, Marie Curie found that besides 
uranium and its compounds, thorium was another element which 
possessed the property of radioactivity. In 1898, Marie Curie 
and her husband P. Curie observed that the uranium ore 
"pitchblende’, contained more activity than was expected from 
the uranium which it contained. It must be obviously due to the 
presence of some other radioactive elements which were far more 
radioactive than uranium. Finally, they isolated two new 
radioactive elements polonium and radium. 

Almost in the same period, G. C. Schmidt reported that 
thorium compounds possessed radioactivity. In 1901, A, 
Debleme and F.S. Giesel discovered another hew radioactive 
element actinium in uranium minerals. Further systematic 
researches led to the discovery of many more radioactive 


elements. At present over forty such materials are known to exist 
in nature. 



Electroscope 

box 


Ionisation 

chamber 

Radioactive 

material 


Fig. 3.1 Electroscope for measurement of radioactivity 

3.4 ANALYSIS OF RADIOACTIVE 
RADIATIONS 

In 1904, Rutherford and his co-workers observed that when 
radioactive radiations were subjected to a magnetic field or a 
strong electric field, these were split into three types, as shown in 
Fig. 3.2. The rays which are attracted towards the negative plate 
are positively charged and are called alpha (a) rays. The rays 
which are deflected towards the positive plate are negatively 
charged and are called beta (p) rays. The third type of rays which 
are not deflected on any side but move straight are known as 
gamma (y) rays. The important properties of these radiations are 
tabulated on next page: 


y-rays y^rays 



Fig. 3.2 (a) Deflection of radioactive rays in electric field 
and (b) Emission of radioactive rays and their 
deflection in a magnetic field. 
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Property 


a-rays 


1. Nature 


These consist of| 
small positively 
charged particles 
which are merely 
nuclei of helium 
atoms, each con¬ 
sisting of 2 pro¬ 
tons and * 2 
neutrons. These 
are represented as 
jHe 


2. Velocity 


The a-rays are 
ejected with high 
velocities ranging 
from L4 X10® to 
L7 X10® cm/sec. 
The velocity of 
a-rays depends 
upon the kind of 
nucleus ftom 
which they are 
emitted. 


P^rays 


Y-rays 


These consist of 
negatively char¬ 
ged particles 
which have the 
same e/ m value 
as the cathode 
rays, fl-rays are 
merely elect¬ 
rons. The p-rays 
are represented 
as _iPof - 1 ®' 

The p-rays are 
much faster than 
a-rays. They 
have generally 
different veloci¬ 
ties sometimes 
' approaching the 
I velocity of IfghL 


Y-rays are smu- 
lar to X-rays. 
These are neu¬ 
tral in nature. 
They have very 
small wave¬ 
lengths of the 
order of 10~*® to 
1,0“‘^ m. . 


They travel with 
the velocity of 
light. 


Property 

ot-rays 

P-rays 

y-rays 

5. Photographic 
effect 

a-particles affect 
the photographic 
plate. 

P-rays effect on 
a photographic 
plate is greater 
than a-particles. 
Like cathode 
rays, 3-rays pro¬ 
duce X-rays. 

y-rays have little 
effect on photo¬ 
graphic plate. 

6. Effect on 
zinc sulphide 
screen 

a-particles 

produce 

luminosity on, ZnS 
scr«n due to high 
kineticsaergy. 

P-particles have 
little effect on 
ZnS screen due 
to low kinetic 
energy. 

Y-rays havte very 
little effect on 
ZnS screen. 


Note: ^ 

(i) The quantum energy of y-rays emitted by a radioactive substance 

can have unique and discrete values. 

(ii) The energy of (X-particles emitted by a radioactive substance 

(a-emitter) has unique value. „ . _ 

(iii) The energy of P-particles emitted by a radioactive substance, 
(P-emitter) can have any value between zero and end point 
energy. 

3.5 CAUSE OF RADIOACTIVITY 


3. Penetrating 
power 


a-particles have 
small penetrating 
power -due to 
relatively larger 
size. They are. 
stopped by a 
piece of alu¬ 
minium foil of 
6.1 mm thick¬ 
ness. , , 


P-rays are more 
penetrating 
than a-particles. 
This is due to 
small size and 
high velocity. 
These are stop¬ 
ped by a 1 cm 
thick sheet of 
aluminium. 


Due to high ve¬ 
locity and 
non-material 
character, y-rays 
are lO’® times 
more,- penetrat¬ 
ing than a-rays.. 


Cardboard Aluminium Lead 



Fig. 3.2 (c) Comparison of penetrating power 
of a, p and Y-rays 


4. Ionising 

a-particles pro- 

Due to low 

Y-rays produce 

power 

duce intense ion¬ 
isation in gases. 
Ionising power is 
100 times greater 
than P-rays and 
10,000 times 
greater than 
y-rays. This is 
due to high 
kinetic energy. 

value of kinetic 
energy ionising 
power is less 
than a-particles 
but 100 times 
greater than 

Y-rays. 

minimum ion¬ 
isation or no 
ionisation. 


Except in the case of ordinary hydrogen, all other nuclei contain 
both neutrons and protons. A look at the stable nuclei shows that 
the ratio nl p (neutrons/protons) in them is either equal to 1 or 
more than 1. The ratio is = 1 in all the light-stable nuclei up to 
calcium ( 2 oCa) and thereafter the ratio is greater than 1 arid 
increases up to 1.6 for heavy stable nuclei as shown in the 
following table: 


Neutron-proton ratio in some stable nuclei 


Isotope 

1c 


I0 

l»Ne 

40 p 

N 

a 

9O7 

’“Sn 

«Nd 

^Hg 

n 

6 

7. 

8 

10 

20 

34 

50 

70 

90 

122 

p 

6 

7 

8 

10 

20 

30 

40 

50 

60 

80 

n/p 

1 

1 

1 

1 

1 

1.13 

1.25 

1.40 

1.50 

1.53 


The variation of n versus p for some nuclei is shown in 
Fig. 3.3. 

The stable nuclei lie within the shaded area which is called the 
region or zone of stability. All the nuclei falling outside this 
zone are invariably radioactive and unstable in nature. Nuclei 
that fall above the stability zone have an excess of neutrons 
while those lying below have more protons. Both of these cause 
instability. These nuclei attain stability by making adjustment in 
the n/-p ratio. 

Two cases thus arise: 

(i) nip ratio is higher than required for stability. Such 
nuclei have a tendency to emit P-rays, i. e. , transforming a neutron 
into proton. 

0 n ——^ (P-particle) 

Thus, in P-emi$sion n/p ratio decreases. For example, in tlie 
diange of ’ jC to * 7N, n! p ratio decreases from 1.33 to 1. 
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14 

6 


c-> 


14 


N + 


0 

-1 


e 


Similarly, in the following examples, the n!p ratio decreases 
during P-emission: > 


n/p ratio 


nl p ratio 


32 p 
15 '^ 

17/15 

36 Kr - 

'51/36 


32 < 
16 ‘ 




16/16 

I’Rb 

50/37 





Fig. 3.3 Vacation of number of neutrons rVith number of 
protons in stable non-ra‘dioactive .nuclei 

(ii) n/p ratio is lower than required for stability. Such 

nuclei can increase ntp ratio by adopting any one of the 
following three ways; 

(a) By emission of an alpha particle (Natural 
radioactivity): 

-> ^loTh +^He (a-particle) 

«/pratio 146/92 = 1.58 144/90= 1.60 

(b) By emission of a positron (Artificial emission): 


«/p ratio ' 6/7 7/6 

(c) By Jf-electron capture: 

‘79Au+_°e -> *7gPt 

«/p ratio 115/79 116/78 

Alpha emission is usually observed in natural radioactive 
isotopes while emission of positron or ^T-electron capture is 
observed in artificial radioactive isotopes. The unstable nuclei 
continue to emit alpha or beta particles until a stable nucleus 
comes into existence. 

Conclusion; (i) For the elements (mass number A < 40), 
nature prefers the number of protons and neutrons in the nucleus 
to be same or perhaps one more neutron than protons. 


E.g., ^Li,'^C,‘to, “S, etc. 

(ii) For the elements (mass number A > 40), there is 
preference for the number of neutrons to be greater than the 
number of protons {n>Z\ e.g., ‘jB is stable but "C is not. 

There are two stable elements | H and I He, in which number of 
neutrons is less than that of protons. 

(iii) Beyond Bi (Z= 83^ all isotopes are unstable and 

radioactive. elements do not have a strong nuclear 

“superglue” to iold nucleons together. 


Illustration : 


Nuclide 

^ Ratio 

P 

Nature of Emission 

“s 

1 £ = 1.2 

16 

p-emission 

Ms— 4 “Cl+^?e 

' 9 F 

■ 

Kp. ) 

1 

Positron emission ’ . 

‘IfAg 

"=^ = 1.23 
p 47 

Lies below stability belt, it has a heavy ■ 
nucleus and it decays by K-electron 
capture. 

238 TT 

92 U 

n 146 , 

— =-= L59 

p 92 

It is a neutron rich species. It undergoes 
decay by a-emission. ' 


Some other examples : ® Cu (positron emission), ‘ 54 X 0 (a 
or P-decay), (a-decay), P (p-decay), ‘fj I (K-electron 

capture). 


3.6 THEORY OF RADIOACTIVE 
DISINTEGRATION 

Rutherford and Soddy, in 1903, postulated that radioactivity is a 
nuclear phenomenon and all the radioactive changes are taking 
place in the nucleus of the atom. They presented an interpretation 
'N)f the radioactive processes and the origin of radiations in the 
form of a theory known as theory of radioactive disintegration, 
the rrtain points of the theory are: • • • 

(i) The atomic nuclei of the radioactive elements are unstable 
and liable to disintegrate any moment. 

(ii) The disintegration is spontaneous, i.e., constantly 
breaking. The rate of breaking is not affected by external factors 
like temperature, pressure, chemical combination, etc. 

(iii) During disintegration, atoms of new elements called 
daughter elements having different physical and chemical 
properties than the parent element come into existence. 

(iv) During disintegration, either alpha or beta particles are 
emitted fi’om the nucleus. 

The disintegration process may proceed in one of the 
following two ways: 

(a) a-particle emission: When an a-particle [2 He] is 
emitted from the nucleus of an atom of the parent element, the 
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nucleus of the new element, called daughter element, possesses 
atomic mass or atomic mass number less by four units and 
nuclear charge or atomic number less by 2 units because 
a-particle has nnass of 4 units and nuclear charge of two units. 

The daughter element after a-emission is called an 
Isodiaphere of parent element. 

Parent element —^ Daughter element 
Atomic mass W W-4 

Atomic number ^ Z-2 


For example, in the following transformations, each a-particle 
• emission is accompanied by decrease of atomic mass by 4 and of 
atomic number by 2. 


88 

(Radium) 

238ti 

(Uranium) 

83 

(Bismuth) 

84 

(Polonium) 


222 R„ 

86 ^ 
(Radon) 

234 rpi 
90 la 
j(Thorium) 

209 rjpi 
81. 

(Thallium) 
211 


+ vHe.' 


+ tHe 


,4- ^He 


82 Pb 

(Lead) 


+ ;He 


(b) P-partkIe emission: P-particle is merely an electron 
which has negligible mass. Whenever a beta particle is emitted 
from the nucleus of a radioactive atom, the nucleus of the hew 
element formed possesses the same atomic mass but nuclear 
charge or atomic number is increased by 1 unit over the parent 
element. Beta particle emission is due to the result of decay of 
neutron into proton and electron. 

on ->jp+-,e 

The electron produced escapes as a beta particle leaving 
proton in the nucleus. 

-P 

Parent element- > Daughter element 

Atomic mass IT tF 

Atomic number Z Z + I 

For example, in the following transformations, beta particle 
emission results in increase of atomic number by one without any 

change in atomic mass, i. e. , daughter element is an isobar of 
parent element. (See table 3.1) 


Table 3.1 Isotopes, Isobars, Isotones, Isomers, Isotars 
mid Isodiapheres 



Ouracterisiics ' 

Z = »tmh,A 

jV = neotroBS, P = protMis 

Examples 

Isotopes 

Z = same, A = different 

Itt 2tt Swt 235tt 238tt 

jM, jli, jM, 92 U, 92 U 

Isobars - 

Z = different, A = same 

228 Oo 228*^ 228x, 

ggRa, g 9 Ac, 9 QTh 

Isotones 

N = same, nucleons = 
different, Z = different 


Isomers 

N = same, F = same, 

Z = same, A = same 

Nuclear energy levels = 
different . 

U-X 2 , u-z 


Isoters 

No. of atoms = same, 

CO 2 , N,0 


No. of electrons = same, 



physical properties = same. 


Isodiapheres 

Isotopic excess mass (N — P) 

. = same. 

tt 235 'T*h23i 

92^ j 90*^ 


214 DU s 214 d; 

g 2 Pb ) gj Bi + _| e 

(Lead) (Bismuth) 


234 TU , 234 D„ , 

90 Th -4 9 , Pa + _^e 

(Thorium) (Proioactinium) 

213 r>; V 213 r»„ , 0 „ 

83 ^ g 4 Ho + _, e 

(Bismuth) (Polonium) 


Special case: If in a radioactive transformation, 1 alpha and 
2 beta particles are emitted, the resulting nucleus possesses the 
same atomic number but atomic mass is less by 4 units. A 
radioactive transformation of this type always produces an 
isotope of the parent element. ^ . _ 


IT 

z 


A 



w-4 

Z-2 


B 



r-4^ 

z-i*- 



W-4 

z 


D 


A and D are isotopes. 

(v) Gamma rays are emitted due to secondary effects. After 
the emission of an alpha particle or a beta particle, the nucleus is 
left behind in excited state due to recoil. TTie excess of energy is 
released in the form of gamma rays. Thus, y-rays arise from 
energy rearrangements in the nucleus. As y-rays are short 
wavelength electromagnetic radiations with no charge and no 
mass, their emission from a radioactive clement does not 
produce a new element. 

On passing through an absorbing material, the intensity of 
y-radiation decreases exponentially with the thickness traversed 
and is given by ; 

I=he^ 

where p. = Absorption coefficient, 
x = Thickness 
lo = Initial intensity 
/ = Transmitted intensity 

All radioactive nuclei have the same probability of 
disintegration. However, a radioactive nucleus may undergo 
decay next moment while some other may have to wait for 
bijlions of years to decay one cannot predict, when a particular 
atom will decay. 

(vi) Internal conversion: An excited nucleus, in some 
cases, may return to its ground state by giving up its excitation 
energy to one of the orbital electrons around it. The emitted 
electron has a kinetic energy equal to the lost nuclear excitation 
energy minus the binding energy of the electron in the atom. 

Kinetic energy of the ejected electron 

= Available excitation energy 

- Binding energy of the ejected electron 

This process is called internal conversion and emitted electron 
is called conversion electron. 

(vil) Brems strahlung (German word meaning ‘Breaking 
Radiation’): Continuous y-radiations emitted when |3-particles 
are slowed down by interaction with atomic nucleus. 




Radioactivity And Nuclear Transformation 


1SS 


Note: Counting of the number of a and P-particles in a radioactive 
transformation: 

Parent element-> Daughter element 


, Change in mass number 
Number of a-particles =----. 

4 

Let ‘x’ a and ‘‘y’ ji-particles be emitted. 

Atomic number of parent element ~2x+ y 

= Atomic number of daughter element 

y = Z2 


3.7 GROUP DISPLACEMENT LAW 


This law was presented by Fajan, Soddy and Russel in 1913 to 
explain the changes which occur when an alpha particle or a beta 
particle is emitted from a radioactive element. According to this 
law, “when an a-particle is emitted, the daughter element has 
atomic number 2 units less than that of the parent element. It 
is consequently displaced two places (groups) to the left in the 
periodic table. When a |3-particle is emitted, the daughter 
element has an atomic number 1 unit higher than that of the 
parent element. It is consequently displaced one place (group) 
to the right in the periodic table.” 


Examples 

(i) Polonium (^’^Po) belongs to group 16 (VIA) of the 
periodic table. On losing an alpha particle, it is transformed into 
lead ("gj Pb) which belongs to group 14 (IVA), i- e. , two places to 
the left of the parent element, polonium. 

_^ 210 pu 

14 

(IVA) 


84 ™ 
16 

(VIA) 


(ii) Bismuth Bi)belongs to group 15 (VA) of the periodic 
table. It emits an alpha particle resulting in the; formation of 
thallium which belongs to group 13 (IIIA), i. e., two places to the 
left of the parent element, bismuth. 

213r>: v 209m 

gjBl -> g, 11 

15 13 

(VA) (III A) 


(iii) Carbon (' 5 C) belongs to group 14 (IV A) and emits a 
P-particle forming nitrogen (' 7 N) which belongs to group 15 
(V A), i. e., one place to the right of the parent element. 

'2C '^N +_V 

(IVA) ' (VA) 

(iv) Phosphorus (f|P) belongs to group 15 (VA) and emits a 
P-particle forming sulphur S) which belongs to group 16 
(VIA), i. e., one place right to the parent element. 

32 p _. 32 q + 0 p 

15 T ? 16 O + -1® 

(VA) (VIA) 


The above examples follow group,displacement law rigidly in 
accordance with the statement. However, there are a number of 
examples where confusion arises regarding the position of the 
element in the periodic table if the above statement is followed 
rigidly. 

f^Mg is P-radioactive. It belongs to group 2 (IIA) of the 
periodic table. On losing a beta particle, it is transformed to 
aluminium (fjAl) which belongs to group 13 (IIIA), 
places right to the parent element 

f|Mg - >T,A]+_^^e 

■ "^oTh is a member of actinide series. All the fourteen 

members of the actinide series have been placed along with 
actinium in the III B group, i.e., group 3. It emits a beta particle 
and is transformed to protactinium (^1*^ Pa) which also belongs to 

actinide series, i. e., group 3 of the periodic table. _ 

234x1, ■ , 234p., . 

90 Ih -> 91 Pa + _^e 

Hence, group displacement law should be applied with great 
care especially in the case of elements of lanthanide series (57 to 
71), actinide series (89 to 103), VIII poup (26 to 28; 44 to 46; 76 
to 78), lA and IIA groups. It is always beneficial to keep in mind 
the setup and skeleton of the extended form of periodic table. 


lA 

IIA 

IIIB 

IVB 

VB 

VIB 

VIIB 

VIII 

1 

2 

3 

4 

5- 

6 

7 

8 

9 

10 


IB 

IIB 

IIIA 

IVA 

VA 

VIA 

VIIA 

Zero 

11 

12 

13 

14 

15 

16 

17' 

18 


:: l Solved ExamplesMSH *:: 

Example 1. Calculate the number of neutrons in the 
remaining atom after emission of an alpha particle from ^ 

atom. 

Solution: On account of emission of an alpha particle, the 
atomic mass is decreased by 4 units and atomic number by 2 
units. 

So, • Atomic mass of daughter element = 234 
Atomic number .of daughter element = 90 
Number of neutrons = atomic mass -.atomic number 
= 234-90=144 

Example!. Radioactive disintegration of takes 

place in the following manner into RaC, 

-a -a -a -P 

Ra - > Rn - > RoA - > RaB - > RaC 

Determine mass number and atomic number of RaC. 

Solution: Parent element is ^||Ra. 

Atomic mass = 226 
Atomic number = 88 

RaC is formed after the emission of 3 alpha particles. Mass of 
3 alpha particles = 3x4 = 12 

So, Atomic mass of RaC = (226 - 12) = 214 
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With emission of one oc-particle, atomic number is decreased 
by 2 and with the emission of one P-particle, atomic number is 
increased by 1 . 

So, Atomic number of RaC = 88 - (3 x 2) + 1 = 83 

Example 3. A radioactive element A disintegrates in the 
following manner, 


which ones of the elements A, B, C and D are isotopes and 
which ones are isobars? 

Solution: Let the mass number and atomic number of 

element AheM and Z, respectively. The following changes shall 

occur during disintegration: 

-a “p 

M 4 „ M~~4 T> • x M—4^ . ^ M-4 r\ 

. ^ Z-2-® -^ ^ 

A and D are isotopes as both have same value of Z. 

B, C and D are isobars as these have same values of atomic 
mass. 

Example 4. Th disintegrates to give as the final 

product. How many alpha and beta particles are emitted in this 
process? 

Solution: ^^ “aPb 

Parent End product 

Decrease in mass = (234 - 206) = 28 
Mass of a-particle = 4 

28 

So, Number of a-particles emitted = — =7 

No. of P-particles emitted = 2 x No. of a-particles-(At. No. 

of parent - At. No. of end product) 
= 2x7-(90-82)= 6 

Example 5. The atomic mass of thorium is 232 and its 
atomic number is 90. During the course of its radioactive 
disintegration 6a and Afr-particles are emitted. What is the 
atomic mass and atomic number of the final atom? 

Solution: Decrease in mass due to emission of 6 a-particles 
= 6x4 = 24. 

So, Atomic mass of the product atom = (232 - 24) = 208 

No. of ^particles emitted = 2 x No. of a-particles 

~ (-^Thorium ^Final atom ) 

4 = 2x6- (90 - Zpi^l ) 

or -^Fiml-atom “■ 

Example 6 . An atom has atomic mass^ 232 and atomic 
number 90. During the course of disintegration, it emits 
2 ^particles and few a-particles. The resultant atom has atomic 
mass 212 and atomic number 82 . How many a-particles are 
emitted during this process? 


Solution: 


The decrease imatomic mass 

■' -c-v 


=(232-212)= 20 

Decrease in mass occurs due to emission of a-particles. Let x 
be the number of alpha particles emitted. 

Mass of‘z’a-particles = 4x 


So, 4z = 20 

20 ^ 

or x= — = 5 

4 

Alternative method: This can also be determined by the 
application of the following equation: 

No. of P-particles emitted = 2 x No. of a-particles emitted 

~ ('^Parent '^End product ) 

2=2xr-(90-82) • 


Example 7. How many moles of helium are produced 

'yfiA 

when one mole of ^ 2 ^disintegrates into 
Solution: Radioactive change is 


Decrease in mass = (238 - 206) = 32 

Let the number of a-particles emitted be x 
4z = 32 
r = 8 

Thus, 8 moles of helium are produced when one mole of 
diMntegrates into ^||Pb. 

Examples. How many ‘a’ and ‘^'-particles will be 
emitted when ^^Th^^ changes into 


Solution: The change is; 

'TU 234 


End product 


Decrease in mass = (234 - 218) = 16 amu 
Mass of 1 a-particle = 4 amu 

Therefore, number of a-particles emitted = ^ = 4. 

Number of P-particles emitted 

= 2 X No. of a-particles emitted - (At. No. of parent - At. 

No. of end product) 

= 2x4-(90-84) = ( 8 - 6 ) = 2 
Hence, number of a-particles emitted = 4 
and number of P-particles emitted = 2 
Example 9. is a natural an a-emitter After 

a-emission, the residual nucleusUin turns emits a ^particle 
to produce another nucleus U x^^ ■ Pina out the atomic number and 
mass number ofUx^ and Ux^ ■ Also if uranium belongs to Illrd 
group to which groupUx^ andUx^ belong. 


Solution: 


^l*U-^He- 




Both I and will belong to Illrd group because both lie 
in actinide series. 


1. During the transformation of “X to jY, the number of 
P-particles emitted are: [PET (Kerala) 2006,08] 
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2 . 


(a) 


a - b 


, 1 N , a~ h 

(b) d H—-— + c 


(d) 2c - d + a - b 


a - b 


ic)d + 

[Alls, (c)] 

[Hint: No. of a-particles - 


Zj - 2a + p = Z, 

P — Z 2 Z[ 4* 2a 

(a-b) 


= d- c + 1- 


, (a-b) 

■ d 4-—- c] 


A radioactive nuclide emits y-rays due to; 


(a) K -electron capture 

(b) nuclear transition from higher to lower energy state 

(c) presence of greater number of neutrons than protons 

(d) presence of greater number of protons than neutrons 
[Ans. (b)] 

[Hint; After a, P-emission, nucleus goes to excited state; 
when it returns to normal state, emission of y-radiations takes 
■place.] 


3. In which of the following transformations, the P-particles are 
emitted? 

(a) Proton to neutron (b) Neutron to proton 

(c) Proton to proton (d) Neutron to neutron 

[Ans. (b)] 

[Hint: o«-> jH + _fg+ antineutrino] 

4. In the radioactive decay: 

A\r , Av s /4-4'7 ^ 

2 + ] ^ 2 - 1 ^ Z - 

the sequence of emission is: 

(a)a,P,y (b) P,a,y (c) y,a,p (d) p,y,a 

[Ans. (b)] 

[Hint: ^He^ ^itZ; 

A~4y 

Z-^ Z-j 


5 . Which of the following elements is an isodiaphere of ^93 U? 

ta) ™Bi (b) (c) ''iTh (d) ^\\Pe 

[Ans. (c)] 

[ Hint: Isodiapheres are formed by a-emission. 

-»^9oTh (Isodiaphere)] 

6 . A certain radioactive material 2 ^ starts emitting a and p 
particles successively such that the end product is ^ | Z. The 

number of a and p particles emitted are ; (VITEEE 2008) 
(a) 4 and 3 respectively (b) 2 and 1 respectively 

(c) 3 and 4 respectively (d) 3 and 8 respectively 

[Ans. (b)] 

[Hint: jX -> il^Y 

, Change in mass number 8 , 

Number of a-particles =-^- - —-—— = = 2 

Z - 2 X Number of a-paiticles + Number ofp-particles = Z - 3 


Z - 2 X 2 + Number of p-particles = Z - 3 
Number of p- particles = 1 ] 

3.8 RADIOACTIVE DISINTEGRATION SERIES 

Elements beyond bismuth are all radioactive in nature. Most of 
them have several radioactive isotopes. These radioactive 
elements disintegrate to give new elements which again 
disintegrate to form other elements and so on. The process 
continues till a non-radioactive end product is reached. 

‘‘The whole chain of such elements starting from the parent 
element (radioactive) to the end element (non-radioactive) is 
called a radioactive series or a family 

All the naturally occurring radioactive elements above atomic 
number 82 belong to one of the three radioactive series. These are 
known as; 

(i) Thorium series ■ (ii) Uranium series 

(iii) Actinium series - 

Uranium and thorium series have been named on the basis of 
long lived isotopes of U and Th. The parent element of 
actinium series is " U but originally it was thought to be an 
isotope of actinium, Ac. The three series are also referred to 4n 
(thorium), 4« + 2 (uranium) and An + 3 (actinium) series as when 
thte mass numbers of various members belonging to these series 
when divided by four, either there is no remainder (as in thorium 
series) or the remainder is 2 (as in uranium series) or 3 (as in 
‘actinium series). The end product in all the three series is an 
^isotope of lead which is stable and non-radioactive in nature. The 
following table shows the main characteristics of three 
radioactive series: 






Atomic 



. - 

First 

Half Ufe 
of first 
member 
tu years 

Last 

masses 

when 

No. of Or 

No. of p- 

Series 

mem- 

mem- 

divided 

particles 

particles 


her 

ber 

by 4, the 
remain- 

emitted 

emitted 





der 



Thorium 

(An) 

232'T‘i. 

90 Th 

1.4x10^“ 

"ilPb 

0 . 

6 

4 

Uranium 
(4n + 2) 

238 TT 
92 ^ 

4.51x10'’ 

ffiPb 

2' 

8 

6 

Actinium 
(An + 3) 

235rj 

7.07 x 10* 

-gPb 

3 

7 

4 


(i)'Thorium series (4/j series): 
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(ii) Uranium series [(4n + 2) series]: 


fo^Th "4 4 ^u4 4 4 


91 


9290 


88 ' 


86 ‘ 



Po- 


(iii) Actinium series [(4n + 3) series]: 


-a -B -a 

235tt , 23lTn, ^ 231 d„ . 

92 U 90 In —> Fa —^ g9 Ac^ 


223. 

87 


227 

90 


Fr 


'ssRn 


Th 


-a 



~B -a -a 

211 la; , 211 nu . 215 T)„ , 

. gjPti <— mPo <- 


84^ 


series in nature whose isotopic masses cany a numerical 
relationship of 4n + I The most reasonable explanation for the 
absence of this series in nature was that no member of this series 
was sufficiently long lived to have survived over the years since 
the series might have been formed. Except the last member, all 
other members of this series have been obtained by artificial 
means. The name of this series is given on the long lived isotope 
of neptunium (Half life Np = 2.25 x 10^ years). This family 
differs from the other three naturally occurring series in the 
following respects; 

(a) The last member of this series is an isotope of bismuth 
(^g 3 Bi) and not an isotope of lead. 

(b) The only member of this series which is found in nature is 
the last member. 

(c) The series does not contain gaseous emanation. 

5u4foTh4“5Ra4'''' 


”’Np-^^|^Pa- 


93 J 




213 


92' 


88 ‘ 


89 


Ac 


Po 


83' 


84' „ 

-a/ 'V-P 


209 'pi 

81 


'^'^.Bi4^gAt4^i‘Frf^ 


83^ 


87' 


In this series, seven alpha and four beta particles are emitted. 

3.9 RATE OF DISINTEGRATION AND HALF 
LIFE PERIOD 


Only 18 radioactive isotopes with atomic number 82 or less 
are found in nature. ''*C is the exception because it'is 
continuously synthesized in our atmosphere. All these natural 
radioactive elements have half-life longer than 10® yrs (age of 
earth). Another 45 radioaetive isotopes having atomic number 
greater than 82 are also found in nature and fall in above three 
natural deeay series. ■ 

Similarities between Radioactive Series 

(i) In all the series, there is an element of zero group with 
atomic number 86. This element comes in the gaseous state and is 
called emanation. Different names are given to three isotopes. 
These are radon in uranium series, thoron in thorium series and 
actinon in actinium series. 

(ii) In all the series, the last product is an isotope of lead 
(atomic number 82), ^“*Pb in uranium series, Pb in actinium 
series while Pb in thorium series. Due to this reason, lead is 
found in nature as a mixture of these three isotopes. 

(iii) In all the series, there are certain elements which 
disintegrate in a branching process by emitting either a or 
P-particles. The species thus formed are then disintegrated in 
such a way as to give a common product. 

Neptunium series [(4n+l) series]: For many years 
scientists speculated upon the failure to find a disintegration 


The radioactive decay of the different radioactive substances 
differ widely. The rate of disintegration of a given substance 
depends upon the nature of disintegrating substance and its 
total amount. The law of radioactive disintegration may be 
defined as “the quantity' of radioactive substance which 
disappears in unit time is directly proportional to the 
amount* of radioactive substance present or yet not decayed.” 
The quantity of the radioactive substance which disintegrates or 
disappears in unit time is called rate of disintegration. 

The rate of disintegration decreases with time as the 
amount of radioactive substance decreases with time. One of 
the most important characteristics of the radioactive 

disintegration is that a certain definite fraction of a radioactive 
sample undergoes disintegration in a definite period of time. This 
time period does not depend upon the initial amount of the 
radioactive substance. 

For example, whatever be the amount (initial) of I taken, it 
becomes half within 8 days. This has been shown in Fig. 3.4 (a). 

Initial amount of I The amount of I after 8 days 

20 grams 10 grams 

10 grams 5 grams 

5 grams 2.5 grams, etc. 

Rutherford introduced a constant known as half life period. It 
is defined “as the time during which half the amount of a 
given sample of the radioactive substance disintegrates”. 


Amount of a radioactive substance can be taken in terms of number of atoms or moles or grams, milligrams, etc. 
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1^2 Days 


Fig. 3.4 (a) 



Time 


Fig. 3.4 (b) 


Every radioactive element is characterised by a definite constant 
value of half life period, Half life period of an element is also a 
measure of its radioactivity, since shorter the half life period, the 
greater is the number of disintegrations and hence greater its 
radioactivity. Half life periods vary from billions of years for 
some radioisotopes to a fraction of a second. 

Half life period is represented as 

Let the initial amount of a radioactive substance be . 

After one half life period ), it becomes = iVg / 2 

After two half life periods {2r|/2), it becomes = Ag/4 
After three half life periods it becomes = Ag/S 


and After n half life periods (ntyj)- it shall become = 



Thus, for the total disintegration of a radioactive 
substance an infinite time will be required. 


Time 

(7) 

0 

2^1/2 

3 ^ 1/2 

4^/2 


«h/2 


Amount of 
radioactive 
substance (iV) 


^0 


:^o = 


An 




16 


■An 




Amount of radioactive 
substance decomposed 
(Aa-A) . 


1 

2 

■ 3 

4 

.7 

8 

15 

16 


No 

No 

No 

No 


0 

1 

1 

1 

1. 


I 

■2. 

I 

4_ 

2' 

8, 

16 


Ao 

No 

No 

Vo 



Amount of radioactive substance left after n half life periods 


N = 


Nn 


and total time T=hx ty 2 

where, n is a whole number. 


:: ‘ nSS MSoME Solved Examples\ tSS*;:: 

Example 10. The half life period of radium is ISSOyears. 
How do you interpret this statement? 

Solution: Whatever quantity of radium is taken, it shall 
became half after the expiry of 1580 years. The following table 
explains the statement: 

Quantity of radium Quantity of radium 

at present after 1580 years 


100 atoms' 50 atoms 

50 gram 25 gram 

5 mole 2.5 mole 

Example 11 . The radioactive isotope & has a half life 
period of ZQyears Starting with Img of Cs, how much would 
remain after MQyears? 

Solution: At this time, we have 1.0 mg of *”Cs; after 30 
years, we shall have one half of the original, or 0.50 mg; after 60 
years, we shall have 0.25 mg; after 90 years, we shall have 0.125 
mg and, finally, after 120 years, we shall have 0.0625 mg. 


After 30 years 
60 years 
90 years 
120 years 
Alternative solution: 
We know that, 

So, 


— 0.50 mg 

— 0.25 mg 

— 0.125 mg 

— 0.0625 mg 
Total time = 120 years 

total time = n x ty 2 
120=nx30 
n = 4 


Thus, the quantity of the isotope left after 

b. 

16' 


four half life periods = It I ^0 

^ 0.0625 m 


- j X 1 

2j. 
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, Example 12. A radioactive element has half life period of 
30 days. How much of it will be left after 9Qdays? 

Solution: Total time = 90days 

Half life (tj / 2 ) = 30 days 
We know that, total time = h x t^jj 
So, 90=nx30 


Thus, quantity left after three half life periods 

[TYq = original amount] 






1 




^ Example 13. The half life period of ^ 84^0 is 140 days. In 
how many days \g of this isotope is reduced to 0 .25 g? 

Solution: Original quantity of the isotope {N ) = 1 g 
Final quantity of the isotope iY = 0.25 g 


We know that, 


So, 


N-. 

2. 

4' 


-i iVn 


A" 


Xl 


or 


or 




We know that. 


So, 


N = 


25 = 


« = 2 • 

Time taken T ~nx = 2 x 140 = 280 days 
Example 14. The. half life period of is 2.5x10^ 
years. In how much time is the quantity of an isotope reduced to 
25% of the original amount? 

Solution: Initial amount of this isotope AIq = 100 
Final amount of the isotope N = 25 

T” 

2y 

r 

2 . 

25 ^ M'' 

100 ""Uy 

i=fr 

4 Uy 

if Jr 

UJ ,Uy 


N, 


xlOO 


or 


or 


or 


Time taken 


n = 2 

T = nx r ,/2 

= 2x2.5x10^ =5x 10^ years 


Example 15. A radioisotope has 1^2 = 5 years. After a 
given amount decays for 15 years, what fraction of the original 
isotope remains? 

Solution'. Half life (tyj) = 5 years 
Time for decay (J ) = 15 years 
We know that, T = nx t ^,2 

So, 15 = nx5 

or n = 3 

Let the original amounf be = jVq 
L et the amount left after three half life periods be = IV 
fraction = iV / iVo 


We know that. 


or 


N-. 


N 


Nn 


\ 

2 

2" 

v2 




'U 


Thus, after 15 years -th of the original amount remains. 

8 

Example 16. If in 3160 years, a radioactive substance 
becomes one-fourth of the original amount, find its half life 
period. . 

N 1 

Solution: — = - 

N, 4 


So, 


or 


or n = 2 

We know that, total time ‘T’ = nxtii 2 
So, 3160=2xr,/2 

or r ,/2 = 1580 years 

The half life period of the radioactive substance is 1580 years. 


7. Half life of a radioactive sample is 2r years. What fraction of 
this sample will remain undecayed after x years? 


[Ans. (b)] 


(b) 


1 


[Hint; 


X = 

0.693 

9/2 

0.693 

2x 


ri 

2.303 


log 


t 


(c) 


s 


(d) 2 


2.303 , f 

—— log,o ^ 
t \ N 


2.303 , (No 

-logic T7 

jc \N 


^ logic 2 = log I 


, No , , . N 

log —~ = At or log — 

N 


■ -Xtov^ = oriV 
No' 


■Noe’' 


or 
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N _ 1 

42 


Fraction undecayed = --] 

V2 


8 . 


9. 


Half life of a radioactive element is 10 days. What percentage 
of the element will remain undecayed after 100 days? 

(a) 10 % (h) 0 . 1 % 

(c) 0% (d) 99% 

[Ans. (b)] 

[Hint: In ten times of half life 99.9%, the element undergoes 
decay; then percentage of undecayed radioactive element will 
be 0 . 1 %.] 

Which among the follbw^g relations is correct? 

(a) ty 2 = 2 / 3/4 W h /2 = 3 / 3/4 

(^) h/4-^h/2 ' W hu-'^hn 

[Ans. (c)] 


[Hint: 


0.693 
hi 2 


2.303 ; 
-log 



0.693 2.303 , 100 
•-=-log — 

' hi 2 hi 4 25 

%/4 = 2/1/2! 

10. Select the correct statement: 

(a) Same amount will decay in every half life 

(b) Amount decayed in first half life is maximum 

(c) Amount decayed in first half life is minimum 

(d) Amount decayed in a half life depends on the nature of 
element 

[Ans. (b)] 

[Hint!. {/ Amount decayed in first half life is maximum. Half of 
the initial amount is decayed in first half life.] 


11 . The half life period of a radioactive mineral is 15 min. What 

percent of radioactivity of that mineral will remain after 45 
min? [UGET (Manipal Medical) 2006] 

(a) 17.5% (b) 15% (c) 12.5% (d) 10% 

[Ans. (c)] 

45 

[Hint: n = — = 3 = No. of half lives 

Ar=AroQj =100x|^ij =12.5%] 

12. Half life of a radioactive element is 16 hrs. What time will it 

take for 75%o disintegration? (DCE 2006) 

(a) 32 days (b) 32 hrs (c) 48 hrs (d) 16 hrs 

[Ans. (b)] 

[Hint: 75% decay takes place in 4 (3 / 4th life) 


/ 3/4 = 2/]/2 = 2 X 16 = 32 hrs] 


Disintegration constant: A chemical reaction whose rate of 
reaction varies directly as the concentration of one molecular 
species only, is termed a first order reaction. Radioactive 
disintegration is similar to . such a chemical reaction as one 
radioactive species changes into other. This change can be 
represented by the equation: 

A —>5 


Suppose the number of atoms of a radioactive substance 
present at the start of observation, i. e ., when / = 0 , is A/q and after 
time t, the number of atoms remaining unchanged is N. At this 
instant a very small number of atoms dN disintegrate in a small 

dN 

time dv, the rate of change of A into B is given by-. The 

dt 


negative sign indicates that number of atoms decreases as time 
increases. Since, rate of disintegration or change is proportional 
to the total number of atoms present at that time, the relation 
becomes 


dt 


■X-N 


... (i) 


‘ X" is called the disintegration constant or decay constant. 


Evidently 
If dt = \ second. 


N 


X-dt 


X = -^-^ 
■ N 


... (ii) 
... (iii) 


Thus, X may be defined as the fraction of the total number 
of atoms which disintegrate per second at any time. This is 
constant for a given radioactive isotope. 

Integrating eq. (ii), -J ^ = X^ dt 


-\ogN~XtAC (iv) 

C is the integration constant. 

When / = Ot N = Nq 

Putting the values in eq. (iv), 

-log;Vo=C. ...(V) 

Putting the value of C in eq. (iv) 

- log N = Xt - log Nq or log Nq -logN = Xt 



Fig. 3.5 Fraction of radioisotope remaining versus time 
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or 


or 


log = Xf 




or 2.303 log IQ —- = Xt 


N 


. 2.303 , Nq 

X = —^— log,o — 

t ' N 


... (Vi) 


This equation is called kinetic equation and is obeyed by first 
order reactions. 

Relationship between half life period and radioactive 
disintegration constant. 


2.303 


When t = ty 2 , N'- 

Putting the values in eq. (vi) 

, 2.303, Nr 

X = -log,o - 

tin - No/2 
The value of log ,0 2 is 0.3010. 

_ ■ . 0.693 

So, A =- or ty 2 

tin 


Na 


t\n 
0.693 


log 10 2 


X 


Thus, half life period of a given radioactive substance does not 
depend on the initial amount of a radioactive substance but depends 
only on tire disintegration constant of the radioactive element. 


3.10 AVERAGE LIFE 

It is the sum of the periods of existence of all the atoms 
divided by the total number of atoms of the radioactive 

substance. 


Average life ■ 


Total life time of all the atoms 
Total number of atoms 
r tdN , ' 


No 'X 

Thus, average life of a radioactive element is the inverse of its 
disintegration'or decay constant. 

1 ty <■) 

Average life = — = —- i .44 a ,, 

X 0,693 

Tlie average life of a radioactive substance is 1.44 times of its 
half life period. , 


Alternatively: 

, We know that, 


2.303, 

X=,-log,o 


Nr 


N 


or 


f Nr. ^ 

Xr = log, 

N 


or 


.Let then 

X 


N 

-Kt 


N 


~-e 


No 

N 

No 

N 


No 2.718 
N 


1 


0,3679 


% remaining amount =-x 100= 36.79 

N, 


% decayed amount = 100 - 36.79 = 63.21 

Time during which 63.21% substance undergoes decay is 
called average life. 

Relation between rate of decay and mass of given element 

Rate|^-^j = XxiV 

= X X No. of atoms of element undergoing decay 

0.693. mass , , , , 

=-X-X Avogadro s number 

tj /2 atomic mass 


Parallel Path Decay 

Let a radioactive element ‘A’ decays to ‘B’ and ‘C’ in two 
parallel paths: 



Decay constant of - 

'A’ = Decay constant of‘5’ + Decay constant of‘C’ 

-(0 

Here, Xg = [fractional yield of R] x X^ ^ 

X (2 = [fractional yield of C ] X X^ 


Maximum Yield of Daughter Element 


Let a radioactive element "A' decays to daughter element ‘R’. 

A - >B ' ' 

X^ and Xg are decay constants of and ‘R’. Maximum 
activity time of daughter element can be calculated as: 


2,303 

(Xg - X^ ) 




3.11 RADIOACTIVE EQUILIBRIUM 

Let us consider that a radioactive element A disintegrates to give 
B which is also radioactive and disintegrates into C. 

A -->C 

The element B is said to be in radioactive equilibrium with A if 
its rate of formation from A is equal to its rate of decay into C. If 
X j and X ^ are the disintegration constants of A and 5, N, and N^ 
are the number of atoms of each radioactive element present at 
equilibrium, then we have 

Rate of formation of R = Rate of decay of .4 = X j Nj 

and Rate of decay of R = X 2 iV ^2 

, At radioactive equilibrium, 

X,W, =X2N2 

W, _ A ,2 _ 1/ Xi _ Average life of A _ 

N 2 X^ I/X 2 Average life of B Zg 

Thus, the number of atoms of A and B are in the ratio of 
their average life periods. 

Nx _ a693/(ti;2)2 

N2~X, 0.693/(t„2)i 

_ (n/2)i 
Nj (tin )2 
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When of parent element is less than of daughter 
element, but both are not very small then a transient equilibrium 
is reached, when 

^ B _ '^A 
^ A '^B A 

in fact it is steady state. 

3.12 UNITS OF RADIOACTIVITY 

In radioactivity, the number of atoms which disintegrate in unit 
time is of real importance rather than the total amoimt of the 
radioactive substance expressed by mass or number of atoms, 
i. e., the activity of a radioactive substance is the rate of decay or 
number of disintegrations per second. 

The unit of radioactivity called Curie (Ci) is defined as that 
quantity of any radioactive substance which has a decay rate 
of 3.7 X 10*** disintegrations per second. 

This unit is a large one and hence smaller units like milii- 
curie (mCi) and microcurie (pCi)are used. 

1 millicurie = 3.7 x 10^ disintegrations per sec 
1 microcurie = 3.7 x 10"^ disintegrations per sec 

There is another unit Rutherford (Rd) which is also used these 
days. It is defined as the amount of a radioactive substance 
which undergoes 10^ disintegrations per second. Smaller units 
like milli-Rutherford and micro-Rutherford are also used. 

1 milli-Rutherford = 10^ disintegrations per sec (dps) 

1 micro-Rutherford = 1 disintegration per sec 

The SI unit of radioactivity is proposed as Becquerel which 
refers to one dps. 

1 curie = 3.7 x 10'^ Rutherford = 3.7 x 10'° Becquerel 

1 curie = 37GBq 

Here, G stands for 10^, i e. , giga 

Gray (Gy) = 1 kg tissue receiving 1 J of energy 
Sievert (Sv) = gray x quality number of radiation 
Quality number of la-particle = 20 
Quality number of iP-particle = 1 

Specific activity of a radionuclide is its activity per kilogram 
(or dm^ ) of the radioactive material. 

(In some cases, specific activity is taken as the activity per 
gram.) 

Radiation counter: There are two main radiation counters 
in practice. 

1. Geiger-Muller counter: It is used to count charged 
particles, e.g.,a and P-particles, emitted by a radioactive nucleus. 
This counter is simply a metal tube filled with a gas like argon. 

In order to count and detect neutrons, boron trifluoride (BFj) 
is added along with a gas in the G.M. counter. Neutron strikes 

B nuclei to produce a-particle, which is then detected and 

counted in Geiger counter. 

‘5b+ on-—^ |Li+jHe 

2. Scintillation counter: yradiations are detected by 
Scintillation counter. A phosphor is used in this counter which 


produces flash of light when it is struck by electromagnetic 
radiation like y-rays, for detection of y-rays. Sodium iodide (Nal) 
and thallium iodide (Til) are used as phosphor. Rutherford firet of 
all used zinc sulphide (ZnS) as phosphor in detection of 
a-particles. 




SI MSome Solved Examples\ fSU*:: 


Example 17. The half life period of radium is 1600jears. 

Calculate the disintegration constant of radium. Mention its unit. 

^ . . r.- ■ • 0-693 

Solution: Disintegration constant A =- 


‘ 1/2 


Since, 

So, 


‘ 1/2 


x = 


1600 years 
0.693 


or 


•1600 

X = 4.33x10^ year”' 


Example 18. The disintegration constant of 


238 


U 


1.54x10“*° year"*. Calculate the half life period of 

0.693 


Solution: 

Since, 

So, 


Half life period, t^i 2 = 


X = 1.54 x I0"*° year * 


^ 1/2 - 


0.693 


1.54X 10“'° 


= 4.5 X 10^ years 


Example 19. The half life period of radon is 3.Sdays. After 
how many days will only one-twentieth of radon sample be left 
over? 


Solution: We know that, X = 


0.693 


‘ 1/2 


^3 = 0.182 day-* 
3.8 


Let the initial amount of radon be Nq and the amount left after 

t days be N which is equal to —-. 

20 

Applying the equation, 

2.303, Nq 


2.303 


log 




10 


Nq/20 


2.303 

0.182 


log 10 20 


0.182 
= 16.54 days 

Example 20. A counter rate meter is used to measure 
the activity of a radioactive sample. At a certain instant, the 
count rate was recorded as 475 counters per minute. Five minutes 
later, the count rate recorded was 270 counts per minute. 
Calculate the decay constant and half life period of the sample. 

Solution: Let Nq and N be the number of atoms of the 
radioactive substance present at the start and after 5 minutes 
respectively. 

Rate of disintegration at the start = XiVo = 475 
and rate of disintegration after 5 minutes = X7Y = 270 


Dividing both. 


or 


XA^o 

XiV 

N 


475 
’ 270 

176 



N 
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W t * 1 2.303, 

We know that, A =-log ,a — 

t N. 

X = log 10 1.76 = 0.113 minute”* 

„ , 0.693 0.693 ^ , 

Half life period =-=-= 6 .1 minutes 

X 0.113 

Example 21. You have Q.lg atom of a radioactive isotope 
X {half life = 5 days). How many atoms will decay during the 
11 th day? 

Solution: Amount of radioactive substance = 0.1 g atom , 
So, TYj) = 0.1 X Avogadro’s number 

= 0.1x6.02x10“ 

= 6 . 02 x 10 “ atoms 


Number of atoms after 5 days = 
Number of atoms after 10 days = 


6.02x10“ 

2 

3.01x10“ 
2 . 


= 3.01x10“ 
= 1.505x 10“ 


Let the number of atoms left after 11 days be N. 
We know that, 

2.303, A^o 
0 693 

Given, 1 = 11, X = Y^, Wq =6.02x10“ 


So, 


or 


So, 


2.303x5, 6.02x 10 

■ 11 = -———logic 


,22 


log 


0.693 
6.02x10 


N 


,22 


11x0.693 


10 


N 2.303x5 
. 6.02x10“ 


= 0.6620 


N 


= Antilog 0.6620 = 4.592 


iV = X jo22 ^ j 3 ^ jq22 

4.592 


Atoms decayed during 11th day 

= [1.5050x 10“-1.3109x10“] 

= 0.1941x10“ 

= 1.941x10“ 

Example 22. 10 g atoms of an a-active radioisotope are 
disintegrating in a sealed container. In one hour, the helium gas 

collected at SIP is \ \.2 cm^. Calculate the half life of the radio 

1 1 - 

isotope. < 

Solution: Amount of radioactive isotope = 10 g atoms 

or ' Nq = iOx 6.023 X 10“ atoms 

. = 6.023 X 10“ atoms 

22400 cm^ of helium contains = 6023 x lOP atoms 

11,2 cm^ of helium will contain = x 11.2 atoms 

22400 

= 3.0lx 10“ atoms 


As one helium atom is obtained by disintegration of one atom 
of radioisotope, the total number of atoms of the radioactive 
isotope which have disintegrated in one hour 

= 3,01x10“ or 0.0003x10“ 

The number of atoms of the radioactive isotope left after one 
hour, 

N = (6.023 X 10“ - 0.000301 x 10“) 

= 6.0227x10“ 


Using, 


2.303 

t 


log 


2.303 

t 


log 


N 

6.023 X 10“ 
6.0227 X 10“ 


= 2.303x2.1632x10"^ =4.982x10"^ hr"’ 
ty 2 =0.693/(4.982x10“^ x 24 x 365) = 1.58 years ‘ 

Example 23. Calculate the average life of a radioactive 
substance whose half life period is 1650 years. 

Solution: Average life = 1.44 x ty 2 


= 1.44x1650 = 2376 years 

Example 24. Sr shows ^activity and its half life period 
is 28 years. What is the activity of a sample containing I g of 
^^Sr? 

Solution: Activity = No. of atoms disintegrating per second 
= Xx total number of atoms 
0.693 

28 X 365 X 24 x 60x 60 


Total number of atoms in 1 g of “Sr = ^ ^ 


23 


Activity 


0.693 


28x365x24x60x60 


90 

6.023 X 1 0' 
90 


,23 


5.25 X 10“ disintegrations per second 


5.25 X 10 


12 


3.7 X 10 


,10 


141.89 curie 


’ Example 25. A chemist prepares 1.00 g of pure g C. This 
isotope has half life of 21 minutes, decaying by the equation: 


(a) What is the rate of disintegration per second (dps) at start? 

(b) What are the activity and specific activity of ’g C at start? 

(c) How much of this isotope (’g C)is left after 24 hours of its 
preparation? 

‘ dN 

Solution: (a) Applying,-= XNq 

dt 

0.693 lx 6.02X 10“ 

. . ' ■ ^21x60 ^ 11 
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'I y 1 

(b) Activity =-^- (1 curie = 3.7 x 10*° dps) 

3.7x10*° 

= 8.108X 10* curie 

Sp. activity = 3 x 10*° x 10* = 3 x 10** dis/ kg s 
= 8.108 X 10** curie 


(c) Applying, A = Aq 
A = lx 


I t _ 24 X 60 

hn 

68.57 

= 2.29 X 10“** g 


68.57 


OF oBjeetiVE 


13. The time of decay for the nuclear reaction is given by 
t = 5<i/ 2- The relation between mean life x and time of decay 
‘r’ is given by: 

(a) 2 t In 2 (b) 5 t In 2 (c) 2x'' In 2 (d) 4- In 2 

x'* 

[Ans. (b)] 

[Hint: t = 5ty2 


V / = 5xln2]' 

14. The activity of a sample of radioactive element *°°/l is 6.02 
curie. Its decay constant is 3.7 x 10'* s"*. The initial mass of 
the sample will be: 

Ca)10-'^g (b)lO-^g (c)10-**g ,(d)10-*g 

[4ns. (c)] 

W -Tl 

[Hint: Activity = 3, x-x 6.023x 10 

At. wt. 


6.02 X 3.7 X 10'° = 3.7 xlO^x — x 6.023 x 10** 

100 

w=10“'*g] 

15. A freshly prepared radio medicine has half life 2 hours. Its 
activity is 64 times the permissible safe value. The minimum 
time after which it would be possible to treat the patients with 
the medicine is: 

(a) 3 hrs (b) 9 hrs (c) 24 hrs (d) 12 hrs 
lAns. (d)] 

[Hint: 



n = 6 half lives 


time = 2 X 6 = 12 hrs] 

16. • .One gram of **®Ra has an activity of nearly 1 Ci. The half life 
of**®Rais: 

(a) 1582 yrs (b) 12.5 hrs 

(c) 140 days (d) 4.5 x 10° yrs 


[4ns. (a)] 

[Hint: Use the following relation for calculation of activity; 


Activity 


0.693 


X - 


M/2 


At. wt. 


X 6.023 X 10** 


17. 


3.7x 10'° = X — X 6.023 x 10** 

.ty2 226 

It will give the half life in seconds.] 

Assuming that **®Ra (r ,/2 = 1.6x 10* yrs) is in secular 
equilibrium with ***U = 4-5 X 10° yrs) in a certain 

mineral, how many grams of radium will be present in for 
every gram of ***U in this mineral? 

(a) 3.7 X I0“* 

(c) 3.4 X 10"* 


(b) 3.4 X 10* 
(d) 3.7 X 10* 


[4ns. 

[Hint: 


(c)] 

A, **^a 
A2 ***U ^ 
w/226 


6/2 '''Ra 
6/2 ''*U 
1.6 X lO* 


1/238 4.5x 10^ 


: 3.4x10“* g] 


18. A certain radioactive isotope decay has a-emission, 
■'A- 


Z,"" ' Z, - 2" 

half life of X is 10 days. If 1 mol of X is taken initially in a 
sealed container, then what volume of helium will be 
collected at STP after 20 days? 

(a) 22.4 L (b) 11.2L (c)16.8L (d)33.6L 

[4ns. (c)] 

[Hint: After 20 days 0.75 mol helium,will be formed. 
.‘.Volume of helium at STP = 0.75 x 22.4 
= 16.8L] 


3.13 ARTIFICIAL TRANSMUTATION 


Transmutation is deflned as the conversion of one element 
into another or one type of atom into another. When this 
conversion is achieved by artificial means, it is termed as 
artificial transmutation. 

The conversion of elements into one. another has been the 
dream of the human race for many centuries. In the middle ages, 
it was popular under the name of ‘ Alchemy'. Alchemists were 
unsuccessful in this attempt as they were having-very little 
knowledge about the structure of atom. With the background of 
the clear picture of the structure of the atom, modem scientists 
have realised that to convert one element into another, the 
nucleus should be attacked and altered. * 

The first indication that a stable nucleus could be disrupted 
was given by Rutherford in 1919. He observed that when 
nitrogen was bombarded with high speed a-particles from **"* Po, 
protons were emitted. Thus, nitrogen was changed into an isotope 
of oxygen. , , 

,*^N+^He —^*8*0+jH. . 

Later on, Rutherford .and Chadwick showed that many other 
elements from horon to potassiurn with the excep.ticiT of carhon 
and oxygen could he transmuted hy bombardment with 
a-particles. However with heavier elements, there was only 
scattering of a-particles as these suffered a force of repulsion. It 
was, thus, concluded that to bring transmutation in heavier 


166 


G.R. B. Physical Chemistry For Competitions 


elements, the projectiles must have higher energies than 
a-particles obtained from natural sources. It was suggested by 
Gamow in 1928 that a proton (|H) would be a much more 
effective projectile than an a-particle, but it was not available as a 
high speed particle. 

The charged particles, like alpha particles, protons, deuterons 
can be made much more effective projectiles if they have high 
velocity. Out of all the instruments which have been devised for 
accelerating projectiles, the one. which has attracted the widest 
interest is the cyclotron of E.O. Lawrence. The projectile can be 
accelerated to the speed of 25,000 miles per second. 

The discovery of neutron by Chadwick, in 1932, added 
another projectile for transmutation. The neutron being 
electrically neutral can penetrate easily into the atomic nucleus. 
Although neutrons; are the most effective and versatile of 
projectiles, yet they suffer the objection that they must be 
produced by transmutation at the time of use. High speed 
neutrons are obtained when beryllium-9 is bombarded with 
a-particles, . 

^Be+jHe ->'|C+'on 

and slow neutrons are obtained by bombarding lithium-7 with 
protons. 

5Li+}H —^ lBe+{jB 

In general, for the transmutation of lighter elements, charged 
particles like alpha particles, protons, deuterons are used while 
for heavier elements, neutrons are used. 

Nuclear Reactions 

The reactions in which nuclei of atoms interact with other 
nuclei or elementary particles such as alpha particle, proton, 
deuteron, neutron, etc., resulting in the formation of a new 
nucleus and one or more elementary, particles are called 
nuclear reactions. Nuclear reactions are expressed in the same 
fashion as chemical reactions, i. e ., reactants on left hand side and 
the products on right hand side of the sign of (=) or (-^). In all 
nuclear reactions, the total number of protons and neutrons 
are conserved as in chemical reactions, the number of atoms 
of each element are conserved. The symbols o n,} H, 2 He, \ H, 

e, +1 e and y are used to represent neutron, proton, a-particle, 
deuteron, electron, positron, y-rays respectively. A short hand 
notation is often used for the representation of nuclear reactions. 
As for exmple, the nuclear reaction 

'^N+|He.-^'gO+jH 

is represented as N (a, /?) ' g O. Some of the characteristics that 
differentiate between nuclear reactions and ordinary chemical 


reactions are summarised below: 


ClK'^Csd / 

1 . Elements may be converted from 

No new element can be pro¬ 

one to another. 

duced. 

2. Particles within the nucleus are 

Only outermost electrons partici¬ 

involved. 

pate. 


3. Often accompanied by release or 
.absorption of tremendous 
amount of energy. 


Accompanied by release or ab¬ 
sorption of relatively small 
amount of energy. 


4.' Rate of reaction is independent Rate of reaction is influenced by 
of external factors such as tem- external factors, 
perature, pressure and catalyst. 


Example 26. Calculate the energy in the reaction 
2\H + 2\n-^\He 


Given, H = \ .00813 amu, n = 1.00897 amu and 
/fe = 4.00388 a/BM 

Solution: Loss of mass in the given nuclear reaction 


= 2(1.00813-t 1.00897)- 4.00388 
= 0.03032 amu 


Energy released = 0.03032 x 931 = 28.3 MeV _ 

Types of Nuclear Reactions 

(a) Projectile capture reactions: The bombarding particle 
is absorbed with or without the emission of y-radiations. 
238r,,l„ , 239,1 ,,, 

92 U + qB ^ 92 H + y 

fjAlT o« -> ?3Al + y 

(bj Particle-particle reactions: Majority of nuclear 
reactions come under this category. In addition to the product 
nucleus„an elementary particle is also emitted. 


: fi’Na+iH — 

-^?2'Mg+{,B 

fi^Na+fH- 

ffNa + Jh 

'?fNa+^He^ 

-^?|Mg+lH 

‘^N+ j,« — 

-^‘sC+lH 

(c) Spallation reactions; High speed projectiles with 
energies approximately 40 MeV may chip fragments from a 
heavy nucleus, leaving a smaller nucleus. 

^^Cu + 5He + 400MeV - 

—^ ?^C1 + 14 jH + 16 In 

]^As+ ?H 

->|fMn + 9 }H4-12 ^b 


- + 1h + 35 J,b 


(d) Fission reactions: A reaction in which a heavy nucleus 
is broken down into two or more medium heavy fragments. The 
process is usually Ewicompanied with emission of neutrons and 
large amount of energy. 

Ijb —3 '^^Ba + ^Kr + 3 i,n + 200MeV 

(e) Fusion reactions: Light nuclei fuse together to 
reproduce comparatively heavier nuclei. 

fH+fH ->^He+|)« +17.6 MeV 

A fusion reaction is the source of tremendous amount of 
energy. 

Pair production : Pair production is the most striking 
example of mass-energy equivalence. 
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We can write pair production symbolically as ; 

Photon + Photon- ^ Particle + Antiparticle 

Particle + Antiparticle -- > Photon + Photon 

A particle and antiparticle can collide and annihilate each 
other, producing two high-energy gamma ray photons. Pair 
production must obey the law of conservation of energy and 
momentum. 

The followjng are the important contributions of artificial 
transmutation: 

(i) Discovery of neutron 

(ii) Artificial radioactivity 

(iii) Nuclear fission 

(iv) Nuclear fusion 

3.14 ARTIFICIAL RADIOACTIVITY 

In 1934, Irene Ciirie and F. Joliot observed that when boron and 
aluminium were bombarded by a-particles, neutrons, protons and 
positrons were emitted. When bombardment was stopped, the' 
emission of protons and neutrons ceased but that of positrons did 
not. The emission of positrons continued with tipie but decreased 
exponentially in a manner similar to natural radioactivity. Curie 
and Joliot explained this observation by saying that during 
bombardment, a metastable isotope is formed which behaves as a 
radioactive element. This process was termed as artificial 
radioactivity. 

“The process in which a stable isotope is converted into a 
radioactive element by artificial transmutation is called 
artificial radioactivity.” 

When A1 is bombarded by a-particles, radioactive isotope 
^5 P is formed. 


fjAlH- 2 He 



f^Si + j H(95% of total conversion) 
fjP + qW (5% of total conversion) 



Si-i- 


0 

+1 


e 


Positron 

In a similar manner, the artificial radioactivity was observed 
when '5 B was bombarded by a-particles. 


‘ 5 B+ jHe 


-4 'lC+\H 

-4 '^N*+ J,n 

^ '2c + 


+1^- 


The following are some of the nuclear reactions in which 
radioactive isotopes are formed. 


23 


■j’ Na + , H 


238 

92 


24 


Na*+}H [nNa — P radioactive] 


U + 


6 c+;h 

“Mg+^He 


239 T 
92 


13 


U*+Y [ 92 U— P radioactive] 
N* + Y [ *7 N— positron radioactive] 
A 1 * + J H [ A1 — P radioactive] 


* Half life period of ^jP is 3.2 minutes. 


3.15 NUCLEAR FISSION 

“The process of artificial transmutation in which heavy 
nucleus is broken down into two lighter nuclei of nearly 
comparable masses with release of large amount of energy is 
termed nuclear fission.” The word fission is derived from its 
resemblance to the biological process called fission in which a 
living cell breaks up into two cells of roughly same size. 

After the discovery of neutron, Fermi, in 1934, made an 
attempt to synthesise transuranic elements from uranium by 
bombarding with neutrons. This experiment was repeated in 
Germany by Hahn and Strassmann. In one of the chemical tests, 
they found that one of the products was an isotope of barium 
along with the formation of an isotope of the element with atomic' 
number 93 (neptunium). In 1939, they proposed that uranium 
after capturing neutron undergoes two types of reactions—one 
with U isotope and the other with U isotope. 


^ 9 ! Uis converted into 

\\®Npand ^ 9 \®Pu... 

238 TT.^ 

92 U . 0 " 

> 92 U 

^239np^ 239p^ ■ 



(Plutonium) 

^ 9 ! Ucaptures slow neutron and splits up into fragments. 

^UV+ 'on - 

s 236 xj 
> 92 ^ 

->'^Ba+l°Kr + 2 ;,n 


It has been observed that during fission of "99 U not only 
isotopes of Ba and BCr are formed but isotopes of various other 
elements come into existence. These isotopes fall under two 
groups. First type—isotopes having atomic masses from 80 to 
110 and atomic numbers from 35 to 43 and second 
type—isotopes having atomic masses from 120 to 150 arid 
atomic numbers 51 to 57. It is believed that only :wo isotopes are 
first formed as primary fission products which then give rise to 
secondary products by successive disintegration. 


235 

92 


U + 


1 

0« 


''‘'Ba+ 36Kr + 3 


56 ^ 


-4 HlXe+ 38Sr + 2 


54 

140 


54X0 + 3gSr + 


Primary products 


14^ Xe ^ Cs ^ ^ 'f^La ^ 

Secondary products 

During fission, there is always loss of mass which is converted 
into energy according to Einstein equation E = mc^. There is a 
loss of about 0.215 amu mass during one fission. Thus, energy 
released in one fission is equal to 0.215 x 931, i. e ., 200 MeV. 

Chain reaction: Whatever are the primary products of 
fission of uranium, it is certain that neutrons are always set free. 
If the conditions are so arranged that each of these neutrons can, 
in turn, bring about the fission, the number of neutrons will 
increase at a continuously accelerating rate until wFole of the 
material is exhausted. Such type of reaction is called chain 
reaction. It takes very small time and is uncontrolled. It ends in a 
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terrible explosion due to release of enormous amount-of energy. 
The chain reaction is shown in Fig. 3.7. 



The chain reaction is self-propagating if the vfiiue of 
multiplication factor is more than 1. 

Multiplication factor,, 

^ No. of neutrons produced in one step 
No. of neutrons produced in preceding step 

The value of K is 2.5 for U and 0.5 for U. This shows 
that if all other factors ate ignored, natural uranium which is a 
mixture of three isotopes = 99.29%, ^^^U = 0.7%, 

= 0.0006%) is not suitable for a chain reaction. The 
following two factors hinder the self-propagation of a chain 
reaction: 

(i) Leakage of neutrons from the system. 

(ii) Presence of non-fissionable material. 

irthe system is such that loss of neutrons is more than theu 
production, it is a subcritical stage. When the loss of neutrons is 
equal to their production, it is said to be the critical stage and 
when loss of neutrons is less than their production, it is the 
over-critical stage. Over-critical stage is required for 
self-propagation of chain reaction. The leakage of neutrons from 
the system can be reduced by suitable choice of size and shape of 
the fissionable material. The second source of loss of neutrons is 
due to absorption of neutrons by non-fissionable material. It may 
be reduced by careful purification of natural uranium, i. e, natural 
uranium is submitted to the process of enrichment by which the 


percentage of U in the sample is increased. The chain reaction 
can be carried out under two conditions: (a) uncontrolled (atom 
bomb) and (b) controlled (nuclear reactors). 

Nuclear fuels: Nuclear fuels are of two types; 

(i) Fissile materials: These, on bombardment with slow 
neutrons, directly produce a chain reaction leading to release of 
energy. Three fissile materials are in use at present. These are 

“’Pu and “"U. is obtained from natural sources 
while Pu and U are obtained by artificial transmutation. 

(ii) Fertile materials: A fertile material is one which by 
itself is non-fissile in nature, can be converted into a fissile 
material by reaction with neutrons. and ^^^Th are fertile 
materials. U is converted into Pu by the following nuclear 
reaction; 


238 

92 


U+ 






(23 min) 


9 


(2.3 days) 


9 \®PU 


Similarly Th is converted into-^-- U. 

"P 233 




^%Th .* 


(23 min) 


91 


Pa^ 


-P 


(27 Ays) 


. 233TT 

t 92U 


Applications of nuclear fission: Three practical 
applications of nuclear fission are: 

(a) Atomic bomb, (b) Nuclear reactor and (c) Power plant. 



(a) 



Explosive 


Fig. 3.8 (a), (b) and (c) various designs used in the assembly 
of atom bomb, (The atom bomb is made in two or more 
pieces of the fissile material each smaller than the critical 
size. The moment these pieces are forced together, the 
bomb explodes with terrific violence). 
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(a) Atomic bomb: It is based on uncontrolled chain 
reaction. The shape and size of the fissionable material is so 
adjusted at the time of explosion that it reaches the over-critical 
stage. In the atom bomb, a few pounds of fissionable material 
( U or Pu) is taken in the form of a number of separate 
pieces; each piece is in subcritical stage (surface area is very 
large, i. e ., loss of neutrons is high.) At the time of explosion, 
these pieces are driven together rapidly by using explosives like 
TNT (trinitro toluene) lying behind each of U pieces as to 
make one large piece of fissionable material. At this instant, the 
over-critical stage is achieved and a fast chain reaction is set- up. 
This results in a violent explosion with the release of tremendous 
amount of ener^. Fig. 3.8 shows some of the designs of atomic 
bomb. 

On account of explosion, the fragments fly apart with 
tremendous speeds. These collide with each other and kinetic 
energy is changed to heat energy. The amount of energy liberated 
in an atomic explosion is of the order of the detonation of about 
20,000 or 30,000 tons of TNT raising the temperature to about 
10^ °C. Air expands suddenly and a shock wave of great 
destructive impulse travels across. The explosion also produces a 
violent and intense blast of highly penetrating y-rays which are 
exceedingly dangerous. The radioactive dust (fallout) scatters 
over wide areas causing contamination. 

The first atomic bomb dropped over Hiroshima city during the 
second World War in 1945 utilised U and the second atomic 
bomb dropped on Nagasaki made use of Pu. India exploded 
their first atomic bomb at Pokhran in Rajasthan in May 1974, 
and used Pu as the fissionable material. 

Nuclear Power and India (Recent Developments) 

Indian scientists recently repeated the history of 11th May 
1974. Our great scientists successfully conducted five 
underground nuclear tests at Pokhran range in Rajasthan, 24 
years after the nation had conducted the first such test. Three tests 
were conducted at 3.45 p.m. on 11th May 1998 and the two tests 
were made later on 13th May. These tests were up to the mark and 
as per our expectations. 

(b) Nuclear reactor or atomic reactor or atomic 
pile: The reactor is the furnace of the atomic age, the place 
where fissionable material is burnt for useful purposes. It is 
essentially an instrument designed to allow a niiclear chain to 
develop, under control. All the neutrons produced are not 
allowed to carry out the chain reaction. A fission reactor has five 
main components: (i) fuel, (ii) moderator, (iii) control rods, 
(iv) cooling system and (v) shielding. 

(i) Fuel: Eidier enriched uranium or natural uranium is 
usually used as fuel. Heterogeneous reactors employ the fuel in 
the form of rods, plates or hollow cylinders. Homogeneous 
reactors employ solution of the fuel prepared in the moderator. 

(ii) Moderator: The most efficient fission reactions occur, 
with slow neutrons. Thus, the fast neutrons ejected during fission 
must be slowed down by collisions with atoms of comparable 
mass that do not absorb them. Such materials are called 
moderators. The most commonly used moderators are ordinary 
water and graphite. The most efficient moderator is helium. The 



p-particle p-particle 

Fig. 3.9 Nuclear fission i; i a nuclear reactor using enriched 
uranium 

next most efficient one is heavy water (DjO) but this is so 
expensive that it has been used only in research reactors. 

(iii) Control rods: Boron or cadmium steel rods are used as 
control rods. These rods absorb neutrons and thereby control the 
rate of fission, eg., 

+ zHe"* 

(iv) Cooling system: Liquid alloy of sodium and potassium 
is used as coolant; it takes away the heat to the exchanger. Heavy 
water, polyphenyls and carbon dioxide have also been used as 
coolants. 

(v) Shielding: The reactor is enclosed in a steel 
containment vessel, which is housed in a thick-walled concrete 
building. Operating people are protected by a shield of 
compressed wood fibres. 

Nuclear reactors are used: 

1. To produce and It is predicted that our 

limited supply of will last only another 50 years. However, 
non-fissionable and ^^^Th are plentiful and can be 

. converted into ^^*Pu and This conversion can be done in 
special type of reactors called breeder reactors. These reactors 
not only produce large quantities of heat firom fission but also 
generate more fuel than they use because neutrons are absorbed 
in a thorium or uranium blanket to form U and Pu. This 
type of reactor requires the use of fast neutrons; no moderator is 
needed, but control is more difficult. Heat must be transferred 
very efficiently because melts at a relatively low 

temperature of 640°C. The process in which non fissile Nuclei 
^92 U and Th are converted to fissile nuclei in breeder reactors 

is given below; 

238 ttj- . 239 IT 239t,t_ "P'. 239 n.. 

92U+o.n " > 92U > 93NP > 94 

232 Tn. I'l.. , 232 TT, . 233 n„ 233 ti 

9QTh + qK-> 901*2 > 91P 3 -> 92 U 
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2. To produce a strong beam of neutrons: These neutrons 
are used for making various isotopes which do not occur in 
nature. For example i j|P and 27 Co are produced from the 
following nuclear reactions: 

, 32p 

, 32p_^ljj 

27 Co + on -> ®Co 

The non-radioactive isotope is taken in aluminium capsule 
which is placed inside the aluminium ball. The ball is rolled into 
the reactor where it is bombarded by neutrons slowed down by 
paraffin wax. The bombardment is continued for required period, 
which varies from element to element. 

(c) Power plant (to generate electricity): The heat produced 
is utilised in generating steam which runs the steam turbines. The 
electric generator is connected to the turbine. The electric power 
is obtained from the generator. The atomic reactor when used for 
production of electricity is termed power plant. 

The first nuclear reactor was assembled by Fermi and his 
co-workers at the University of Chicago in the United States of 
America, in 1942. In India, the first nuclear reactor was put into 
operation at Trorabay (Mumbai), in 1956. 



Fig. 3.10 Power plant: Application of nuclear fission for the 
production of electricity 

3.16 NUCLEAR FUSION 


called thermonuclear reactions. Fusion reactions are highly 
exothermic in nature because loss of mass occurs when heavier 
nuclei is formed from the two lighter nuclei. To initiate a fiision 
reaction is difficult, but once it is started, its continuity is 
maintained due to huge release of energy. Some examples of the 
fusion reactions are given below: 

?H+ fH-> 2 He + 24.9 MeV 

?H+fH -> |He + 2 J,n + 11.0MeV 

{H + ^ ^He + 20.0 MeV 

fH+fH -> ^He+J,n +17.8 MeV 

^Li+ JH-> 2 ^He+ 17,7 MeV 

Hydrogen bomb is based on fusion reactions. Energy released 
is so enormous that it is about 1000 times that of an atomic bomb. 
In hydrogen bomb, a mixture of deuterium oxide (DjO) and 
tritium oxide (TjO) is enclosed in a space surrounding an 
ordinary atomic bomb. The temperature produced by the 
explosion of the atomic bomb initiates the fusion feacfibiT 
between j H and j H releasing huge amount of energy. The first 
hydrogen bomb was exploded in 1952. So far, it has not been 
possible to bring about fosion under controlled conditions. 

It is believed that the high temperature of stars including the 
sun is due to fusion reactions. Bethe and Weizsaeker, in 1939, 
proposed that a carbon-nitrogen cycle is responsible for the 
production of solar energy in which hydrogen is converted into 
helium. The cycle is: 

'^c+ 1 h—> '?n+y 

13 XT , 13^ , 0 „ 

7 N-> gC + 

’^C+ jH-3 '^N + y 

’^N+ Jh-> '^0 + Y 

15 vlSxT. 0^ 

gO > 7 N+ +]£ 

- )'^C+^He + Y 

or, 4 |H-> 2 He + 2.+‘!e+24.7MeV 

'g C acts as a kind of nuclear catalyst. 

E. Saltpeter, in 1953, proposed a proton-proton chain 
reaction: 

1 H+!h -)fH+^.V + Y 

fH+{H ->^He + Y 

^He+ |H- >^He+ °^e + y 


A nuclear reaction in which* two lighter nuclei are fused 
together to form a heavier nuclei is called nuclear fusion. In 

such a process, more stable nuclei come into existence as binding 
energy per nucleon increases (see sec. 2.23). A fusion reaction is 
difficult to occur because positively charged nuclei repel each 
other. At very high temperatures of the order of 10® to 10’ K, the 
nuclei may have sufficient energy to overcome the repulsive 
forces and fuse. It is for this reason, fiision reactions are also 


4{H->^He + 2 ^'5e + 24.7MeV 

As a potential source of commercial electrical power, the 
fusion process has several advantages over the fission reaction, 
(i) The quantity of energy liberated in the fusion is much greater 
than in fission, (ii) The products of fusion are non-radioactive. 
Fission produces many unstable radioactive products. Fission 
reactors, therefore, pose a waste-disposal problem. 
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Difference between Nuclear Fission and Nuclear Fusion 


Nndear Fission ! 

Naclear Fngfoa 

(i) This process occurs in This process occurs in lighter 

heavy nuclei. 

nuclei. 

(ii) The heavy nucleus splits 

The lighter nuclei fuse together to 

into lighter nuclei of 

form a heavy nucleus. 

comparable masses. 


(iii) The binding energy per 

The binding energy per nucleon 

nucleon increases. 

increases. 

(iv) This ruction occurs at 

This occurs at a very high 

ordinary temperature. 

temperature. 

(v) The energy liberated in one 

The energy liberated in one fusion is 

fission is about 200 MeV. 

about 24 MeV. 

(vi) This can be controlled. 

This cannot be controlled. 

(vii) Products of fission are 

Products of fusion are usually 

usually unstable 

stable and non-radioactive in 

radioactive in nature. 

nature. 

(viii) Percentage efficiency is 

Percentage efficiency is high. 

less. 

% efficiency 

% efficiency 

= 100=0.09 

100=0.38 

5x931 

236x931 

[fH+ ?H^lHe+ In 


+ 17.8 MeV] 

(ix) The links of fission 

The links of fusion reactions are 

reactions are neutrons. 

protons. 


3.17 SYNTHETIC ELEMENTS INCLUDING 
TRANSACTINIDES 

Elements 43 (technetium), 61 (promethium), 85 (astatine) and all 
elements with Z > 92 do not exist naturally on the earth, because 
no isotopes of these elements are stable. The elements coming- 
after uranium (Z = 92) are named transuranic or transuranium 
elements. The actinide series which starts with the element 
thorium (Z = 90) is complete at the element lawrencium 
(Z = 103). The elements with Z= 104 -112 have been reported 
recently and are transition (c?-block-fourth series) elements. 
These are called transactinides or super heavy elements. After 
the discovery of nuclear reactions early in the twentieth century, 
scientists between 1937 and 1945, set out to make the missing 
elements, i.e., technetium, promethium and astatine and three 
members of the actinide series, neptunium (Z = 93), plutonium 
(Z = 94) and americium (Z = 95) The missing elements and all 
the elements above atomic number 92 are called synthetic 
elements as these have been synthesised by artificial 
transmutation, i'.e., by nuclear reactions. The credit for the 
discovery of most of the transuranic elements goes to Seaborg. 

Much less is known about synthetic elements as these are 
radioactive and short-lived. This is also due to their limited 
availability. The production of synthetic elements requires 
binuclear reactions between two positive nuclei that must be 
fused together against the force of electrical reptdsion. Nuclear 
accelerators were used for this purpose. High energy deuterons 
were used to increase the atomic number of target nuclei by one 
unit. 
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|Mo + |H- >iTc+'n 

23|U+fH -^%lNp + 2 ‘on 

Elements 93 and 94 were produced using neutrons (obtained 
during fission) instead of accelerated positive nuclei. Neutron 
capture by followed by P-emission gives isotopes with mass 
number 239. 

238 T T 1 t .. . 239 T T ^ . 239 XT.. ^ . 239 n.. 

92 U+ qH-> 92 U-> 93 NP-> 94 PU 

^ 94 Pu is an a-emitter with half life of 2.4 x 10'’ years. 

Americium is formed in a similar way. 

As Z increases, the efficiency of nuclear reactions with 
neutron bombardment falls sharply. Instead, nuclides in the 
Z = 95 to 99 range are bombarded with beams of helium nuclei 
accelerated in tihe cyclotron to form nuclides with atomic^ 
numbers 96 to 101. 


239 

94 

Pu + 

|He- 

— > 

'SCm+ 

^gjAm-l- 

jHe- 


^■J^ 7 Bk + 2j,n 

1|Cm + 

jHe- 

—9 


249 

98 

Cf.-I- 

zHe- 


f|oFm + 2o» 

253 

99 

Es + 

|He- 


gfMd+ ‘on 


Beyond element with Z = 101, incTeasingly heavier nuclei are 
used as projectiles. These projectiles are accelerated by linear 
rather than circular accelerators. Examples of nuclear reactions of 
this type are the following; 

->“^No + 4|,n 

^fgCf+'iB->fo'jLr + 6 ‘« 

“I U + '^N-> + 3|,« 

->f>m + 4‘« 

The superheavy elements have been discovered by 
bombardment with medium weight nuclei. For example, the 
elements with Z=107 and Z=109 have been obtained by 
bombardment of ^ggBi with accelerated ^Cr and HFs 

respectively. 

g2 Hi + 24^^-^ 107 ^0 ^ 

209 ta; , 58-r;^ ^ 266 tv ^ , I „ 

gsBn- 26^0 >iQ9Une+ qH 

The elements with Z= 104, 105, 106 and 108 have also been 
reported by the applications of the following reactions; 

^sCf+^iC - >f”Unq+4‘n 

2«Cf+‘|N-.fo“Unp + 4|,« 
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2«cf+'|0-.?o1Unh+4‘n 

'»®Pb+iFe->“8Uno+'on 


The elements up to 100 (fermium) undergo radioactive decay 
mainly by emitting a-particles or P-particles. The elements 
become increasingly unstable as the atomic number increases and 
nobelium has a half life of only three seconds. With these heavy 
elements, spontaneous nuclear fission becomes the most 
important method of decay. could become a valuable 

neutron source. 

The lUPAC names for the elements Z > 100 have been 


given below: 


101 Unnilunium 

Unu 

107 Unnilseptium 

Uns 

102 Unnilbium 

Unb 

108 Unniloctium 

Ueo 

103 Unniltrium 

Unt 

109 Unnilennium 

Une 

104 Umiilquadium 

Unq 

110 Ummnilium 

Uun 

105 Unnilpentium 

Unp 

111 Unununium 

Duu 

106 Unnilhexium 

. Unh 

112 Uminbium 

Uub 


Elements with an even number of protons in the nucleus are 
usually more stable than their neighbours with odd atomic 
numbers, i.e,they are less likely to decay. Also nuclei with both 
an even number of protons and an even number of neutrons are 
more likely to be stable. A nucleus is more stable than average if 
the numbers of neutrons or protons are 2,8,20,28,50, 82 or 126. 
These are called ‘magic numbers’ and can be explained by the 
shell structure of the nucleus. This theory also requires the 
inclusion of numbers 114, 164 and 184 in the series of magic 
numbere. The stability is particularly high if number of protons 
and the number of neutrons are magic numbers. Thus, 
very stable with 82 protons and (208 - 82) 126 neutrons. This 
suggests that nuclides as Uuq (Z = 114, A = 27^, Uuq (Z =114, 
A - 298) and Ubh (Z= 12^ ^4 = 310) might be stable enough to 
exist. Considerable efforts are being made to produce elements 
114 and 126 but the present techniques have so far only 
succeeded in producing unstable isotopes. The elements up to 
Z = 112 have been reported so far. 


iniMtiS OF OBJECTIVE QUESTIONS 


19. The radioactive isotope 27 C 0 which is used in the treatment of 
cancer can be made by (n, ;>) reaction. For this reaction, the 
target nucleus is; 

(a) iNi' (b) (c) iNi (d) gCo 

• IManipal (Med.) 2007|, 

[Ans. (c)] 


OHint: fNi + -^^?Co+jH] 


20 . *7N is attacked by doubly . charged_ helium ion, it emits a 

proton and: 

(a) '|f, (b) "O ' (c) '*0 (d) 

IJEE (Orissa) 2007) 

D^ns. (b)] 

Jlint: '7 N + ^He -> + 1H] 


21. A nuclear.reaction of ^||U with a neutron produces 35 Kr and 
two neutrons. Other element produced in this reaction is: 

(a) >”Te (b) >«Cs (c) '^’Ba ■ (d) 

(VITEEE 2007) 

[Ans. (d)] 

[Hint: %llJ + |« -> iKr + ““Ba + 2 |,«]. 

22. The product P of the nuclear, reaction 

I 2 U + + iKr + 3('o«)is ; 

(a) (b) * 5 ^>La (c) (d) I^Cs 

[JEE (WB) 2008] 

[Ans. (c)] 

[Hint; Let symbol of element is 2 F. 

92 = Z+36 
.-. Z = 56 
235 + l=M+92 + 3 ^ 

M=141 

Thus, the element P will be Ba ] 


3.18 APPLICATIONS OF RADIOACTIVITY 


(a) Use of Y-rays: y-mys are used for disinfecting food grains 
and for preserving foodstuffs. Onions, potatoes, fruits and fish, 
etc., when irradiated with y-rays, can be preserved for long 
periods. High yielding disease resistant varieties of wheat, rice, 
groundnut, jute, etc., can be developed by the application of 
nuclear radiations. The y-radiations are used in the treatment of 
cancer. The y-radiations emitted by cobalt-60 can bum cancerous 
cells, y-radiations are used to sterilize medical instruments like 
syringes, blood transfusion sets, etc. These radiations make the 
mbber and plastics objects heat resistant. 

(b) The age of the earth: The age of the earth has been 
estimated by uranium dating technique. The uranium ore (rock) 
which is found in nature is associated with non-radioactive lead 
which is believed to be the end product of radioactive 
disintegration of uranium. A sample of uranium rock is analysed 
for Uand Pb contents. From this analysis, let the quantities 
in mole be N = mole, Nq = mole + ‘“Pb mole. 


Applying disintegration equation, 

N 

At = 2.303 log ,0 — 


= 2.303 log 10 
= 2.303 log 10 


238 206pjj 

238 u 


The value of ‘P can be calculated by putting the value of X 

,. , . , ^ 0.693 

which is equal to-. 

hi2 

2.303 XL, 2 , r 206, 

t = — 


■So, 


0.693 


1 4- - 


’Pb 


238 


u 


Here ‘P corresponds to the age of earth which has been found to 
be 4.5 billion years. 
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Example 27. A sample of uranium mineral was found to 
contain and U in the ratio 0 /O.OO 8 ; 1. Estimate the age 
of the mineral {Half life of “* [/ w 4.51 x 10* years) 

2 303 ? 

Solution; We know that, t = - — log 

0.693 

Given, ti /2 = 4.51 x 10^ years 


206 


1 + • 


Pb 


238 


U 


Ratio by mass of ^®^Pb; 0.008:1 


Ratio by moles of Pb: : — = 0.0092 

. 206 238 


So, 


2.303x4.51x 10^ 

0.693 

2.303 X 4.51 X 10^ 

0.693 

10® = 0.05945X 10® years 

0.693 


log [1+0.0092] 


X 0.00397 


Hence, age of the mineral is 5.945 x 10^ years. 

(c) Radio carbon dating; By using the half life period of 
''*C, it is possible to determine the age of various objects. In 
living material the ratio of C to C remains relatively constant. 
When a tissue in an animal or plant dies, decreases because 
the intake and utilization of *''C do not occur. Therefore, in the 
dead tissue the ratio of '‘^C to would decrease, depending on 
the age of the tissue. Tire age of the dead tissue is determined in 
the following way. A sample of dead tissue is burnt to carbon 
dioxide and the carbon dioxide is analysed for the ratio of '“'C to 
From this data, the age of the dead tissue can be determined. 
Thus: 


N,= 
N = 


0.693 


, 14 


2.303 

t 

2.303 

t 


log 


log 


10 


10 


N 

N 




ri /2 of C' 

Ratio of C ''' / C in green plant or atmosphere 
Ratio of C ” / C in wood 


or 

. A^o Activity of green plant per unit mass 
iV = Activity of wood per unit mass 

Although, the method is suitable to a variety of organic 
materials, accuracy depends on the half life to be used, variations 
in levels of atmospheric carbon-14 and contamination. (The half 
life raoio ca 4 *'on was redefined from 5570 ± 30years to 5730 ± 40 
years by lUF^C), The rapid disintegration of carbon-14 
generally limits the dating period to approximately 50,000 years. 

Example 28. The an,aunt of isotope in a piece of 

wood is found to be one-fifth of that present in a fresh piece p/ 
wood. Calculate the age of wood. {Half life o/'"* C = 5577 years) 


Solution: We know that, f =log f—1 

0.693 KN ) 


Given, 

So, 


or 


5 

2.303x 5577, ^ 

t =--log 5 

. 0.693 

2 303 X 5577 

t = X 0.6989= 12953 years 

0.693 


Example 29. A piece of wood was found to have 
ratio 0.6 times that in a living plant. Calculate the period when 
the plant died. {Half life of C.= 5760 years) 

_ , . , , 2.303xt,,, , 

Solution: We know that, t =- — log — - I 

0.693 [n J 



t 


2.303x 5760 
0.693 

2.303x 5760 
0.693 



X 0.2201 


= 4213 years 


(d) Potassium-Argon method: The decay of radioactive 
potassium isotope to argon is widely used for dating rocks. The 
geologists, are able to date entire rock samples in this way, 
because potassium-40 is abundant in micas, feldspars and 
hornblendes. Leakage of Argon is however problem if the rock 
has been exposed to temperature above Of C. 

(e) Rubidium-Strontium method: This method of dating 
is used to date ancient igneous and metamorphic terrestrial rocks 
as well as limar samples. It is based on disintegration by beta 
decay of Rb to Sr. This method is frequently used to check 
potassium-argon dates, because the strontium daughter element is 
not diffused by mild heating like argon. 


Of OBJECTIVE QUESTIONS 


23. A wooden artifact sample gave activity of 32 P-particles per 
second while the freshly cut wood gave activity of 64 
P-particles per second in G. M. coiaiter. Calculate the age of 


the wooden artifact (tyj of ’‘*C = 5760 yrs) 

(a) 11520 yrs 


(b) 5760 yrs 

(c) 2880 yrs 


(d) 1440 yrs 

[Ans. (b)] , 



„ 0.693 

2.303 


[Hint: -= 


logic -rf 

hiz 

4ge 

vN ) 

0.693 _ 

2.303 

, r64j 

5760 

4ge 



r,^, = 5760yrs] 

24. The analysis of a rock shows that the relative number of Pb 
and atoms is Pb/U = 0.25. If of is 4.5 x 10® 
yrs, then the age of the rock will be: 

' 2.303 ,. ^ ia 9 \ I f 5^ 

(a) -(4.5 x 10 ) log — 

0.693 UJ 
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(b) 

(c) 

(d) 


2303 

0.693 

2,303 

0.693 

2303 

0.693 


(4.5 X lO’ 



(4.5 x10’) log (4) 
(4.5x10’) log |-| 


[Ans. (a)] 

[Hint: ^ = 0.25; 
U 


1 + 


Pb 

U 


3.25 


U+ Pb 


U 


1.25 


Es. 

N 


= 125 : 


1 

4 


Q.693 

0/2 

0.693 

4.5x10’ 


2.303 

t 

2.303 

4ge 

2303 

0.693 



(4.5x10’) log 



25. Assuming that about 200 MeV of energy is released per 
fission of ^92 U nuclei, then the mass of consumed per 

day in a fission reactor of power 1 megawatt will be 
approximately: 

(a) 10-^g (b)lg (c) lOOg (d) lOOOg 

[Ans. (b)] 

[Hint: 1 MW = itf^ x 24 x 60 x60 J 

K, u • 24x6x6x10* _ _ ,.21 

Number of fissions =-z-= 2.7 x 10 

200 xl0 ^xl,6x)0 ''’ 

Mass of uranium = 2.7 x 10^‘ x 235x 1.66 x 10"“ = 1.05 g] 

26. What is the binding energy of the hydrogen nucleus? 

(a) Zero (b) 13.6 eV 

(c) More than 13.6 eV (d) Infinite 
[Ans. (a)] 

[Hint: Nucleus of hydrogen has only one proton; hence its 
binding energy will be zero.] 

27. Which of the following is not the inyerse square law force? 

(a) Electric force (b) Gravitational force 

(c) Nuclear force 

(d) Magnetic force between two poles 
[Ans. (c)] 

[Hint: Nuclear forces are short range forces which do not 
obey inverse square law.] 

28. Lead is the final product formed by a series of changes in 

which the rate determining stage is the radioactive decay of 
uranium-238. This radioactive decay is first order with half 
life of 4.5 X lo’ years. What would be the age of a rock 
sample originally leadfree, in which the molar proportion of 
uranium to lead is now 1 : 3? [PET (Kef aia) 2006] 

(a) 1.5 xio’years . (b) 2.25 x lO’years 

(c) 4.5 X lO’ yeark (d) 9 xlO’ years 

(e) 13.5 xlO’years 
[Ans. (d)] 


[Hint: 


hi 2^' 


•238 


0.693 2.303 

t 

‘age 

2303 


0.693 

4.5x10® 


4, 


log 

log JO 


N 

4 


4ge = 9x10’years] 

(f) Use of radioisotopes (tracers): Tracers have been used 
in the following fields: 

(i) In medicine: Radioisotopes are used to diagnose many 
diseases. For example, arsenic-74 tracer is used to detect the 
presence of tumours; sodium-24 tracer is used to detect the 
presence of blood clots and iodine-131 tracer is used to study the 
activity of the thyroid gland. It should be noted that the radioactive 
isotopes used in medicine have very short half life periods. 

Y: This isotope is used in the treatment of joint effusion 


and arthritis. 

^’Fe: Used in the detection of anaemia. 

P: This isotope is used in the treatment of polycythaemia, 
thrombocythaemia, skeletal metastasis, prostate SR 
and breast SR. 

Nuclear Medicine Scan: It is an advanced nuclear 
technology used in diagnosis of dise^es. Magnetic Resonance 
Imaging (MRI), a diagnostic medical imaging technique utilizes 
the principle of nuclear magnetic resonance. The first images 
using magnetic resonance were published in early 1970s, and 
medical applications have accelerated in the world during the 
decade of 1983 to 1993. MRI is now a most versatile, powerftil 
and sensitive diagnostic imaging modality available. Its medical 
importance can be summarised briefly as having the ability to 
non-invasively generate thin section, functional images of any 
part of the body at any angle and direction in a relatively short 
period of time. MRI also visualizes the heart with exquisite 
anatomical detail at any angle and direction. 

The principle of MRI is applicable in human body because we 
are all filled with small biological magnets, the most abundant and 
responsive of which is the nucleus of hydrogen atom, the proton. 

Computerized Axial Tomography: Computerized Axial 
Tomography (CT or CAT), non-invasive diagnostic technique 
uses a- type of X-ray device that provides a clear view of soft 
internal organ tissues in the body. CT is used to diagnose various 
conditions, in particular cancer. A CT scan is the computer 
analysis of a sharply limited, thin X-ray beam pas'sdd 
circumferentially through an area of the body, producing a 
cross-sectional image, or slice. 

The modem CT scanner comprises five major parts. A 
high-speed X-ray tube cooled by oil, air and water forms the 
X-fay source. Its X-ray detector, normally a bank of about 1,000 
solid state-crystal microprocessois coated with caesium iodide, 
receives the attenuated X-ray signal as it passes through the 
various tissues and bones of the patient being examined. The 
signal is electronically converted to binary data, which is read by 
the computer—the heart of the CT imaging system. The CT has a 
gantry, a framework that is mounted in such a way that it 
surrounds the patient in a vertical plane, and contains a rotating 
sub-frame onto which the X-ray source and detectors are 
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mounted. A patient table (or couch) is positioned perpendicular 
and axial to the gantry so that it is able to travel along that axis. 

Topographic images are produced by using an X-ray source 
and a detector moving in a coupled way relative to the patient. In 
CT a thin fan beam of radiation rotates in a circular or spiral 
motion around the patient. Thousands of projected X-ray signals 
are reconstructed by computer algorithms to produce digital CT 
. images, displayed by a high-resolution monitor. In this way the 
whole body can be imaged from head to toe. 

Radiation Dosage in the Radiotherapy of Cancer 

Radiations and the particles emitted by radioactive nuclei are 
harmful for living organisms. These radiations cause genetic 
disorders by affecting DNA. 

Effect of biological radiations can be measured in terms of the 
unit called RAD. 

RAD = Radiation absorbed dose 

1 RAD = The radiation which deposits 1x10”^ J of 
energy per kilogram of tissue. 

In order to measure biological destruction by radiation, an 
other unit REM was introduced. 

REM = RADxRBE 

RBE = Relative biological effectiveness 

RBE for a-particle =10 unit 

RBE for P and y radiation = 1 unit 

RBE for neutron = 5 unit 

(ii) In agriculture: The use of radioactive phosphorus ^^P- 
in fertilizers has revealed how phosphoms is absorbed by plants. 
This study has led to an improvement in the preparation of 
fertilizers. ''*C is used to study the kinetics of photosynthesis. 

(iii) In industry: Radioisotopes are used in industry to 
detect the leakage in underground oil pipelines, gas pipelines and 
water pipes. Radioactive isotopes are used to measure the 


thickness of materials, to test the wear and tear inside a car engine 
and the effectiveness of various lubricants. Radioactive carbon 
has been used as a tracer in . studying mechanisms involved in 
many reactions of industrial importance such as alkylation, 
polymerisation, catalytic synthesis, etc. 

(iv) Analytical studies: Several analytical procedures can 
be used employing radioisotopes as tracers. 

1. Adsorption and occlusion studies: A small amount of 
radioactive isotope is mixed with an inactive substance and the 
activity is studied before and after adsorption. Fall in activity 
gives the amount of substance adsorbed. 

2. Solubility of sparingly soluble salts: The solubility of 
lead sulphate in water may be estimated by mixing a known , 
amount of radioactive lead with ordinary lead. This is dissolved 
in nitric acid and precipitated as lead sulphate by adding 
sulphuric acid. Insoluble lead sulphate is filtered and the activity 
of the water.is measured. From this, the amount of PbS 04 still 
present in water can be estimated. 

3. Ion-exchange technique: Ion exchange process—ofr 
separation is readily followed by measuring activity of 
successive fractions eluted from the colutim. 

4. Reaction mechanism: By labelling oxygen of the water, 
mechanism of ester hydrolysis has been studied. 

R — C:^ +HOH——CT* +R'OH 
^OR' OH 

5. Study of efficiency of analytical separations: The 
efficiency of analytical procedures may be measured by adding a 
known amount of radioisotope to the sample before analysis 
begins. After the completion, the activity is again determined. 
The comparison of activity tells about the efficiency of 
separation. 




Miscellaneous Numerical 





Example 1. One mole of A present in a closed vessel 
undergoes decay as: 


u- 


What will be the volume of helium gas collected at STP after 20 
days (ti /2 of A = \Qdays)? 

Solution: We know that, 

N = Nq j where, N = remaining mole of A 
1 3 

iNuuibcr of decayed moles = 1 — = — 

4 4 

Number of molts of helium formed 

3 3 

= 2 X number of deca-'^ed moles of A = 2 x — = - 

4 2 
3 

Volume of helium at STP = - x 22.4= 33.6 litre 

2 


Example!. I has half life period 11)3 hour. After 79.S 
hour, what fraction of I will remain? jCBSE (PMT) 20051 

, r 

Solution: N=Nq 

No UJ "64 

Example 3. A sample of CO 2 was to be mixed with, 
ordinary CO 2 for a biological b'acer experiment. order that 
10^ crn^ of the diluted gas at NTP should have lO"* dis/min, how 
many ^^Ci of radiocarbon-\^ are needed to prepare 60 L of the 
diluted gas? 

Solution: 10 cm^ of the diluted gas at NTP 

= lO"* dis/min = dps 
60 

60 L (60,000 cm ^) of the dilute gas at NTP 
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10^ X 60,000 , 

=-dps 

60x10 

Thus, no. ofpCi of *'’C02 needed 
10^x60,000 
60x10x3.7x10'* 


(lpCi = 3.7x10“* dps) 


= 27.03 pCi 

Example 4. A radioactive nuclide is produced at a , 
constant rate of 'a ’per second. Its decay constant.is X. I/Nq be • 
the number of nuclei at time t = 0, then what will be the : 
maximum number of possible nuclei? . > 

(a) - (b) No+ - (c) No (d) - + No 

A A a 

Solution: Maximum number of nuclei will be present when 

Rate of decay = Rate of formation 

- XN=a 

•or. N =— ... 

X 

Example 5. The half life of ^^^Pb is 10.6 hour. It under¬ 
goes decay to its daughter {unstable) element ^^^Bi of half life 
60.5 minute. Calculate the time at which the daughter element 
will have maximum activity. 


Solution: 


10,6 X 60 


■= 1.0896X 10“ ^ min' 


11.45x10'^ min“' 


(11.45X 10“^ - 1.0896X 10“^) 


11.45X 10~- 
1.0896 X 10“ 


Number of moles of ^®Pb = 


Applying the relationship. 


log 1 + 


^^x4.5xloMog 1+^ 

0.693 ■ 1 


= 7.098 X 10* years 

Example 8i Calculate the mass of C *'* {half life = 5720 
years) atoms which give 3.7 x 10^ disintegrations per second. 

Solution: Let the mass of *“* C atoms be m g. 

Number of atoms in /h g of *‘*C = — x 6,02 x 10^^ _ 

14 


half life 5720x 365x24x60x60 
dN ^ T, 


^ 3.84 X 10“*^ sec“* 


We know that, 


■ = X-N 


x-^ x 6.02x10*^^ 


i. e., Rate of disintegration = X x no. of atoms 

3.7x10’ =-- x5x6.02x10*’^ 

5720X 365x.?,4-^'6Ctx 60- 

_ 3,84 X 10“*^^ xfhiHM 

14 ■ - 

So, m=2.24xl0““* g 

Example 9. Prove that time required for 99.9% decay of a 
radioactive species is almost ten times its half life period. 

. 117 1 i 2.303, Nn 

Solution: We know that, t =-log —^ 

X N 


= 227.1 min 

Example 6. A radioactive isotope is being produced at a 
constant rate x. Half life of the radioactive substance is 'y After 
sometime, the number of radioactive nuclei becomes constant, 

the value of this constant is . 

Solution : At the stage of radioactive equilibrium. 

Rate of formation of nuclide = Rate of decay of nuclide 
x = XN 

X {ln2)/y In 2 

^ Example7. by successive radioactive decay 

changes to ^%Pb. A sample of uranium ore was analysed and 

found to contain 1 .Og o/ Uand 0.1 g o/ ^^Pb. Assuming that 
all Pb has accumulated due to decay of U, find the age of 
the ore {half life of yrs). 

" Solution: Number of moles of U = —^ 

238 


No = 100, N = (100 - 99i0) = 0.1 

'y ^ 0 ”^ 100 

So, Time required for 99.9% decay, t = . log — 

. 2.303 

=-X 3 

X ■ 

Half life period = 

Time required for 99.9% decay _ 2.303 x 3 ^ X 
Half life period X 0.693 

= 10 

Example 10. Half life of a radioactive substance A is two. 
times the half life of another radioactive substance B. Initially the 
number of nuclei of A and B are and Ng respectively. After 

three half lives of ‘A’, number of nuclei of both become equal. 

The ratio of—— will be: 

Ng 
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(.,i 




(C)] 




Solution: We know that, the amount remaining after n half 
lives can be calculated as: 

N = N,\~ 


Remaining amount of ^ | - 


Remaining amount of B = Ng 


rr" 


N. 


2, 

E± 

Nb 


■■N 


- 1-1 
64” 8 

19S 


. Etample 11. 1.0 g o/ 79 An (ty 2 = 65 hours) decays by 

Remission to produce mercury. 

(a) Write the nuclear reaction for the process. 

(b) How much mercury will be present after 260 hours? 


Solution: (a) 79 AU 


80 


Hg + 


260 


(b) No. of half lives in 260 hours =-= 4 

65 

nV 1 

Amount of gold left after 4 half lives = I “ I “ ^ 8 
Amount of gold disintegrated = 1 - ^ g 

Amount of mercury formed = = 0.9375 g 

Example 12. Calculate the probability (P) of survival of a 
radioactive nucleus for one mean life. 

Solution: Probability for survival = = e^^‘ 


t = mean life = 
Probability = e 


1 


X 

-Xxl/X _ 2 
e 

Example 13. 1 milligram radium has 2.68 x 10** atoms. 
Its half life period is 1620 years. How many radium atoms will 
disintegrate from I milligram of pure radium in 3240years 7 


Solution: No. of half lives in 3240 years ^ 


3240 
1620' 


Amount of radium left after two half lives = 1 x 


. 2 , 

= 0.25 mg 

Amount of radium disintegrated = (1 - 0.2.5''="0^5 mg 


No. of atoms which have disintegrated = 0.75 x 2.68 x lO'* 

= 2.01x10** 

Example 14. A certain radioisotope {Half life = 10 
days) decays to ^Ig atom of ^Xis kept in sealed vessel, 

how much helium will accumulate in 20days? 


Solution: 




z-i 


In two half lives, - of the isotope | X has disintegrated, i. e ., 

4 

3 3 

- g atom of helium has been formed fl*om — g atom of 7 X. 

Volume of 1 g atom of helium = 22400 mL 

3 3 

So, Volume of — g atom of helium = - x 22400 mL 

4 4 

= 16800 mL 

Example 15. Binding energy per nucleon of\H and \fie 
are 1.1 MeV and 7 MeV respectively. Calculate the amount of 
energy released in the following process: 

fn+^H - 

Solution: Amount of energy released 

= S Binding energy of products 
- S Binding energy of reactants 
= [4x7]-[4xl.l] 

= 23.6 MeV 

Example 16. Calculate the energy associated with the 
following nuclear reaction: 

, 25 . 


f^Al + f// 

26.9815 omu ZOlAl amu 


12 


Mg 


24.9858 amu 


I He 

4.0026 amu 


Solution: Mass defect = (26.9815+ 2.0141) 

-(24.9858+4.0026) 

= 0.0072 amu 

Energy of the reaction = 00072 x 931 MeV 
= 6.70 MeV 

Example 17. A radioactive isotope z^”' ihii -1 0 days) 
decays to give stable atom alongwith a-particles. If 

mg of'A 'are taken and kept in a sealed tube, how much 'He 'will 
accumulate in 20 days at STP? 

' Solution: zA’” -> ""‘^ + 3 [ 2 He^] 

Mole of ^ = — = 1 
m 

Number of half lives = 20 /10 = 2 


N = N, 
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Solution: 


Decayed moles = l- l/4 = 3/4 
Moles of ‘He’ formed = 3x3/4 = 9/4 

Volume of ‘He’ at STP = 22.4 x - 

4 

= 50.4 litre 

Example 18. J sample of pitchblende is found to contain 
50% uranium and 2.425% of lead. Of this lead only 93% was- 


isotope. If the disintegration constant is 1.52 x 10 “ yr 


10 


„-i 


how old could be the pitchblende deposit? 

238 _ 50 


Solution: Moles of U 


Moles of Pb ^ X - 


100x238 
93 


2.1x10 


-3 


100 lOOx 206 


0.109 xlO" 


Vo =(x+>')=2.1xl0'^ +.0.109x10"^ =2.209x10” 


N-- 


= 2.1x10” 


1.52x10 


-10 


2.303 

t 

2.303 


log 


log 


N 


2.209x10" 


t 2.1x10”" 
r = 3.3x10* years 

Qn inalysis, a sample of uranium ore was 


206 


and 1.661 g of The 

■ If 

what is the age of 


Exan .19 

found to contain 0.211 g of gjfb 
half life period ofU is 4.5 lx 10® yrs. If all the lead were 


assumed to have come from decay of gjU 
the earth? 

1.667 


Solution: 


Moles of =■ 


206 


and 


Moles of Pb 

N-- 

2.303, Vo 

=-log —^ 

X N 


238 

0.277 

206 

1.667 0.277 


238 

1.667 

.238 


206 


2.303 X 4.51 X 10^ 
0.693 

= 1.143 X10® ye^s 

40' 


log 


10 


1.667 ^ 0.277 
238 206 


1.667 

238 


Example 20. '''' consists of 0.012% potassium in 

nature. The human body contains 0.35% potassium by weight. 


Calculate the total radioactivity resulting from ^gK decay in a 
75 kg human body. Half life of x^K is 1.3 x 10® years. 


Weight of radioactive potassium = 


75000 x 0.012 0.35 


A 0-693 

Activity =-x 


Weight 


‘ 1/2 


Activity = - 


Atomic weight 
0.693 


100 100 
= 0.0315 g 

x Avbgadro’s number 
0.0315 


1.3 X 10'' X 365x24x 60 


40 


- X 6.023 X 10' 


.23 


= 4.81x10^ dpm 

Example 21, The sun radiates energy at the rate of 
4 X 10^® J sec”'. If the energy of fusion process is 21 MeV, 
calculate the amount of hydrogen that would be consumed per 
day for the given process. 


4 IH- 


-4^Ve + 2?e 


27 MeV = 27 X 10* X 1.6 X 10”'®' 


Solution 

= 43.2xlO”'^J 
Energy radiated by the sun per day 

= 4x10“ X 3600x24 J day”' 

= 34.56x10^® J day ■' 


43.2x10' 


•13 


34.56 X 10^® J of energy is obtained from 


J of energy is obtained from 
= 4 amu of H 
= 4x1.66x10”“ g of H 


4x 1.66x 10 


-24 


-X 34.56 X lo¬ 


se 


43.2 X 10”'^ 

= 5.31x10*® g 

Example 22. A radioactive isotope X with half life of 
1.37 X 10® years decays to Y, which is stable. A sample of rock 
from moon was found to contain both the elements X and Y in the 
ratio 1; 7. What is the age of the rock? 

Solution: We know that, 


0.693 2.303 


hi2 
0.693 
1.37 X io®- 

^age 


log 


age 

2.303 

^age 


< V 


log 


10 


l-t-7 


= 4.1 lx 10® years 


Example 23. A sample of radioactive substance shows an 
intensity of 2.3 millicurie at a time ‘t’ and an intensity of 1.62 
millicurie, 666 seconds later. What is the half life period of the 
radioactive material? 


Solution: 


2.303 


log 


V 




0.693 _ 2.303 ^ f 2.3 
ti/2 600 °®U.62 

^,/2 = 1187 seconds 
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Example 24. What mass of ^^^Ra, whose ~ 1620 j'rs 
will give the activity of I millicurie? 


Activity = 9:^1 x ——— x 6.023 x 10^^ 


3.7x10'' = 


t ,/2 At. wt. 
0.693 


1620x365x24x3600 226 


x — x 6.023 X 10“ 


so 


w= 10 g 


Summary and Important Points to Remember 


1. Radius of nucleus is calculated as: 


R = Ro A 


1/3 


where, Rg = 1.1 x 10 m, = Mass number of nucleus 
Area of cross-section of a nucleus is expressed in bams 
(1 bam = lO”^'^ cm^). 

3 X Mass 


2. Nucleus density p = - 


4nRn 


Density of all nuclei is constant, nuclear density is very large 
(= lO’’ kg/m^) compared to atomic density (= 10 ^ kg/m^ ). 

3. 1 amu = 1.66x 10~^’kg 

In terms of energy, 1 amu = 931.5 MeV 

4. Rate of radioactive decay is given as: 


Rate = X X - 


Mass 


Atomic mass 


X 6.023x10^^ 


0.693 


w 


X 6.023x10^^ 


■tl /2 . At.wt. , 

(i) Radioactivity is the phenomenon of spontaneous 
emission of certain radiations. It was discovered by 
Henri Becquerel in 1895. 

(ii) Marie Curie and her husband Piere Curie isolated 
two radioactive elements polonium and radium. 
Radium is 2 million times more reactive than 
uranium, it is the most radioactive element. 

(iii) Radium and polonium were isolated from 
pitchblende (U 3 O 8 ). 

(iv) Francium is a liquid radioactive element in natural 
state. 

(v) Radon is a gaseous radioactive element in natural state. 

(vi) ^92 U is the heaviest known natural element and it is 
radoactive. 

(vii) a-particles evolved from radioactive elements 
possess energy up to about 10 MeV. They can 
penetrate an aluminium sheet of 0.02 cm thickness. 

(viii) P-rays can penetrate an aluminium sheet up to 0.2 cm 
thickness. 

(ix) y-rays are high energy electromagnetic radiations of 
short wavelength of the order of 10 pm. These are 
highly penetrating rays; they can penetrate up to 100 

- cm thick aluminium sheet. 

(x) After y-decay, the daughter nuclide is the nuclear 
isomer of parent nuclide which differs in half life. 


(xi) Potassium uranyl sulphate K(U 02 )(S 04)2 was the 
first compound found to be radioactive. 

(xii) Tritium His the lightest radioactive element. 

5. Units of rate of decay: 

1 curie (Ci) = 3.7 x lO'® dis sec 
• 1 millicurie (mCi) = 3.7 x lO’ dis sec 

1 microcurie (pCi) = 3.7X 10'^ dis sec”* 

1 rutherfqrd (Rd) = 10® dis sec”* 

1 millicmie (mCi) = 37rutherford 
1 becquerel (Bq) = 1 dis sec ”* 

6 . Kinetic equation of radioactive decay: 


-Xi 


N = Noe 
, 2.303, 

^ = ——logic 


-N 


(Exponential form) 
(logarithmic form) 


X = Decay constant 

Nq = Initial amount of radioactive element 
N = Amount remaining after time ‘ t' 

_ „ , 0.693 

7. Half life ti /2 =- 

X 

Average life t = -^ = 

X 0.693 

T= 1.44 X ti/2 

8 . Amount remaining after ‘n’ half lives can be calculated as: 

'I ■ 

Total time 




Halflife 

(i) A radioactive element undergoes 50% decay in one 
, half life. 

(ii) The time in which 63.2% radioactive element 
undergoes decay is called average life t. 

(iii) The radioactive element undergoes 99.9% decay in 
10 times of half life. 

(iv) An element undergoes 75% decay in twice of the 
half life. 

(v) Total life span of a radioactive element is infinite. 
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9. 


Some radioactive elements undergo a and p-decay in parallel 
path. 


227 

89 


Ac< 


K, 




-> ^f7Fr + jHe 


227 

90 


Th + 


Overall decay constant K = Ky + K 2 

Fractional yield of Fr = ^ 

K 


Fractional yield of Th = 


K 


10. At equilibrium, 

A - 

Amount of‘y4’_ _ tyiB , 

Amount of ‘ X^ /j/j A 

11. If an element undergoes simultaneous a and P-decay, then 

V+'tp 

12 . a-particles and y-rays have line spectra, but p-particles have 
a continuous spectrum. 

13. Geiger-Muller counter is used for detecting a and 
p-particles, cloud chamber is used for detecting radioactive 
radiations and for determining their paths, range and 
energy. In scintillation counter, the particles of radiations 
are detected by the flashes of light produced in the 
scintillator. 

14. In every nuclear reaction representing transformation of one 
nucleus to other, the conservation of charge number, 
nucleons, energy and linear momentum is followed. 

15. a-emission takes place when n!p ratio is lower than required 
for nuclear stability. 

4 {H—^ ^He + 2e] + energy 

a-particle emission shifts the daughter element two positions 
left in the periodic table. 

(Here, A and B are Isodiapheres to each other.) 

16. P-emission takes place when nip ratio is higher than the 
required value for nuclear stability. 

0 n ——> {H + + antineutrino + energy 

Emission of P-particles increases the atomic number by one 
hence, the daughter element occupies one position right to 
the parent element. 

Here, A and^ B are isobars; thus P-emission is isobaric 


transformation. 

17. In artificial radioactive elements, positrons are evolved 
when nip ratio is lower than the required value for nuclear 
stability. 


} H-> Q« ■+ + neutrino + energy 

Positron emission and A-electron capture are similar 
because both processes lower the number of proton by one 
unit. 


18. 


M 

Zl 




(xa,yti) 

-> 



Number of a-particles ‘x’ 


■My -M2 

4 


... (i) 


Number of p-particles can be calculated using the following 
relation: 


Zj - 2 x + y = Z 2 ... (ii) 

19. There are three natural and one artificial decay series: 

Uranium series (4n + 2) 


238 

92 


u- 


(ga, 6^) 


206 

82 


Pb 


232 

90 


Th 


Thorium series (4n) 


235 Tj 
92 


(6a, 4p) 

Actinium series (4n + 3) 


208 

,82 

207 

82 


Pb 


Pb 


(7a, 4P) 

Artificial series is also called neptunium series: 

(4« + !) 


237 -KT 

93 Np ■ 


II Bi 


(7a, 4(3) 

20. If both parent and daughter elements belong to actinide 
series (89-103) then they will belong to same group, i.e., 
third group. 


238 

92 


U 


He- 


234 

90 


Th 


3rd group 3rd group 

a<^<y 

2 1. -> Increasing penetrating power 

a>(3 >Y 

-^ Decreasing ionising power 

a>3>Y 

-> Decreasing luminosity on ZnS screen 

22. Emission of one ‘a’ and two ‘P’ particles form an isotope of 
the parent element: 

f^-2"He-2Lfe]— 

23. There are only 81 stable elements having one or more 
non-radioactive isotopes. 

24. No stable isotope exists for the elements above ^^3 Bi. Thus, 
bismuth is the heaviest stable element. 

25. Two elements earlier than bismuth (Tc and Pm) are 
radioactive. 


Isotope 

Use 


Cancerous tumour detection and treatment. 

131i 

Detection and treatment of thyroid 
disorders. 

59 Fe 

Anaemia. 

32 p 

Leucaemia and agriculture research. 

^'‘Na 

Location of blood clots and circulatory 
disorders. 

’^As 

Detection of presence of tumours. 

90y 

Treatment of joint effusion and arthritis. 
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'^O Used in the study of mechanism of 
photosynthesis. 

Radioactive Brain scan, 
technetium 


Note; Radioactive isotopes of carbon, chlorine and nitrogen 
are also used in the study of various reactions. 

27. Radiocarbon dating: This method is used to determine 
age of wood. 


K = 

0.693 _ 

tyi'C 

No = 
N = 


2.303 

t 

2.303 

^age 


log 10 
log 10 


[N y 


''’O in freshly cut wood or in the atmosphere 
or activity of freshly cut wood. 

in the given sample of wood or activity 
of given sample of wood. 


28. Uranium dating or rock dating: It is used to calculate the 
age of a sample of rock and mineral, i. e,, before how many 
years it was separated from the fire ball of earth. 


0.693 


‘ 1/2 


2.303 

t 

2.303 , 


log 


10 


238 u 

lage 

iVo = 


U38 

N = 

W 



238 


kN 

'El 

N 


•‘SlO 

w 

206 


where, W = amount of uranium in the sample 
w = amount of in the sample 


29. The force which binds the nucleons together in the nucleus is 
called nuclear force. These forces are short range forces 
operating over very small distances (I fermi, 10 "'^ m). 
Nuclear forces are 10^' times stronger than electrostatic 
forces. 

30. Hideki Yukawa of Japan discovered mesons in 1935. 
Protons and neutrons are held together by their fast mutual 
exchange. 

jH+>- 

J,«+^“7C->}H 

iH+gn— 
ln+l\i - 

3L Artificial nuclear transmutation: Conversion of one 
element to other by bombardment of a stable element with 
high speed subatomic particles. The first artificial 
transmutation was achieved by Rutherford in 1915 when he 
bombarded '7 N with a-particles emitted by Po. 

‘^N+ ^He-> ’^0+ {H 

f’Al+J,H->f|Mg+|H 


The nucleus bombarded is called target; the particles used 
for bombarding are called projectiles and the particles 
emitted are called subsidiary particles. 

32. Particle accelerator; Various particle accelerators are 
used to give projectiles like protons, deuterons, a-particles 
and other cationic projectiles having sufficiently high kinetic 
energy to overcome the electrostatic repulsions of the target 
nuclei. Commonly used particle accelerators are linear 
accelerators, cyclotron and synchrotron. Synchrotron is used 
as proton accelerator. 

33. Reactions of nuclear transformation are represented as: 

^Be + ^He-> or ^Be (an) 

Na + 1H-> Mg-+ or Na {pn) f|Mg 

A 1 + \n -> ffNa + ^He or fjAl (na) i^Na 

34. Artificial radioactivity was first studied by Irene Curie. In 
this process, a stable nucleus is converted to radioactive 
isotope on bombardment of suitable particle^'Radioactive 
isotope produced undergoes artificial decay. 

fsAl+^He-> ”P +o« 

Stable ' Unstable 

*P- ^^“Si+^fe (r ,;2 = 2.55min) 


35. 


Nuclear fission is the process in which a heavy nucleus 
breaks up into two smaller nuclei on bombardment with 
neutrons. Energy is released in the process of fission along 
with freshly prepared neutrons. 


235 

92 


u+ 





sgSr + l\n 

^^Rb + 2 J,« 


Mass defect of the reaction is converted to huge amount of 
energy. 

Am (Mass defect) = S Masses of reactants - S Masses 

of products 

Energy released = Amc^. 


If mass defect is 1 amu then 931.5 MeV energy is released. 

36. Critical mass: It is the minimum mass of fissionable 
material required that will lead to a self-sustaining chain 
fission reaction. For ' ,3 U, the critical mass is between 1 to 

100 kg. 

37. The material which directly undergoes fission is termed as 
fissile material such as U, “^^Pu and U. The material 


which can be converted to fissile material is termed fertile 
material such as U and ^||Th. 

38. Breeder reactors not only involve the fission of Ubut also 
converts fertile material into fissile material, eg., is 
converted to Pu: 


. 239 T T 

92 u- 




^ ^|® 4 Pu 


238 Tf I I 
92 U- 1 - qH 
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39. Nuclear fission is a chain reaction. If it is uncontrolled, 

explosion occurs as in the atom bomb. Two or more pieces of 
fissile material (^^^ l|or having subcritical mass are 

brought together r^idly by means of conventional 
explosion. The suteritical masses combine to be 
supercritical and then chain fission starts, releasing laige 
amount of energy. 

40. The controlled chain fission reaction takes place in nuclear 
reactors. In these reactors the energy is used for peaceful 
purposes. The heat energy produced in the nuclear reactors 
can be used to generate electricity. A reactor consists of: 

(i) enriched facial U (2-3%). 

(ii) heavy water (DjO) or graphite moderator. It slows 
down the speed of fast moving neutrons. 

(iii) control rods made of boron and cadmium. Th®e 
rods absorb some neutrons and thereby control the 
rate of nuclear fission. 

(iv) liquid alloy of sodium and potassium is used as a 
■i- coolant. 

41. Nuclear fusion is the process in which two nuclei of light 
atoms fuse to form heavy nuclei with the liberation large 
amount of energy. 

fH+?H -» 2^6 + 23x10^ kJ/mol 

?H+ ?H-4 ^He+l,n +17.2x10® kJ/mol 

42. Fusion reactions are thermonuclear reactions which require 
very high temperature (10* K or more). 

43. Hydrogen bomb involves nuclear fusion. 


44. Energy of a star (sun) is due to nuclear fusion; this energy is 
called stellar energy. 

45. Hydrogen bomb is much more powerful than atom bomb and 
there is no restriction of critical mass in this bomb. 

46. Neutron activation analysis is a technique of finding the 
ti-ace amount of an element present with the other. The trace 
element is activated by bombarding with neutrons. It is a 
non-destructive method, e.g., traces of silver present in lead 
paintings can be detected by neutron activation analysis. 

47. Spallation reactions: It is similar to fission but differ in 
the fact that they are brought about by high energy 
bombarding particles or photons. A number of smaller 
particles are released along with tiie product, e.g., 

%lu+ ^He- >6 }H + 13 + ^^gRa 

48. The isotope J H has nip = 0 and J H has nip = 2 which is 

maximum. “— 

49. Only ^\c has zero packing fraction. Packing fraction is 
maximum for hydrogen and minimum for iron. 

Isotopic mass - Ma^ number . 

Packing fraction =--x 10 

Mass number 

Elements with negative packing fraction are stable b«:ause 
Mme of their m^s is converted to binding energy. 

50. ’I C is produced in upper atmosphere due to bombardment of 
cosmic ray neutrons on atmo^heric nitrogen. 
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uestions 
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Match the List-I and List-II and pick the correct answer from 

(c) Charge number is 

(r) Nuclear fusion 

the codes given below: 

(PMT (Kerala) 20061 

conserved 


List-I 

Llst-II 

(d) Mass of products formed 

(s) Nuclear fission 

(Atomic/Molecular 

(Corresponding pairs) 

is less than the mass of 


j species) 


reactants 


(A) J^topes 

•-J.' • 

1 . “iRa and’g|Ac ' 

[E] Match the Column-I with Column-II: 

(BV Ikibars 
’•.fC) Isotones 

2. ®Ar and f|K 

Column-I 

Column-II 

3. ’Handle 

4. “^U and’^giTh 

(a) a-rays . 

(b) P-rays 

(p) Radiations, undeviated 
in electric field 

(D) Isosters 

(q) Produced when 

(E) Isodiapheres 

5. CO 2 and N 2 O 


electrons strike metal 

(a) A—2, B—1, C~4, D—5, E—3 


surface 

(b) A—2,B—5,C—1,D-4, E—3 

(c) Y-rays 

(r) Highest deflection in 


(c) A—3,B—1, C— 2, D—5, E~4 

(d) A—5,B-^,C—1,D—2,E—3 

(e) A—5,B—3,C—l,I>-2,E--4 

2. Matrix Matching Problems (For IIT aspirants): 

[A] Match the Column-I with Column-II: . 

Column-I Column-II 

(a) Stability of nucleus (p) Depends on mass 

number 

(b) Density of nucleus (q) Packing fraction 

(c) Spin angular momentum (r) Binding energy per 

of proton nucleon 

(d) Dimensionless quantity (s) Independent of mass 

number 

[B] Match the Column-I with Column-II; 

Column-I Column-II 

(a) 2/3rd life (p) 63.2% decay 

(b) Average life (q) 75% decay 

(c) 1 /X (i-) 2 xri /2 

(d) Ten times of half life (s) 99.9% decay 

[C] Match the nuclear transformations of CoIumn-1 with the 
particles emitted of Column-II: 

Column-I Cotumn-II 


(a) Bi +^Ke¬ 


ep) Ih 
( q) jHe 


(b) ®Be + ^He-> '|C +... (q) ^He 

(c) |Mg (!,«...)?fNa (r) fH 

(d) “Na(fH...) fijNe (s)|,n 

[D] Match the Column-I with Column-II; 

Column-I Column-II 

(a) Binding energy per (p) P-decay 

nucleon increases 

(b) Mass number is conserved (q) a-decay 


(d) X-rays 


electromagnetic field 
(s) Nucleus of helium 


[F] Match the Column-I with Column-II; 

Column-I Column-II 


(a) a-emission 

(b) p-emission 

(c) y-emission 

(d) P'^-emission 


Column-II 

(p) Mass number changes 

(q) Atomic number and mass 
number are affected 

(r) Atomic number decreases 

(s) Atomic number increases 


3. Write the complete nuclear reactions; 
(a) ’Be + ^He -> '^C +. 


(b) 

(c) '^N+^He¬ 
ed) U + qW - 
(e) ’Li + Jj/i - 

mU +. 

(g) ‘ 7 N+{in¬ 
ch) ’Li +. 

(i) ?H +. 


^gSr + Xe + S on 


•2 2He+. 


«Np + . 


► “Be + Y" radiations 
’He+{,n 


(i) + 0 ” — 

(k) gAl + iHe- 


(k) gAl + 

( l ) “U+o« 


.+ ^%Te+tlZT 


(m) “Se- 


, + 2 


(IIT 2005) 
(IIT 2005) 


Write the particles'emitted from each nuclide in the following 
reactions: 

.(a) ^Th -- 3 ^i{Pa -> 

(i) (ii) 


(b) ^^’A 

(c) 

(d) I^P- 


(0 
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5, Find the atomic number and mass number of the last member 
in the following series: 

-ry —n —n —B 

226 T 


Ra 


Rn 


(a) 1 88 

M 

(b) z 

6 . Complete the following: 

-P 




^C- 


Ra /1 
-P 


-^D 


RaS-> RaC 


-^E 


(a) - 

—>Y 

(b) - 

-3 

— 


C 


84' 

7. Write the equations for the following transformations: 

(a) f,K{p,d)(b) (c) ??Na(a.p) 

(d) ^Be(a,«). 

8 . To which radioactive families do the following nuclides 
belong? 

-‘^Rn, 2^*Ra, ^°’Pb. »«Bi. “Pa. 


9, To which group of the periodic table does the last member of 
the following series belong? 

(a) 

III Group 

(b) '%Cs ^ Ba ’trLa ^ 'I'sCe 

I Group 

(c) ggRa > ggRn > g4Po 

II Group 

10. Name the process represented below: 

(a) + on-> ' 5603 + ^Kr + 3 ^« + 200 MeV 

(b) + ,^H-^ ^He + on +17.6 MeV 

(c) ICu + ^He + 400MeV-» f^Cl +14 jH + 16 \n 

(d) B + ^He-> '^7N + In 

1 . 13 r- , 0. 

. .-> 6 C + +1 e - .. 




1. (c) A-3,B-1,C-2,D^5, E-4 

2. [A] (a — p, q, r);(b — s);(c — s): (d — q) 

[B] {a-q,r);(b-p);(c-p);(d-iO 

[C] (a —s);(b--s);(c —p);(d —q) 

[D] (a-p, q, r, s);(b-p, q, r, s);(c-p, q, r, s);(d-p, q, r, s) 

[E] (a — s);(b — r);(c — p);(d — p, q) 

[F] (a-p,r)(b-s)(c~q)(d^q) 

3. (a) ^Be+ ^He-> 'jC + {,n; 

(b) fH-> ^He+ 

(c) '^N+ ^He-> '^0+ jH; 

(d) fU + ;,n-> “Sr + ‘^Xe + 3 U 

(e) ^Li + !,«-> 2 ^He + JJe; 

(f) “8u+ ^ -> "g^lNp + 

(g) '^N+;n->’6C+JH; 

(h) ]Li + {H-> |Be + y-radiations; 

(i) fH+i^H->^He+J,n; 

(j) ”a 1 + ’ n-> «Na + ^He; 

(k) 22Al + ^He-> SSi + iH; 

(l) “s|U + o«-» 2 {,« + ‘I^Te + “Zr; -> 

(m)“Se->||Kr + 2> 


4. (a) (i)P(ii)a (b)(i)a(ii)a (c) (i)P(ii)P (d)(i)+°e 

5. (a) Atomic mass = 214, Atomic number = 83 

(b) Atomic mass = M - 8 , Atomic number = Z - 2 
, - a -P 

r 238 V , 234V , 234 v 

6 . (a) 02 A > 90/ - > 91Z 

-P -3 

/l,^2l4 ,, ■ , 214 d ■ s 214^ 

(b) g2-d — > 83^ > 84 C 

7. (a) II K + {H-> fH (b) ' 7 N + |,n-> + }H 

(c) ?,^Na + ^He ^ ?|Mg + lH(d) |Be + zHe ’^C + J,n 

8 . ^^^Rn belongs to (4n + 2)family, f.e,,uranium family. 

Ra belongs to (4« )family, Le., thorium family. 

^®^Pb belongs to (4« + 3) family, i.e., actinium family. 

Bi belongs to (4n + 1) family, i.e., neptunium series. 

Pa belongs to (4 m + 1) family, i.e., neptunium series. 

9. (a) ^g^Pu belongs to actinide series, hence it is present in III 

^ group. 

(b) ’“* 5 ° Ce belongs to lanthanide series, hence it is present in III 
group. 

(c) ^g 4 Po belongs to VI group. 

10. (a) Nuclear fission (b) nuclear fusion (c) spallation reaction 

(d) artificial radioactivity. 
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Practice Problems • 




1. Half life of ^'*Na is 14.8 hours. In what period of time will a 
sample of this element lose 90% of its attivity? 

[Ans. 49.17 hour] 

2. A p-particle emitter has. a half life of 60.6 min. At any instant 
of time, a sample of this element registers 2408 counts per 
second. Calculate the counting rate after 1.5 hours. 

[Ans, 860 counts per sec] 

3. A radio-isotope P has half life of 15 days. Calculate the time 
in which the radioactivity of 1 mg quantity will fall to 10 % of 
the initial value. 

[Ans. 49.85 days] 

4. Consider an a-particle just in contact with ^ 92 ^ nucleus. 

Calculate the coulombic repulsion energy assuming that the 
distance between them is equal to the sum of their radii. 

[Ans. 24.2 MeV] 

5. The activity of a certain sample of radioactive element 'A' 
decreases to 1 / V 2 of its value in 4 days. What is its half life? 
Assuming that, 


me- 




what mass of the sample will be left over after 24 days if we 
start with one gram of 'A'? Calculate this in terms of M. 

I 3 - 5 ^ 

[Ans. h /2 = 8 days; mass of sample left over = ' ’ 


ty 

[Hint: X = 

0.693 
hi 2 


M 


g] 


Use 


hi 2 

N =N 


2.303 , r No 

—'"'“It®, 

2.303 


4 

8 days 

, 1 
0 ' 


log,o(V2) V N 


for next part.] 


4i 


The half life of ^ 9 *^ is 4.5 x 10® years. Uranium emits an 

a-particle to give thorium. Calculate the time required to get 
the product which contains equal masses of thorium and 
uranium. 


[Ans. 

[Hint; 

Use, 


4.55 X 10'' yrs] 
N 


0.693 


1 1 
’ 238 234 ’ 

2.303 , (No 

238 1 


N 


238 


7. 32 mg of pure 94 PUO 2 has an activity of 6.4 x 10 sec“ . 

(i) What will be the half life of ^94 Pu in years? 

(ii) What amount of PUO 2 will remain if 100 mg PuOj is kept 
for 5000 years? 

[Ans. (i) 2.45 x 1 O'* years (ii) 86.7 mg] 


pint: (i) Massof^^^Pu 


238 

270 


x 32 = 28.207mg 




„ 0.693 

Rate =-X - 

hn 


w 


At. wt. 


xN 


0.693 28.207x 10" 

6.4x10 =- X- 


0/2 


238 


X 6.023 X lO'* 


(ii) Use, 


hi 2 
0.693 
h 


ill 

0.693 


= 7.729 X 10 " sec = 2.45 x 10'* years 

2.303, (No 

-login — 

t KN j 


__ 2.303 r IM 

2.45 X 10'* " 5000 I N 
77 =86.7 mg] 

8 . A radioactive isotope decays as: 

The half lives of A and 5 are 6 and 10 months respectively. 
Assuming that initially only A was present, will it be possible 
to achieve the radioactive equilibrium for S? If so, what would 
be the ratio of A and B at equilibrium? What would happen if 
the half lives of A and B were 10 and 6 months respectively? 
[Hint: At equilibrium, ratio of amounts of A and B will be 


1a 


in ^ _ 6 


t,nB 10 


0.6 


If the half lives of A and B are 10 and 6 months respectively, then 
B will decay faster than ‘A\ hence equilibrium will not be 
achieved.] 

9. Lowest level of *''C activity for experimental detection is 0.03 
dis per min per gram. What is the maximum age of an object 
that can be determined by ’''C method? The activity of '''C in 
the atmosphere is 15 dis per min per gram of '''C 
(ti /2 for ’''C = 5730yrs). 

[Ans. 51379.28 yrs] 

10. An analysis of a rock shows that relative number of Sr and 
*®Rb atoms is 0.052, i.e.,(®®Sr/*'* Rb = 0.052). Determine the 
age of the rock. Given that half life period forP-decay of Rb to 
Sr is 4.7 X 10 “’years. 


[Ans. 3.43 X 10® years] 


87 


Pint: 


Rb 


87 


Sr 

X 


X 

y 


0.052 


x+ y 

IL - 

No' 


0.693 

4.7x10" 


1.052 

1 

1.052 

_ 2.303 
t 

2.303 

t 


, No 
!og,o -f 
N 


log|Q 1.052 


t = 3.43 X 10® years] 
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11. Hydrolysis of ester was studied by isotopic -labelling method. 
Write down the structures of products 4 and B in the given 
reaction: (11T2000) 


O 


18 


CH, 


C—^O—H+HOH 

O 


A + B 


[Ans, (^)CH 3 —C-0H;(5)C2H5 —O—H] 

Arrange the following species in decreasing order of chemical 
reactivity and radioactivity: 

|H, fH, 


12 . 


J H > f H > fH ■ 

3u 2 tt li 


13. 


[Ans. Reactivity 

Radioactivity :> > |H] 

The half life of ^'^Pb is 10.6 hours and that of its daughter 


element Bi is 60.5 minutes. After howjnuch time will the 
daughter element have maximum activity? 

[Ans. 3.78 hours] 

0.693 , 0.693 


[Hint: 


K =- 

10.6 X 60 


= 0.001089 min 
2.303 


60.5 


= 0.01145 min" 




log. 


p’ 

2.303 


0.01145 
: 222.2758 log,o 


0.001089. 
0.01145 


10 


0.01145 

0.001089 


0.001089 

= 227.1 min 
= 3.785 hours] 

14. Radioactive element is spread over a room, its half life is 30 
days. Its activity is 50 times the permissible value. After how 
many days will it be safe? 

[Ans. 169.30 days] 


[Hint: 


0.693 


‘ 1/2 


■ sm 

2.303 

t 


log.ol^ 


0.693 

30 


2.303, (sm^' 

—"’‘■"['IT 


t = 169.3 days] 

15. Calculate the energy released in joules and MeV in the 
following nuclear reaction: 

fH+fH->^He+on 

Assume that the masses of f H, 2 He and neutron respectively 
are 2.0141,3.0160 and 1.0087 amu. 

[Ans, 5,223 X10"'^ J; 3.260 MeV] 

16. A radioactive element due to an qpcident in research 
laboratory gets embedded in its floor and walls. The initial rate 
of decay is 64 times the safe limit. The half life of the element 


is 32 days. Calculate the time after which the laboratory will 
be safe for use. 

[Ans. 192 days] 

[Hint: 


Vo = 64V 

0.693 2.303, V,, 

--log. —Si 




1/2 


t 


0.693 2.303 


logic 


V 

~64V 

V 


' -32 . ./ 

r = 192 days] 

17. Radium has a half life 1600 years and its daughter element 
radon has a half life 3.82 days. In an enclosure, the volume of 
radon was found constant for a week. Explain and calculate 
the ratio of the number of radium and radon nuclei. Will the 
ratio be constant after 400 years? 


[Ans. 1528 xlO" 


# ;[Hmt: 


^ ^(Ra) - r„2(Rn) 
VjfRn) r„2(Ra) 


V) ^ 1600 
V 


x365 


2 3.82 

= 1.528x 10^] 

18. Calculate the radius and density of ^^2 U. 

[Ans. R = 6.8xl0-‘^cm;rf = 2.979xl0''‘g/cc] 
[Hint: R = Ro ^ = 1-1 x (235)'^^ = 6.788 x 10' 


m 


: 6.788 X 10“*^ cm 


d = WIV ■ 


235x 1.66x10 


-24 


i x jt X (6.788 X 10"'^)^ 


g/cc 


19. 


20 . 


= 2.979x10'“ g/cc] 

decays with emission of a and P-particles to form 
ultimately ^ g 2 Pb. How many a and ^-particles are emitted per 
atom of Pb produced? 

[Ans. 7 a and 4 PI 

The half life of radium is 1600 years. After how much time, 

—th part of radium will remain undisintegrated in a sample? 
16 

[Ans. 6400 years] 

21. The half life of polonium is 140 days. In what time will 15 g of 
polonium be disintegrated out of its initial mass of 16 g? 

[Ans. 560 days] 

[Hint: Polonium left is —th of the initial, i. e, 4 half lives.] 

16 

22. The activity of a radioactive isotope falls to 12.5% in 90 days. 
Calculate the half life and decay constant of the radioactive 
isotope. 

[Ans. 30 days, 0.0231 day"'] 

23. The radioactivity of an element was found to be one millicurie. 
What will be its radioactivity after 42 days if it has half life of 
14 days? 

[Ans. 0.125 millicurie] 
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24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34, 


There are 10^ radioactive nuclei in a given radioactive 
element. Its half life is 20 seconds. How many nuclei will 
remain after 10 seconds? (Given, V? = 1.41) 

[Ans. 7 X lO^(approximately)] 


[Hint: 


N=N^ 



as « = 


W 

20 


1 

2 



A radioactive element decays at such a rate that after 68 
minutes only one-fourth of its original amount remains. 
Calculate its decay constant and half life period. 

[Ans. X = 0.0204 min'*, ty 2 = 34 min.] 

One gram of a radioactive element decays by P-emission to 
0.125 in 200 hours. How much more time will elapse until 
only 0 ^ 10 g of it is left? 

[Ans. 21.46 hours] 

A wooden article found in a cave has only 40% as much '^'C 
activity as a fresh piece of wood. How old is the article? 
ity 2 for *''€ = 5760 years) 

[Ans. 7617 years] 

A sample of carbon derived from one of dead sea scrolls is 
found to be decaying at the rate of 12.0 disintegrations per 
minute per gram of carbon. Estimate the age of dead sea scrolls 
when carbon from living plants disintegrates at the rate of 15.3 
disintegrations per minute per gram. {t ^,2 for C = 5760 years) 
[Ans. 2020 years] 

One tig of a radioactive iodine contained in thyroxine is 
injected into the blood of a patient. How long will it take for 
radioactivity to fall to 50%, 25% and 10% of the initial value? 
(ty 2 for = 8.05 days) 

[Ans. 8.05 days, 16.1 days, 26.75 days] 

1 g radium is reduced by 2.1 mg in 5 years by alpha decay, 
calculate the half life period. 

[Ans. Halflife= 1672 years] 

[Hint: Mass of radium left after 5 years = (1.0- 0.0021) g 


= 0.9979 g 


. , , 2.303, Nn 2.303 

Apply k = -log,o = —— 

t N 5 


logii 


0.9979 


The activity of a radioactive substance falls to 87.5% of the 
initial value in 5 years. What is the half life of the element? 
Calculate the time in which the activity will fall by 87.5%. 
[Ans. Half life = 9.52 years, t = 28.58 years] 

Starting with 1.0 g of a radioactive sample, 0.25 g of it is left 
after 5 days. Calculate the amount which was left after one 
day. 

[Ans. 0.758 g] 

A sample of wooden artifact is found to undergo 9 
disintegrations per minute per gram of carbon. What is the 
approximate age of the artifact? The half life of 'gC is 5730 
years and radioactivity of wood recently cut is 15 
disintegrations per minute per gram of carbon. 

Xenon-127 has a half life of 36.4 days. How much of a sample 
of xenon that originally weighed 1.0 g remains after 20 days? 

(Dhanbad 1992) 


A 

35. Calculate the ratio of — after an hour has passed for a 


radioactive material of half life 47.2 seconds. 
[Ans. 


— = 1.12x10'^^] 

An 


'0 


[Hint: 


kt = 2.303 log 


0 


0.693 , 60 X 60 , Aj 


47.2. 2.303 


A 

'“a 

logic 


A 


36. The activity of the hair of an Egyptian mummy is 7 
disintegrations minute~' of '''C. Find the age of the mummy. 
Given, tj /2 of '"*C is 5770 years and disintegration rate of fresh 
sample of *‘’C is 14 disintegrations minute"'. 

[Ans. 5770 years] 

37. On analysis a sample of ore was found to contain 20.6 g 
of and 23.8 g of ^||U. The half life period of is 

4.50 X 10^ years. If all the lead were assumed to have come 
from decay of what is the age of the ore? 1995 ^ 

[Ans. 4.49 X 10® years] 

38. It is known that 1 g of emits 11.6 x lO'^ atoms of a per 

year. Given, the half life of ^^^Ra to be 1600 years, compute 
the value of Avogadro’s number. 

[Ans. 6.052x10^^] 

[Hint: Rate = 2, x number of atoms in one gram 


= Xx 


Avogadro’s number 


226 


39. A uranium mineral contains and ^“®Pb in the ratio of 4 : 1 
by weight. Calculate the age of the mineral 1^2 

= 4.5 X 10® years. Assume that all the lead present in the 
mineral is formed from disintegration of 
[Ans. 1.648 X 10® years] 

40. In a sample of pitchblende, the atomic ratio of ^“Pb : is- 

0.23 : 1. Calculate the age of the mineral if half life of uranium 

■ is 4.5 X 10® years. Assume that all lead has originated from 
uranium. 

[Ans, 1.34 X 10® years] 

41. The ratio of the atoms of two elements A and B at radioactive 
equilibrium is 5.0 x 10 ^ ; 1 respectively. Calculate half life of^R 
if half life of A is 245 days. 

[Ans. 4.9 X 10^ days] 

42. Calculate the energy released in MeV during the reaction 3 Li 
+ |H -> 2 [ 2 He] if the masses of ^Li, jH and ^He are 7.018, 
1.008 and 4.004 amu respectively. 

[Ans. 16.76 MeV] 


43. 1.0 g of ^IgRa is placed in a sealed vessel. How much helium 

will be collected in the vessel in 100 days? ity 2 of radium = 
1600 years) 

[Ans. 2.12xl0-*g] 


[Ans. 0.6835 g] 




188 


■ G.R.B. Physical Chemistry For Competitions 


44. The half life period of ’jsCe is 13.11 days. It is a p-particle 

emitter and the average energy of the p-particle emitted is 
0.442 MeV, What is the total energy emitted per second in 
watts by 10 mg of 'sgCe? 

[Ans. 1.84 watt] 

[Hint: Rate of disintegrations per sec = X x No. of atoms 

0.693 6.023 x 10^^ „ 

13.11x24 x60x60 141 


Total P-particles emitted = 2.61 x lO'^ 

Total energy emitted = 2.61 x lO'^ x 0.442 = 1.1536 x lO'^ MeV 
Energy in erg = (1.1536 x 10'^)(1.6 x 10"*) 

1.1536x10'^ xl.6xl0 ' 


Energy in watt = 


10^ 


1.84 watt] 


45. A sample of jgSr has an activity of 0.5 mCi. What is its 
specific activity? {t^i 2 of 32 Sr= 19.9 years) 

[Ans. 7.4 X lO'^ dk g"' s“' ] 

[Hint: Rate of disintegrations = X x No. of atoms 

So, No. of atoms 

0.5x3.7x10^ 

=-X 19.9 X 365 X 24 X 60 X 60 

0.693 

= 1.675 xl0‘* 


Mass: 


90x1.675x10" 


6.023x10- 


,23 


:2.50xl0"®g 


„ . . 0.5 X 3.7 xlO^ _ . ,a12 j' -i 

Specific activity =- ^ —-7.4x10 dis g s ] 

2.5 X10 

46. Calculate the Q-value of the reaction; 


^Li + {,»■ 


^He + fH 


Given, ^Li = 6.015126 amu, ^He = 4.002604 amu 
= 3.016049 amu, = L008665 amu 
[Ans. +4.7835 MeV] 


47. The disintegration rate of a certain radioactive sample at any 
instant is 4750 dpm. Five minutes later, the rate becomes 2700 
dpm. Calculate half life of sample. 

[Ans. ty 2 = 13 minute] 


48. 


49. 


One of the hazards of nuclear explosion is the generation of 
®®Sr and its subsequent incorporation in bones. This nuclide 
has a half life of 28.1 years. Suppose one microgram was 
absorbed by a new-born child, how much ^®Sr will remain in 
his bones after 20 years? (fff 1995) 

[Ans. 0.61 M-g] 


[Hint: 


2.303 

X 

^ _ 2.303 
28.1 


, initial 

log-- 

remaining 

fh = 20y, initial = 1 pg, remaining = x pg 


9 'IA'3 1 

20 = T-iiix28.11og-^ 
0.693 ® X 


x = 0.61pg] - 

It has been estimated that the carbon-14 in the atmosphere is 
responsible for producing 60 atoms of nitrogen-14 and 60 
electrons every hour for each gram of carbon. We can quote 
this disintegration rate as 60 counts hour”* g”*. A sample of 
sea shell found near a sea shore was found to have a count of 4 
counts hour”’ g”’. Estimate the age of the shell. 
(ti /2 for '“’C = 5730 years). 


[.4ns. 21000 years (approximately)] 

50. Upon irradiating californium with neutrons, a scientist 
discovered a new nuclide having mass number of 250 and half 
life of 0.5 hours. Three hours after the irradiation, the 
observed radioactivity due to the nuclide was 10 dis/min. How 
many atoms of the nuclide were prepared initially? 

[Ans, 2.8x10“*] 
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B3ECTIVE Questions 




Set-1: Questions with single correct answer 


1. Natural radioactivity was discovered by: 

(a) Rutherford (b) Becquerel 

(c) Curie (d) Schmidt 

2. Radioactivity is due to: 

(a) stable electronic configuration 

(b) unstable electronic configuration 

(c) stable nucleus 

(d) unstable nucleus 

3. Radioactivity is essentially: 

(a) a chemical activity (b) a physical property 

(c) a nuclear property (d) a property of non-metals 

4. Radioactivity, is generally found in; 

(a) light nuclei (b) stable nuclei 

(c) heavy nuclei (d) nuclei of intei mediwtv ‘trrcrofj 

5. The activity of radioisotope changes with: 

(a) temperature (b) pressure 

(c) chemical environment (d) none of these 

6 . The rays are given off by a radioactive element from: 

(a) nucleus (b) valence electrons 

(c) all the orbits (d) outer orbit 

7. The alpha particles are; 

(a) high energy electrons 

(b) positively charged hydrogen ions 

(c) high energy X-ray radiations 

(d) double positively charged helium nuclei 

8 . The emission of beta particles is from; (CBSE 1999) 

(a) the valence shell of an atom 

(b) the inner shell of an atom 

(c) the nucleus due to the nuclear conversion 

proton —> neutron + electron 

(d) the nucleus due to the nuclear conversion 

neutron proton + electron 

9. Identify the nuclear reaction that differs from the rest: 

(a) Positron emission (b) X-capture 

(c) p-decay (d) a-decay 

(e) Y-decay [PET(Kerala) 20081 

[Hint: Only y-emission does not change the n / /? 
(Neutron/Proton, ratio) of the parent element.] 

10. Gamma rays are: (MLNR 1990) 

(a) high energy electrons 

(b) low energy electrons 

(c) high energy electromagnetic waves 
Id) high energy positrons 

H, Radium is a radioactive substance. It dissolves in dilute H 2 SO 4 
and forms _ compound radium sulphate. The compound is: 

(a) no longer radioactive 

(b) half as radioactive as the radium content 

(c) as radioactive as the radium content 

(d) twice as radioactive as the radium content 


12. The velocity ofa-rays is approximately: 

(a) equal to that of the velocity of light 

(b) -j^th of the velocity of light 

(c) 10 times more than the velocity of light 

(d) uncomparable to the velocity of light 

13. a-rays have ionisation power because they possess: 

(a) lesser kinetic energy 

(b) higher kinetic energy 

(c) lesser penetration power 

(d) higher penetration power 

14. The radiations from a naturally occurring radioactive 

substance as seen after deflection by a magnetic field in one 
direction are: -■ 

(a) definitely a-rays . (b) definitely P-rays 

■ \e) -both a and P-rays (d) either a or p-rays 

15. Which of the following statements about radioactivity is 
wrong? 

(a) It involves outer electrons activity 

(b) It is not affected by temperature or pressure 

(c) It is an exothermic process 

(d) The radioactivity of an element is not affected by any 
other element compounded by it 

16. The radioactivity of uranium minerals is usually more in 
comparison to pure uranium. This is due to presence of... in 
the mineral. 

(a) actinium (b) thorium 

(c) radium (d) plutonium 

17. Radioactive disintegration differs from a chemical change in 

being; (MLNR 1991) 

(a) an exothermic change 

(b) a spontaneous process 

(c) a nuclear process 

(d) an unimolecular first order reaction 

18. The ionising power of a, p and y-rays is in the decreasing 
order; 

(a)a>P>Y {b)p>a>Y 

(c) Y > ot > P (d) p > Y > a 

19. Which of the following radiations have least effect on both the 
photographic plate and zinc sulphide screen? 

(a) a-rays (b) P-rays 

(c) Y-rays (d) All have equal effect 

20. Y-rays are emitted from a nucleus due to: 

(a) high K/p ratio 

(b) excess energy possessed by nucleus after emission of a or 
p-particles 

(c) fission reaction 

(d) fusion reaction 

21. If a radioactive substance is placed in vacuum at 10(FC, its 
rate of disintegration in comparison to one atmospheric 
pressure: 







190 


G.R.B. Physical Chemistry For Competitions 


(a) is not affected 

(b) increases 

(c) decreases 

(d) increases when the product is gas 

22. In a-decay, «//? ratio: 

(a) may increase or decrease 

(b) remains constant 

(c) decreases 

(d) increases 

23. In P-decay, n!p ratio: 

(a) remains unchanged (b) may increase or decrease 

(c) increases (d) decreases 

24. A device used for the measurement of radioactivity is: 

(a) mass spectrometer (b) cyclotron 

(c) nuclear reactor (d) G.M. counter 

25. Which of the following does not contain material particles? 

[GET (Pb.) 19911 

(a) a-rays (b) P-rays (c) y-rays (d) Anode rays 

26. If by mistake some radioactive substance gets into human 

body, then from the point of view of radiation damage, the 
most harmful will be one that emits: 

(a) y-rays (b) neutrons (c) P-rays (d) a-rays 

27. Radioactive decay is a reaction of: 

(a) zero order (b) first order 

(c) second order (d) third order 

28. lin!p ratio is high, the nucleus tends to stabilise by: 

(a) the emission of a p-particle 

(b) neutron capture 

(c) losing a positron 

(d) any one of the above 

29. Emission of P-particles by an atom of an element results in the 
formations of: 

(a) isobar (b) isomer (c) isotope (d) isotone 

30. Which of the following process will cause the emission of 
X-ray? 

(a) a-emission (b) P-emission 

(c) X-electron capture (d) y-emission 

31. When a P-particle is emitted by the atom of a radioactive 
element, the new species formed possesses:!PET (MP) 1990| 

(a) same atomic mass and atomic number less by one unit 

(b) same atomic mass and atomic number less by two units 

(c) same atomic mass and atomic number higher by one unit 

(d) same atomic mass and atomic nmnber higher by two units 

32. Successive emission of an a-particle and two P-particles by an' 
atom of a radioactive element results in the formation of its: 

|IIT (Screening) 19931 

(a) isobar (b) isomer (e) isotone (d) isotope 

33i The isotope ^||U decays in a number of steps to an isotope of 
^82 Pb. The groups of particles emitted in this proeess will be: 

(a)4a,7P (b) 6a,4p (c) 7a,4p (d) 10a,8P 

34. The number of a and P-particles emitted in the nuclear 

reaction ^^/gTh-> ^gjBi are: [MLNR 1992; 

JEE (Orissa) 201()| 

(a)8a,ip (b)4a,7P (c)3a,7p (d)4a,ip 


35. —^\°2®Pb+ 2He 

In above reaetion, prediet the position of Po in the periodie 
table when lead belongs to IVB group: 

(a) IIA (b) VIB (e) IVB (d) VB 

36. When emits an a-partiele, the new element formed 

belongs to; 

(a) third group (b) zero group 

(e) fourth group (d) seeond group 

37. The radius of nueleus is: (VITEEE 2007) 

(a) proportional to its mass number 

(b) inversely proportional to its mass number 

(c) proportional to the eube root of its mass number 

(d) not related to its mass number 

38. The last produet of 4« series is: 

(a) \“Pb (b) \^Pb 

39. 4«+ 2 series is known as: 

(a) actinium series 
(c) uranium series 

40. A radioactive element A on disintegration gives two elements 
B and C. If B is helium and C is the element of atomic number 
90 and atomie mass 234, the element A is: 

(a) (b) \'^Ra (c) '|o^Th (d) ^^'^Pa 

41. Group displacement law was given by: 

(a) Becquerel (b) Rutherford 

(c) Mendeleeff (d) Soddy and Fajan 

42. has 92 protons and 234 nucleons total in its nucleus. It 

decays by emitting an alpha particle. After the decay it 
becomes: (VITEEE 2008; DUMET 2010) 

(a) (b) ^^^Pa (c) ^^®Th (d) ^^°Ra 

43. Starting from radium, the radioactive disintegration process 
terminates when the following is obtained; 

(a) lead (b) radon (c) radium .4 (d) radium B 

44. The only, most stable nucleus formed by bombarding either 

fjAl by neutrons or Na by deutrons is: [GET (J&K) 2007] 
(a) f°P (b) ? 4 "Si (c) f^Mg (d) *37 Ba 


(c) ^®Pb (d) ^'OBi 

(b) thorium series 

(d) neptunium series 


45. 


Quantity of radioactive material which undergoes 10® 
disintegrations per second is called; 

(a) Becquerel (b) Rutherford 

(c) Gurie (d) Faraday 


46. The number of a-particles emitted per second by 1 g of ^ ^ Ra 
is 3.7 X lO*”; The decay constant is: 

(a) 1.39 X 10"" sec"’ (b) 13.9 x 10“" sec“’ 

(c) 139 X lO:"* sec"’ (d) 13.9 x 10' 


sec"’ 


[Hint: 


No. of atoms disintegrating per second 


Total number ef atoms present 


= X 


or 


3.7x10* ' 
6.02 X lO ’ 
226 


|23 


226 X 3.7 X 1 0 
6.02 X 10^ 


10 




47. The decay constant of 3^® Ra is L37 x 10 " sec ’. A sample of 


226 


Ra having an activity of 1.5 millicurie will 
contain.atoms: 

(a) 4.05x l0’3(b) 3.7x10’'* (c) 2.05x10’® (d) 4.7x10’® 
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[Hint: 


52. 


1 imllicurie = 3.7 xlO^ disintegrations per sec 
1.5 millicurie = 5.55 x 10^ disintegrations per sec 


5.55x10' 

^0 


= X = 1.37x10“"] 


48. One curie of activity is equivalent to; 

(a) 3.7 X lO*^ disintegrations per sec 

(b) 3.7 X10*° disintegrations per sec 

(c) 3,7 X 10*'* disintegrations per sec 

(d) 3.7 X 10° disintegrations per sec 

49. A sample of K contains invariably ^ Ar. This is because ^ K 

has tendency to undergo; [ JEE (Orissa) 2006) 

(a) a-decay (b) positronium decay 

(c) P-decay (d) y-decay 

50. The value of disintegration constant of a radioactive isotope; 

(a) decreases with increasing temperature 

(b) decreases with increasing pressure 

(c) increases with increasing concentration 

(d) is independent of temperature, pressure and concentration 

51. If the amount of a radioactive substance is increased three 
, times, the number of atoms disintegrating per unit time would; 

(a) be double 

(b) not be change 

(c) be triple 

(d) be ^rd of the original number of atoms 

The half life of a radioactive element depends upon; 

(a) the amount of the element 

(b) the temperature 

(c) the pressure 

(d) none of these 

The decay constant of a radioactive sample is X. The half life 
and mean life of the saniple are respectively; (MLNR 1990) 
(a) 1/A,,ln 2/X, (b) In 2/A,,l/A, 

(c) A, In 2,1/A, (d) X/Pn 2 ,l/ X 

Average life of a radioactive substance is; 

(a) 0.44 times of half life (b) 2.44 times of half life 

(c) 1.44 times of half life (d) 0.693 times of half life 

Radium has atomic mass 226 and half life of 1600 years. The 
number of disintegrations per second per gram are; 

(BHU 1990) 

(a) 4.8x10*° (b) 3.7x10* 

(d) 3.7x10*° 

No. of disintegrations per sec _ 


53. 


54. 


55. 


(c) ,9.2 X 10' 
[Hint: 


Total no. of atoms in one gram of Ra 
0.693 


1600 x 365 x 24 x 60 x 60 


or Nc of disintegrations per sec 


0.693 X 6.023 x 10'' 


] 


56. 


1600 X 365 X 24 x 60 x 60 x 226 

A radioactive sample has a half life 1500 years. A sealed tube 
containing 1 g of the sample will contam after 3000 years; 

(MLNR 1994) 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66 . 


67. 


68 . 


(a) 1 g of the sample (b) 0.5 g of the sample 

(c) 0.25 g of the sample (d) 0.01 g of the sample 

'^C has a half life of 5760 years. 100 mg of the sample 

containing *'*C is reduced to 25 mg in; [PET (Raj.) 2006] 

(a) 11520 years (b) 2880 years 

(c) 1440 years (d) 17280 years 

If 3 / 4 quantity of radioactive substance disintegrates in 2 

hours, its half life period will be; (BHU 2006) 

(a) 15 minutes (b) 30 minutes 

(c) 60 minutes (d) 90 minutes 

Initial mass of a radioactive element is 40 g. How many grams 

of it would be left after 24 years if its half life period is of 8 

years? 

(a) 2 (b) 5 (c) 10 (d) 20 

Half life of radium is 1580 years. It remains 1/16 after the 

years.; (VMMC 2007) 

(a) 1580 yrs (b) 3160 yrs (c) 4740yrs (d) 6320 yrs 

If half life period of radium is 1600 years, its average life 
period will be; ' 

(a) 2304 years (b) 4608 years 

(c) 230.4 years (d) 23040 years 

A radioactive isotope having a half life of 3 days was received 
after 12 days. It was foxmd that there were 3 g of the isotope in 
the container. The initial mass of the isotope when packed was: 
(a) 48 g (b) 36 g (c) 24 g (d) 12 g 

Radioactivity of a radioactive element remains 1/10 of the 
original radioactivity after 2.303 seconds. The half life period 
is: 

(a) 2.303 (b) 0.2303 (c) 0.693 (d) 0.0693 

rrx. X ^ 2.303 , a 

[Hint: X =-log 10 -- 

t \a - x) 


2.303 

2.303 


log II 


1/10 


= l,r=-^^ = 0.693] 


A freshly prepared radioactive soiuce of half life period 2 
hours emits radiations, of intensity which is 64 times the 
permissible safe level. The minimum time after which it would 
be possible to work with this source is: 

(a) 6 hours (b) 12 hours 

(c) 24 hours (d) 48 hours 

A radio isotope has a half life of 10 days. If today there is 125 
g of it left, what was its mass 40 days earlier? 

(EAMCET1991) 

(a) 600 g (b) 1000 g (c) 1250 g (d) 2000 g 

The half life period of four isotopes is given below: 

(i) 7.6 years (ii) 4000 years 

(iii) 6000 yeals (iv) 3.2 x 10° years 

Which of the above isotopes is most stable? 

(a) (iv) (b) (iii) (c) (ii) (d) (i) 

The first indication that a stable nucleus can be broken down 
was afforded by: 

(a) Rutherford (b) Madam Curie 

(c) Soddy (d) Schmidt 

The first stable isotope which was transmuted by artificial 

means was: 

(a) *°0 (b) *^N (c) *°C (d) ’Be 
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69. The instability of a nucleus is due to: (AIIMS 1999) 

(a) high, proton: electron ratio 

(b) high, proton : neutron ratio 

(c) low, proton : electron ratio 

(d) low, proton ; neutron ratio 

70. When ^jAl is bombarded with a-particles, a radioactive 
isotope of phosphorus ^5 P with the emission of... is formed. 

[CET (Gujarat) 2006| 

(a) neutrons (b) protons 

(c) positrons (d) electrons 

71. Nuclear reaction accompanied with emission of neutron(s) is: 

JPMT(MP) 19911 

(a) ? 3 ^Al+^He- 

(b) '2c+|H- 

(c) 30p-,30si+fe 

(d) ^^Am + jHe-> fe 

72. Which of the following transformations is not correct? 

(a) ^^As + ^He-> j^Br + 

(b) jLi + |H-> ^Be + \n 

(c) 21^*' 0” 3 20^2 + 0” 

(d) '^Bi+fH->'^ 5 Po+'o« 

73. The reaction, ^g|U + -> *56^.3 + ss^r + 3 represents: 

(a) artificial radioactivity 

(b) nuclear fission 

(c) nuclear fusion 

(d) none of these 

74. 'gC in upper atmosphere is generated by the nuclear reaction: 


I PET (!V!P) 19931 


(a) 

'^N + 

Jh- 

, Hr' 
—» s'- 

+ 

,0c +!h 

(b) 

‘^N 

— 

14p 

+ 

> 

(c) 

'^N + 

o«- 


+ 

}H 

(d) 

'^N+ 

iH- 


+ 

jHe ■ 

In the transformation of 

^92 U to ^92 U, if one emission is an 


a-particle, what should be the other emission(s)? 

' (A1EEE 2006) 

(a) twoP” (b) two P■ and one P'^ 

(c) one P“ and one y (d) one p* and one p" 

[Hint: U-> + |He + 2j(e] 

76. The reaction, f H + JH-> jHe + \n is called: 

(CPiVlT 1990) 

(a) fusion (b) fission 

(c) endothermic reaction (d) spontaneous reaction 

77. When the nucleus of uranium is bombarded with neutrons, it 
breaks up into two nuclei of nearly equal mass. This process is 
called: 

(a) nuclear fission (b) nuclear fusion 

(c) physical change (d) artificial radioactivity 

78. Which one of the following is an artificial fuel for nuclear 
reactors? 

(a) (b) ^®Pu (c) (d) ^^^Th 


79. Apositron is emitted from n Na. The ratio of the atomic mass 
and atomic number of the resulting nuclide is: (IIT 2007) 

(a) 22/10 (b) 22/11 (c) 23/10 (d) 23/12 

[Hint: ]H->'o« + 

PosUron 

On positron emission, proton is converted to neutron, therefore, 
atomic number decreases by one unit but atomic mass remains 
constant. 



80. Hydrogen bomb is based on the principle of: (AIEEE 2005) 

(a) nuclear fission (b) natural radioactivity 

(c) nuclear fusion (d) artificial radioactivity 

81. In nuclear reactors, the speed of neutrons is slowed down by: 

(a) heavy water (b) ordinary water 

(c) zinc rods (d) molten caustic soda 

82. Which of the following is not a fissile material? 

(a) .^ .(h).-“*U__ __ 

(c) (d) ”^Pu 

83. Which one of the following statements is wrong? 

(a) An atom bomb is based on nuclear fission 

(b) In atomic reactor, the chain reaction is carried out under 
control 

(cj Fission reactions are the sources of sun’s energy 

(d) Hydrogen bomb is always associated with atomic bomb 

84. The fuel in atomic pile is: 

(a) carbon (b) sodium 

(c) petroleum (d) uranium 

85. Large energy released in atomic bomb explosion is mainly due 
to: 

(a) conversion of heavier to lighter atoms 

(b) products having lesser mass than initial substance 

(c) release of neutrons 

(d) release of electrons 

86 . One gram of mass is equal to; 

(a) 5 X 10 '° erg (b)9xl0^%rg 

(c) 7 X 10^ erg (d) 11 x 10*^ erg 

87. If the energy released by burning 1 g of carbon is 3 x lO'^ erg, 

then the amount of energy released by converting 1 g of 
carbon completely to nuclear energy would be equivalent to 
energy produced by burning.g of carbon. 

(a) 10^ (b) 10* 

(c)9xl0“ (djSxlO*® 

88 . Liquid sodium is used in nuclear reactors. Its function is: 

(a) to collect the reaction products 

(b) to act as heat exchanger 

(c) to absorb the neutrons in order to control the chain 
reaction 

(d) to act as moderator to slow down the neutrons 

89. A sample of rock from moon contains equal number of atoms 

of uranium and lead (r ,;2 for U= 4.5 x 10® years). The age of 
the rock would be; |LGET Manipa! (Medical) 2006| 

(a) 9.0 X 10® years (b) 4.5 x 10® years 

(c) 13.5 x 10® years (d) 2.25 x 10® years 
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. [Hint: 


2,303 


logio 


1 + 


No. of Pb atoms 
No. of U atoms 


2.303x4.5x10^ 

0,693 


logio(l+ 1)] 


90. In treatment of cancer, which of the following is used? 

(a)ll (b) §P (c) ®Co (d),^H 

91. In nuclear reactor, chain reaction is controlled by introducing: 

(AHMS 1991) 

(a) cadmium rod (b) iron rod 

(c) platinum rod (d) graphite rod 

92. Wooden artifact and freshly cut tr^ are 7.6 and 15.2 min “ ‘ g”' 
of caibon (tui = 5760 years) respectively. The age of the 
artifact is: 

(a) 5760 years (b) 5760 x years 

7.6 


(c) 5760 X years 
15.2 


, 2.303 , 15.2 

[Hint: t = • log —— or 

A 7.6 


(d) 5760X (15.2- 7.6) yeap 
2.303 X 5760 . 


0.693 


log 2] 


93. The isotope used for dating archaeological fmding is: 

(a) JH (b) '*0 (c) ”C (d) ""lu 

94. Which one of the following statements is wrong? 

(a) Neutron was discovered by Chadwick 

(b) Nuclear fission was discovered by Hahn and Strassmaim 

(c) Polonium was discovered by Madam Curie 

(d) Nuclear fusion was discovered by Fermi 

95. Neutrons are more effective projectiles than protons because 
they: 

(a) are attracted by nuclei (b) are not repelled by nuclei 
(c) travel with high speed (d) none of these 

96. The source of enormous energy of sun is: 

(a) fusion of hydrogen to form helium 

(b) fission of uranium 

(c) fusion of deuterium and tritium 

(d) fusion of tritium to form helium 

97. In the neutron-induced fission of ^IfU; one of the products is 

*Rb. In this mode, another nuclide and two neutrons are also 
produced. The other nuclide is: [PMT (HP) 2006| 


(a) 


(b) 

‘gCo (c) 

‘«Co (d) ‘“IXe 

228 

88- 

Z - 3a - 

-P - 

— > Y. The element Fis : 





IJEE (Orissa) 2008| 

w 

«|Pb 


(b) 

217 pu 

(c) 

'l|Bi 


(d) 

216 Pi 

83 


99. Which radioactive isotope is used to detect tumours? 

(a) ’“As (b) ”Na (c)‘ '^‘l (d) ®Co 

100. Natural uranium consists of U: 

(a) 99% ' (b) 50% 

(c) 10% (d) 0.7% 

101. In the nuclear reaction, '|N + |He-» JJf + |Hthe nucleus 

X is: (MLNR 1995) 

(a) nitrogen of m^s 16 (b) nitrogen of mass 17 

(c) oxygen of mass 16 (d) oxy^nofmass 17 


102. The radioactive decay of *1Z by a beta emission produces an 

unstable nucleus which spontaneously emits a neutron. The 
final product is: (MLNR 1995) 

. (a)|»Z ih)%Y . ■ 

(c) gZ (d) %W, 

103. 13 A1 is a stable isotope. A1 is expected to disintegrate by : 

(1ITW96) 

(a) a-emission (b) P-emission 

(c) positron emission (d) proton emission 

104. The mass defect of the nuclear reaction *8 —> 480 + fe is: 

(JlPMEK19ft9) 

(a) Am = atomic mass of (|8e - *8) 

(b) Am = atomic mass of (480 - | 8 ) + mass of one electron 

(c) Am = atomic mass of (480 - | 8 ) + mass of the positron 

(d) Am = atomic mass of (| Be - |B) + mass of two electrons 

105. Which of the following is the man-made radioactiv 
disintegration series? 

(a) Thorium series (b) Neptunium series 

(c) Uranium series (d) Actinium series 

106. The density of nucleus is of the order of: 

lO-'kgm’^ • (b) 10‘®kgm"^ 

(c)10'’kgm"^ (d)lO^^kgm'^ 

107. A radioactive isotope having a half life of 3 day s was received 
after 12 days. It was found that there were 3 g of the isotope in 
the container. The initial weight of the isotope when packed 
was: 

(a)12g (b)24g 

(c) 36 g (d) 48 g 

108. A radioactive substance is decaying with t ^/2 - ^ 

being separated into two fractions, one of the fractions, 
immediately after separation, decays with tj/z = 2 days. The 
other fraction, immediately after separation would show: 

(a) constant activity (b) increasing activity 

(c) decay with 1^2 = 30 days(d) decay with r,/2 = 28 days 

109. A radioactive substance has a constant activity of 2000 
disintegrations per minute. The material is separated into two 
firactions, one of which has an initial activity of 1000 
disintegrations per second while the other fraction decays with 
fr/2 = 24 hours. To the total activity in both samples after 48 
hours of separation is; 

(a) 1500 (b) 1000 (c) 1250 (d) 2000 

110. A radioactive element X has an atomic number of 100. It 
decays directly into an element Y which decays directly into 
the element Z. In both processes a charged particle is emitted. 
Which of the following statements would be true? 

(a) T has an atomic number of 102 

(b) T has an atomic number of 101 

(c) Z has an atomic number of 100 

(d) Z has an atomic number of 99 

111. Three isotopes of an element have mass numbem M, (M + 1) 
and (Af + 2). If the mean mass number is (M + - 05^ then 
which of the following ratios may be accepted for M, (M + IX 
(M + 2) in that order? 

(a) 1 :1 :1 (b) 4:1; 1 (c) 3 :2:1 (d) 2 : 1 : 1 
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112. Enrichment of uranium is made by: 

(a) distillation (b) diffusion 

(c) evaporation (d) bleaching 

113. Let us consider emission of a-particle from uranium nucleus: 



92 - 

- jHe" 

e = 92 

11 

o 

e=90 

p = 92 

/7 - 2 

/> = 90 

n= 143 

n = 2 

« = 141 


Shortage of two electrons in thorium is due to; 

(a) conversion of electron to positron 

(b) combination with positron to evolve energy 

(c) annihilation 

(d) absorption in the nucleus 

114. Artificial radioactive elements are present in; 

(a) s-block (b) /^•block (c) <i-block_ (d) /'-block 

115. Half life of if its X is 2,13 x 10"^ yrs, is;' (C'BSE ? 'A‘9) 

(a) 3.5 X 10'' years (b) 3 x 10^ years 

(c) 2x 1(F years (d) 4 x 10^ years 

116. The ^’Co isotope decays with a half life of 5.3 years. How 
long would it take for 7 / 8 of a sample of 500 mg of *Co to 

- disintegrate? (hC'!?A20§7) 

(a) 21.2 years (b) 15.9 years 

(c) \0.6 years (d) 5.3 years 

117. Isotope of uranium used in atomic bomb is : 

tPET (MP) 2008i 

(a) 'ilU. (b) ^\\\] _ (c) (d) "lU 

118. Which among the following is wrong about isodiapheres? 

(a) They have the same difference of neutrons and protons or 
same isotopic number 

(b) Nuclide and its decay product after a-emission are 
isodiapheres 

(0) zA^ - ^z-25"-^ + 2 He‘* 

‘ .4 ’ and ‘ 5 ’ are isodi spheres 

(d) All are correct 

119. At radioactive equilibrium, the ratio of two atoms A and B are 
3.1x 10^ : l.Ifhalflifeof‘.4’is2x 10*® yrs, what is half life of 
‘S’? 

(a) 6.45 yrs (b) 4.65 yrs (c) 5.46 yrs (d) 5.64 yrs 

120. The decay constant for ana-decayofTh^^^ is 1.58 X 10-'®s“'. 

How many a-decays occur from 1 g sample in 365 days? • 
(3)2.89x10'® (b) 1.298x10*® 

} (0)8.219x10*® (d) None of these 

121. What percentage of decay takes place in the average life of a 
substance? 

(a) 63.21% (b) 36.79% (c) 90% (d) 99% 

122. SI unit of radioactive decay is: \ r'V! T (” F) 2iF-f. - 

■ (a) curie (b) rutherford 

(c) becquerel i (d) all of these 

123. The number of neutrons accompanying the formation of ’54 Xe 

and 38 Sr from the absorption of a slow neutron by 
followed by nuclear fission is: (in 

(a) 0 (b) 2 (c) 1 (d) 3 


124. Thiosulphate ion (SjOj ) on acidification changes to SO 2 
along with precipitation of sulphur, 

+ 2H+-> H 2 O + SO 2 + S 

which is the correct statement? 

(a) S®^ is in, sulphur (b) is in SOj 

(c) S” is in both (d) S” is in none 

125. A radioactive element decays as, 

a decav decay 

X-f- --->T-——>Z 

tl /2 - 30 min tyj - 2 days 

which of the following statements about this decay process is 
incoirect? 

(a) After two hours, less than 10% of the initial X is left 

(b) Maximum amount of Y present at any time before 30 min 
is less than 50% of the initial amount of X 

(c) Atomic number of X and Z are same 

(d) The mass number of Y is greater than X 

126. Among the following nuclides, the highest tendency to decay 
by (P'*') emission is; 

■ (a) ^®Cu (b) ®Cu (c) ^’Cu (d) “Cu 

127. Identify [A ] and [5] in the following; 

Ac —=^[.4] —-^Rn|.IEE (WB) 2010) 
(a) Po, Rn (b) Th, Po (c) Ra, Th (d) Th, Ra 

[Hint; Ac "||Ra] 

128. p-particle is emitted in radioactivity by: (AIEEE 2002) 

(a) conversion of proton to neutron 

(b) from outennost orbit i 

(c) conversion of neutron to proton 

(d) P-particle is not emitted 

129. The nuclear reaction, 

fjCu + jHe-> + 14 {h + 16 ^ 

is referred to as: (PET (MP) 29(!2i 

(a) spallation reaction (b) fusion reaction 
(c) fission reaction (d) chain reaction 

130. ^^*Ra disintegrates at such a rate that after 3160 yrs only one 

fourth of its original amount remains. Half life of ^®Ra will 
be; ■ ^ I PET (MP) 2002] 

(a) 790 years (b) 3160 years 

(c) 1580 years (d) 6230 years 

131. 92 ^ nucleus absorbs a neutron and disintegrates into 

38 Sr and ‘x’. What will be the product x7 ' ' 

iCBSE (PMT) 2002) 

(a) 3-neutrons (b) 2-Eeutrons 

(c) a-particles (d) p-particles 

132. A radioisotope, tritium (, H) has half life of 12.3 years. If the 

initial amount of tritium is 32 mg, how many milligrams of it 
would remain after 49.2 years? jCBSE (Pril'T) .2603] 

(a)lmg (b)2mg 

(c) 4 mg (d) 8 mg 

133. The radio nuclide ^^^Th undergoes two successive p-decays 
followed by one a-decay. The atomic number and mass 
number of the resulting radio nuclide are; (AIEEE 2'->03) 
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(a) 92, 234 (b) 94,230 (c) 90,230 (d) 92, 230 

134. The half life of a radioactive isotope is three hours. If the 

initial mass of isotope were 256 g, the mass of it remaining 
tmdecayed after 18 hours would be: . (AIEEE 2003) 

(a) 4 g (b) 8 g (c) 12 g (d) 16 g 

135. Consider the following nuclear reactions: 


238 xt 
92^ ■ 


. f A + 2 ^He; 




^I+2p^ 


136. 


137. 


The number of neutrons in the element L is: (AIEEE 2004) 

(a) 142 . {b)144 (c) 140 (d) 146 

A radioactive element gets spilled over the floor of a room. Its 
half life period is 30 days. If initial rate is ten times the 
permissible value, after how many days will it be safe to enter 
the room? (AIEEl!: 2007) 

(a) 100 days (b) 1000 days 

(c) 300 days (d) 10 days 

A. photon of hard gamma radiation knocks a proton out of 
Mg nucleus to form: (AIEEE 2005) 

. (a) the isotope of parent nucleus 

(b) the isobar of parent nucleus 


(c) the nuclide of 


Na 


138. 


(d) the isobar of fjNa 

The element ^^Th belongs to thorium series. Which of the 
following will act as the end product of the series? 

[BHU (Pre.) 20051 


(a) Pb 

238 


(b) Bi 


(c) “Pb 


(d) ^I^Pb 


139. ^ 92 U emits 8a-particles and 6p-particles. The neulron/proton 


140, 


ratio in the product nucleus is: 

(a) 60/41 (b) 61/40 (c) 62/41- 

Calculate the mass loss in the following: 

?H+?H- 

Given the masses 


(AllMS 2005) 
(d) 61/42 


2'n'V 

fH = 2.014 
= 1.008 amu. 


amu, ?H= 3.016 


amu; 

PET (Kerala) 2005| 
(b) 0.18 amu 
(d) 1.8 amu 


141. 


zHe = 4.004 amu, j 
(a) 0.018 amu 
(c) 0.0018 amu 
(e) 18 amu 

A nuclide of an alkaline earth metal undergoes radioactive 
decay by emission of the a-particles in succession. The group 
of the periodic table to which the resulting daughter element 
would belong is: ^ [CBSE (PMT) 2005] 

(a) 4th group (b) 6th group (c) 14th group (d) 16th group 


142. In the reaction f H + -fH - 


■ jHe + qW, if the binding energies 
of and jHe are a, b and c (in MeV) respectively, then 

energy (in MeV) released in this reaction is; 

fCBSE-PMT (Physics) 2005] 
(a)a + />-c (b)c + a - b 

{c)c - a - b (d)a'+ b + c 

143. Two radioactive elements Xand T have half lives 6 min and 15 
thin respectively. An experiment starts with 8 times as many 
atoms of X as Z How long it takes for the number of atoms of 
Xleft to equal the number of atoms of F left? 

[PET (Kerala) 2008] 

(a) 6 min (b) 12 min (c) 48 min (d) 30 min 
(e) 24 min 

144. Which of the following has the highest value of radioactivity? 

(DPMT 2009) 


(a) 1 gofRa 
(c) 1 g of RaBrj 


(b) 1 g of RaS 04 
(d) 1 gofRa(HP 04 ) 


145. 


An artificial transmutation was carried out on by an a- 
particle which resulted in an unstable nuclide and a proton. 
What is the ratio of the atomic mass to the atomic number of 


the unstable nuclide? 
17 


(a) 


8 




(c) 


17 


(d) 


(S,CR*420O9) 

8 


[Hint: tN+^Hc 


jL't-r 2J 

Mass Number 


'0 + {H 

-=^] 

8 


Atomic NmAer 

146. If 0.4 curie be the activity of 1 gram of a radioactive sample 
whose atomic mass is 226, then what is the half-life period of 
the sample? (1 curie= 3.7x 10'° dissec“*) (SCRA2009) 
(a) 1.2x 10“ sec (b) 1.8x K)*' sec 


(c)1.2xl(^o 


sec (d) 1.8x l0'° sec 

0 693 w 'll 

[Hint: Rate of decay = — x 6.023x10^^ 


a4x3.7xl0‘® = ^^x- 


1 


x 6.023x10^2 


ty2 226 
ri ;2 = 1.2xl0“ sec] 

147. The half-life period of uranium is 4.5 billion years. After 9.0 
billion years, the number of moles of helium liberated .from the 
following nucleai- reaction will be: 

-3-“«Th+^He 

Initially there was 1 mole uranium. .[PET (MP) 2010| 

(a) 0.75 mol (b) l.O mol (c) 11.2 mol (d) 22.4 mol 

Set-2; The questions given below may have more 
than one correct answers 

1. Match the following radioactive series; 


(A) 4n 

(B) 4n + l 

(C) 4b + 2 

(D) 4« + 3 


(i) Uranium series 

(ii) Neptunium series 

(iii) Actinium series 

(iv) Thorium series 



A 

B 

C 

D 


(a) 

(i) 

(ii) 

(iii) 

(iv) 


(b) 

(iv) 

(ii) 

(i) 

(iii) 


(c) 

(Hi) 

(i) 

(iv) 

(ii) 


(d) 

(ii) 

(iii) 

(i) 

(iv) 


Match the following reactions; 


(A) 

4Be* + 

j He'' - 


... (i) 

jHe'* 

(B) 

6 ^^ + 

,..->5 

B“ + jHe'' (ii) 


(C) 

7 N''' + ...-^ 

80“ + (iii) 

iD' 

(D) 

20 v-a 


aHe" (iv) 



A 

B 

c 

D 


(a) 

(i) 

(ii) 

(iii) 

(iv) 


(b) 

(ii) 

(iii) 

(i) 

(iv) 


(c) 

(iv) 

(ii) 

(iii) 

(i) 


(d) 

(iii) ■ 

(ii) 

(i) 

(iv) 



A radioactive element is present in VIII group of the periodic 
table. If it emits one a-particle, the new position of the nuclide 
will be; 
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(a) VIB (b) VIII 

(c) VIIB (d)I B 

Which statement is true about n Jp ratio? 

(a) It increases by p-emission 

(b) It increases by a-emission . 

(c) It increases by Y-emission 

(d) None of the above 

How many a and P-particles should be eliminated so that an 
isodiaphere is formed? 

(b)na,(K+l)p 
- (d) nP 


(a) Ka,nP 
(c) na 

6 . Match the following; 
Series 

(a) Thorium 

(b) Neptunium 

(c) Actinium 


Particles emitted 

(i) 8 a, 5p 

(ii) 8 a, 6 p 

(iii) 6 a,4p 


,Cm^''^(a, 2k) (b) 5B'®(a, k) ^n'^ 


(d) , 4 Si'*(d,K), 5 P'^ 


7. Which of the following are used as control rods in a nuclear 
reactor? 

(a) Cadmium rods (b) Graphite rods 

. (c) Steel rods (d) All of these 

8 . Which of the following notations shows the product 
incorrectly? 

W 96' 

(c) ,N''(K,p) 4 d" w , 4 C 

9. Which is true about decay constant (X) ? 

(a) Unit is time”” 

(b) . Value of A, is always less than 1 

(c) A. is independent of temperature 

(d) X is defined as the ratio of no. of atoms disintegrating per 
unit time to the total no. of atoms present at that time 

10. Which of the following is not correct? (EAMCET 2006) 

(a) Nuclei of atoms participate in nuclear reactions 

(b) 20 Ca and * At are isotones 

(c) 1 amu of mass defect is approximately equal to 931.5 MeV 

(d) Uranium (U^^*) series is known as (4n + 2) series 
1^. Correct order of radioactivity is: 


(a)' ,H' > ,rfi> 
(c) ,rf > ,He” > 


(b) >,rf> 


H' 


(d) ,H^ > ,H’ = 


12. At radioactive equilibrium, the ratio between 2 atoms of 
radioactive elements A and 5 is 3 x l(f : 1. If of A is lO”® 
yrs what is < 1/2 of F? 

(a) 30 yrs ’ (b) 3 yis ... 

(c) 3.3yrs (d) None of these/ 

13. In the sequence of the , following nuclear reaction, 


14, 


(d) Uranium 


_ 

(iv) 7a, 4p 


A 

B 

C 

D 


(a) (iv) 

(iii) 

(ii) 

(i) 


(b) (ii) 

(i) 

(iv) 

(iii) 

17, 

(c) (iii) , 

(i) 

(iv) 

(ii) 


(d) (i) ■ 

(ii). 

(iii) 

(iv) 



what is the value of k? 

(a) 3 ■ (b) 4 

(c) 5 (d) 6 

®®Co has ty 2 = 5.3 years. The time taken for 7/8 of the original 
sample to disintegrate will be: 

(a) 4.6 yrs (b) 9.2 yrs 

(c) 10.6 yrs (d) 15.9 yrs 

15. Which of the following is/are correct? 

(a) a-rays are more penetrating than p-rays 

(b) a-rays have greater ionizing power than P-rays 

(c) P-particles are not present in the nucleus, yet they are 
emitted from the nucleus 

(d) Y-rays are not emitted simultaneously with a and P-rays 

16. Select the wrong statement: 

(a) Nuclear isomers contain the same number of protons and 
neutrons 

(b) The decay constant is independent of the amount of^e 
substance taken 

(c) One curie = 3.7 x lo”® dis/minute 

(d) Actinium series starts with U^’* 

In a nuclear reactor, heavy water is used to: 

(a) provide high speed to neutrons 

' (b) reduce the speed of neutrons 

(c) capture neutrons produced by nuclear fission 

(d) transfer the heat from the nuclear reactor 

18. The correct starting material and product of different 
disintegration series are: 

(a) 2 ^ 2 xii^ 208 pjj (b) ^“Pb 

(c) ^^®U, ^®^Pb (d) 2”Np, ®®Bi 

19. Which of the following is/are not true? 

(a) The most radioactive element present in pitchblende is 
uranium 

(b) P is used for the treatment of leukaemia 

(c) CO 2 present in the air contains '^Conly 

(d) Omission of y-rays changes the mass number but not 
atomic number 

20. Which of the following is/are correct? 

(a) 1 Curie =3.7x10'® d/s 

(b) 1 Rutherford = 10® d/s . 

(c) 1 Becquerel = 1 d/s 

. (d) 1 Fermi = 10^ d/s 

21. ’ Match the List-I and List-II and select the correct answer using 

the codes given below the lists: 

List-I 

Xnekar reactor 
component 

I. Moderator A. 


lisftj] 


2. Control rods 

3. Fuel rods 

4. Coolant 


^ 238 
'98 


-4Z- 




Uranium 

B. Graphite 

C. Boron 

D. Lead 

E. Sodium 

jPET (Kerala) 20051 





Codes: 

(a) 1—B, 2—A, 3—C, 4—E 
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(b) 1—B, 2 —C, 3—a; 4--E 

(c) 1—C, 2—B, 3^A, 4^E 26. 

(d) 1—C, 2—D, 3^A, 4—B 

(e) 1—D, 2—C, 3^B, 4—A 

22. Match the List-I and List-II and select the correct answer using 
the codes given below the lists: 


List-! 



List-II 

Isotope 



Characteristics 

A. ^“Ca 



1. UnstaBteToc-emitter 

B. "sil 



2. Unstable, p-emitter 

c . 



3. Unstable, positron emitter 

D. ^iTh 



4. Stable 

Codes: A 

B 

C 

D 

(a) 1 

2 

3 

4 

(b) 1 

3 

, 2 

4 ■ 

(c)' 4 

3 

',2 

1 

(d) 4 

2 

, 3 

1 


23. Match the List-I with List-II and select the correct answer 
using the codes given below the lists: 


List-I 


List-II 

Isotope 


Char^teristics 

A. “P 


1. Location of tumour in brain 

B. ^'’Na 


2. Location ofblood clot and 



circulatory disorders 

C. “Co, 


3. Radiotherapy 

D. ‘3'I 


4. Agriculture research 

Codes: A 

B 

CD' 

(a) 4 

1 

-23 

(b) : 4 

3 

2 1 

(c) 4 

2 

, 3 1 

(d) 3 

1 

2 4 

Consider the following nuclear reactions: 

1. ‘^N+zHe- 



2. ^Be+jH- 


^Li+^He 

3. ?^MgT^He- 

-^'flSi+on 

4. ‘^B+|He- 



Examples of 

induced radioactivity would include the 

reactions: 



(a) 3 and 4 

(b) 1 and 2 (c) 1,3 and 4 (d) 1,2,3 and 4 


25. Match the Column-I Radio-isotope with Column-II Medicinal 
we and select correct matching: 


CMhnm-l 

C«hnns4] 

(I) “Co 

(a) Leucaemia 

(II) '^’l 

(b) Anaemia 

(III) “Fe 

(c) Cancerous tumours 

(IV) “p 

(d) Disorders of thyroid gland 

(a)I—c; II—d;ni- 

-a;rv—b. 
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(b) I—a; II—b; III—c, IV—d 

(c) I—c; II—d; III—b; IV—a 

(d) I—d; II—c; III—b; IV—a 

Column-I Column-11 


il)»C 

(a) Unstable and p-emitter 

(II) "Na 

(b) Stable 

(III)‘^N 

(c) Unstable, positron emitter 

(m'lc 

(d) Unstable, a-emitter 

Correct matching is/are:. 

■* 

(a) I only 

(b) III only 

(c) II and IV 

(d) I and III 


27. Which of the following statements is/are correct? , 

1. A nucleus in an excited state may give up its excitation 
energy and retam to the ground state by emission of 
electroihagnetic y-radiation. 

2 . y-radiations are emitted as secondary effect of a and 
P-emission. 

3. The nuclear isomers produced byy-ray bombardment have 
the same atomic and mass number but differ in their 
life-tithes (whatever their ground state may be). 

4. X-ray and y-ray are both electromagnetic. 

(a)land2 (b) 1,2 and 3 (c) 2 and 3 (d)l,2,3and4 

28. Which of the follpwing statements is/are correct? 

1. When an electron is emitted by an atom and its nucleus 
gets de-excited as a result, the process is called internal 

■ conversion. 

2. Electron capture and positron emission are identical. 

3. Neutrons are emitted in the electron capture process. 

4. Pair production is a process which involves the creation of 
positron-electron pair by a photon of energy 1.02 MeV. 

(a) land 2 (b) 1,-2 and 4 

(c) 2,3. and 4 (d) All are wrong 

29. A nuclide has mass number (A) and atomic number (Z). 
During a radioactive process if: 

1. both A and Z decrease, the process is called a-decay. 

2. A remains unchanged and Z decreases by one, the process 
is called p^ or positron decay or X-electron capture. 

3. both A and Z remain unchanged, the process is called 

y-decay. » 

4. both A and Z increase, the process is called nuclear 
isomerism. 

The correct answer is: 

(a) 1,2 and 3 (b)2,3and4 • 

(c)l,3and4 (d)l,2and4 . 

30. In the decay process: > ,« 

-o -a -3 

A -- >C -— 

1. A and.B are isobars 

2. 'A and D are isotopes ’ ^ 

3. C and D are isobars 

4. A and C are isotones 
The correct answer is: 

(a) 1 and 2 (b) 2 and 3 

(c) 3 and 4 (d) I and 4 


4 
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31. The nuclide X undergoes a-decay and another nuclide F ,p - 
decay. Which of the following statements are correct? 

1. The 3'-particles emitted by y may have widely different 
speeds. 

2. The a-particles emitted by X may have widely different 
speeds. 

3. The a-particles emitted by X will have almost same 
speed. 

4. The 3-particles emitted by ¥ will have the same speed. 

(a) 1 and 3 are correct (b) 2 and 3 are correct 

(c) 3 and 4 are correct (d) 1 and 4 are correct 

32. Fill in the blank space with a suitable answer selected from the 
list below. Write only the letter (A, B, C,... , etc) of the correct 
answer in the blanks. 

Answer 

(i) '^sC+ Ih->‘^7N ' . 

(ii) f^Al -I- iH-> + ^He 


(iii) 2||u '^^Ba + «Kr + 3 

(iv) '’5As + fH->^^Mn+9jH+12|)« 

(v) fH+^H ->2He+j,n . 

Answers: 

A; Projectile capture 
B; Spallation 
C; Fusion 

D: Projectile capture and particle emission 
E: Fission 

Select the correct answers according to the given codes: 
Codes: ,(•) (») . (iii) (iv) (v) 

'(a) A D E B C 

<b) D C A E B 

(c) A B C D E 

(d) E D C B A 


The questions given below consist of two statements each printed as 
Assertion (A) and Reason (R). While answering these questions 
you are required to choose any one of the following four: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct and (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If both (A) and (R) are incorrect. 

(e) If (A) is incorrect but (R) is conect. 

1 . (A) Mass numbers of most of the elements are fractional. 

(R) Mass numbers are obtained by comparing with the mass •, 
number of carbon taken as 12 . 

2. (A) The activity of 1 g pure uranium-235 will be greater than 

the same amount present in UjOg. 

(R)In the combined state, the activity of the radioactive 
element decreases. 

3. (A) a-rays have greater ionising power than 3- 

(R) a-particles carry 2'^, charge while 3-particles carry only 1" 
i charge. 

4. (A) P-particles have greater penetrating power than a-rays but 

less than y-rays. 

(R) 3-particles are lighter than a but heavier than y. 

5. (A) During 3-decay, a new element with atomic number 

greater than one is obtained. 

(R) Protons and neutrons keep on changing into one another 
through meson. 

6 . (A) The average life of a radioactive element is infinity, 

(R)As a radioactive element disintegrates, more of it is 

formed in nature by itself. 

7 . (A) Hydrogen bomb is more powerful than atomic bomb. 

(R) In hydrogen bomb, reaction is initiated. 

8 . (A) The archaeological studies are based on the radioactive 

decay of carbon-14 isotope. 

(R) The ratio of C-14 to C-12 in the animals or plants is the 
same as that in the atmosphere. 


(A) The reactions taking place in the sun are nuclear fusion 
reactions. 

(R) The main reason for nuclear fusion reactions in the sun is 
that H 2 is present in the sun’s atmosphere so that hydrogen 
nuclei can fuse to form helium. 

1®. (A) In a radioactive disintegration, an electron is emitted by 
the nucleus. 

(R) Electrons are always present inside the nucleus. 

11. (A) In radioactive disintegrations, 2 He'* nuclei can come out 

of the nucleus but lighter jHe^ can’t. 

(R) Binding energy of 2 He^ is more than that of 2 He*. 

12. (A) Protons are better projectiles than neutrons. 

(R) The neutrons being neutral do not experience repulsion 
from positively charged nucleus. 

13. (A) Enriehment of from a mixture containing more 

abundant is based on diffusion of UF^. 

(R) UF^ is a gaseous compound under ordinary conditions. 

14. (A) The nucleus emits 3-particles though it doesn’t contain 

any electron in it. 

(R) The nucleus shows the transformation 
()«' —> p + 3 + anti-neutrino for 3 -emission. 

15. (A) Any kind of exchange force helps the nucleus to be more 

destabilised. 

(R) n-mesons are exchanged between nucleons incessantly. 

16. (A) Nuclide ,3 Al* is less stable than 20 Ca*. (HT 1998) 

(R) Nuclides having odd number of protons and neutrons are 

generally unstable. 

17. (A) During 3-decay, a new element with atomic number 

greater than one is obtained. 

(R) Protons and neutrons keep on changing into one another 
with the help of meson. 

18. (A) The position of an element in periodic table after emission 

of one a and two p-particles remains unchanged. 

(R) Emission of one a and two 3-particles gives isotope of the 
parent element which acquires same position in the 
periodic table. 


Assert i on-Reason TYPE QUESTIONS 

9. 
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19. (A) Nuclear isomers have same atomic number and same mass 

number but with different radioactive properties. 

(R) and are nuclear isomers. 

20. (A) The emission of a-particles results in the formation of 

isodiapheres of parent element. 

(R) Isodiapheres have same isotopic number. 

21. (A)“/2U(IIIB)—^ A-^B-^C 

(R) Element B will be of IIA group. 

22. (A)P-particles are deflected more than a-particles in a given 

electric field. 

(R) Charge on a-particles is larger than on P-particles. 

23. (A) The nucleus of gold is stable even though there is a very 

strong coulombic repulsion among the protons. 

(R) The inverse square coulomb force is exactly balanced by 


another inverse square force which is very powerful, !.a, 
nuclear force. 

24. (A) if-shell electron capture is detected by analysing the 

wavelength of X-ray emitted. 

(R)The wavelength of the X-ray is characteristic of the 
daughter element and not the parent element. 

25. {A)Haif life of a radioactive isotope is the time required to 

decrease its mass number by half. 

(R) Half life.of radioactive isotopes is independent of initial 
amount of the isotope. 

26. (A) In a nuclear fission process, the total mass of fragments is 

always greater than the mass of the original nucleus. 

(R) Difference in the mass due to the fission of a heavy 
nucleus is converted into energy according to mass-energy 
conversion. . (S._ltA20t'Ti 



• Set-1 


1. (b) 

2. (d) 

3. <c) , 

4. (c) 

5. (d) 

6. (a) 

7. ,(d) 

8. (d) 

9. (e) 

10. (c) 

11. (c) 

" 12. (b) 

13. (b) 

14. (d) 

15. (a) 

16, (c) 

n. (c) 

18. -(a) 

19. (c) 

20. (b) 

21. (a) 

22. (d) 

. 23. (d) 

24. -(d) 

25. (c) 

26. (a) 

57. (bj 

28. (a) 

29. (a) 

30. (c) 

31. (c). 

32. (d) 

33. (c) 

34. (d) 

35. (b) 

36. (b) 

37.. (c) 

38. (a) 

39. (c) 

40. (a) 

41. (d) 

42. (c) 

43. (a) 

44. (d) 

45. (b) 

46. (a) 

. 47, (a) 

48. (b) 

49. (b) 

50. (d) 

SI. (c) ' ■ 

52. (d) 

5l' (b) 

54. (c) 

55. (d) 

56. (c) 

57. (a) 

58..(c) 

59. (b) 

60. (d) 

61. (a) 

62. (a) 

63. (c) . 

64. (b) 

65. (d) 

66. (a) 

67. (a) 

68. (b) 

69. (b) 

70. (a) 

71. (a) 

72, (c) 

73. (b) 

74. (c) 

75. (a) 

76. (a) 

77. (a) 

78. (b) 

79. (c) 

80. (d) 

81. (a) 

82. (b) 

83. (c) 

84. (d) 

85. (b) 

86. (b) 

87. (d) 

88. (b) 

89. (b) 

90. (c) 

91. (a) 

.92. (a) 

93. (c) 

94. (d) 

95. (b) 

96. (a) 

97. (b) 

98. (b) 

99. (a) 

100. (d) 

101. (d) 

102. (d) 

103. (b) 

lOf-(d) 

105. (b) 

106. (c) 

107. (d) 

108. (b) 

109. (d) 

no. {b,d) 

111. (b) 

rn. (b) 

113. {b,c) 

114. (d) 

115. (c) 

116. (b) 

117. (d) 

118. (d) 

119. (a) 

120., (b) 

121. (a) 

122. (c) 

123. (d)^ 

124. (a) 

125. (d) 

126. (c) 

127. (d) 

128. (c) 

129. (a) 

130. (c) 

131. (b) 

132. (b) 

133. (c) 

134. (a) 

135. (b) 

136. (a) 

137. (c) 

138. (a) 

139. (c) 

140. Ta) 

141. (c) 

142. (c). 

143. (d) 

144. (a) 

145. (a) 

146. (a) 

147. (a) 






• Set-2 








1. (b) 

2. (b) 

3. (a, b, c) 

4. (b) 

5. (c) 

6.' (c) 

7. (a) ■ , ■ 

8. (a) 

9. (c) 

10. (b) 

11. (b) 

12. (c) 

13. (b) 

14. (d) 

15. (b,c,d) 

■ 16. (c,d) 

17. (b,d) 

18. (a,d) 

19. (a,d) 

20. (a, b, c) 

21. (b) 

22. (d) 

23. (c) 

,24. (d) 

25. (c) 

26. (d) 

27. (d) 

28. (b) 

29. (a) 

30. (b) 

31. (a) 

32. (a) 
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1. (d) 

2. (d) 

3. (b) 

4. (a) 

5. (b) 

6. (c) 

7. (b) 

8. (a) 

9. (C) 

10. (c) 

11. (c) 

12. (d) 

13. (a) 

14. (a) 

15. (d) 

16. (a) 

17. (b) 

18. (a) 

19. (a) 

20. (c) 

21. (b) 

22. (a) 

23. (c) 

24. (b) 

25. (d) 

26. (e) ■ 
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BJEcnvE Questions 


The following questions contain single correct option: 

!• The average life of a RT gm sample of is T seconds and 

average energy of the P-particles emitted is £ MeV. At what 
rate in watts does the sample emit energy? 

(a) X 10~'* (b)'X 10~'^ 

(c) X 10"'^ (d) None is correct 

pint: Rate of P-particles emitted per second 


I W 

.xNo = --x^xNo 
T 200 


Energy evolved per second 

1 r 


-X- xAfjXjExl.O xT0“ 

r 200 


SHWqE 


X 10“ ° watt per second] 


2. In nuclear fission, 0.01% mass is converted into energy. The 
energy released by the fission of 100 kg mass will be: 
(a)9xl0'^J (b) 9 x10" kJ(c) 9x10" J (d) 9x10'^ kJ 

pint: Am = 100 x — = 0.01 kg 
100 

£ = Amc^ = 0.01x(3xl0*)^ J 
= 9xl0"j = 9xl0" kJ] 

3. The activity of a radioactive substance is Ry at time r, and £2 nt 
. time <2 (> <1) • Its decay constant is X. Then: 

(a)£,q=£2t2 - (b)£2 = . 

(C) R2 = ~ — J-rtnotant 


; constant 


pint: h = ^ £2 =£,/<''-'2'] 

4. The age of a specimen ‘ r ’ is related to the daughter/parent ratio 
by the equation: 


/X 1 . I 

(,), = -ln - 


/X 1 . f. 

(c)t = -ln H- — 

X t P 


(d„4,n[24l 


5. A radioactive substance is being produced at a constant rate of 
200 nuclei/sec. The decay constant of the substance is 1 sec“*. 
After what time will the number of radioactive nuclei become 
100? Initially, there are no nuclei present. 

(a) 1 sec (b)2sec (c) In (2) sec (d)j-^^sec 

pint: N~Noe-^ 

100 = 200e“"" 


r = In (2) sec] 

The rate of decay of a radioactive sample is given by £, at time 
r, and R 2 at a later time <2- The mean life of this radioactive 
sample is: 

(a)r = ^x^ (b)7’ = _?LJlil_ 

R 2 /, In (£2/I?:) 

(c) T = ~ (d)7’ = i!Li?2/^ 

lniR2/RO h-h 

pint: ,R 2 =Rff~^^ 

On dividing the above equations, we get 


ln[^J = X(r.-r2) 

i _ (h ~ h) 

X ln(i?2/£i) 
f - (I| ~ ^2) 1 

ln(£2/£,) 

7. Isodiapheres are the atoms of two elements having same 
values of: 

(a)p/n (b)(p-n) {c)(«-p) (d)nxp 

pint: Isodiapheres are formed by a-decay 
zd-jHe- 

(n-p)m '^A={M-Z)-Z = {M-2Z) 

(n-p)m^^Z\B = {iM-4)-{Z-2)}-iZ-2) 

= {M - Z - 2} - Z + 2 
= (A/ - 2Z) 

.-.{n- p) of isodiapheres are same.] 

8. In a sample of radioactive material, what fraction of the initial 
number of active nuclei will remain undisintegrated after half 
of a half life of the sample? 

(a)7 (b)-^ (c)-^, (d)V2-l 

2V2 V2 

Pint: ^=^log[f] 


2.303 X log 2 


2.303 , (No 

(t,/2/2) 


log,„(2>'') = log,o(^ 
ViV 
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9. Let T be the mean life of a radioactive sample. 75% of the 
active nuclei present in the sample initially will decay in time: 
(a) IT (b) i (log, DT (c) 4r (d) 2 (log, 2)T 


la. 


13. 


^*Po (t „2 = 183sec) decays to (^ 1/2 = 161 sec) by. 

a-emission, while ^g 2 Pb decays by B-emission. In how much 
time the number of nuclei of g^Pb will reach to the 
maximum? 


(a) 182 sec 
pilnt: 


(b) 247.5 sec (c) 308 sec (d) 194.8 sec 


84 


Po- 


X, = 2 ^ = (3.786 X 10“ ’ sec"') 
183 


Xn = 


\ 2 Pb- 


0.693 

161 


4304X10' 


2,303 , X, 

’ X, -A.2 °®X2 


2.303 


3.786x 10"^-4.304x10"^ 
2.303 


log 


3.786 X 10~ 
4.304 X10' 


-0.05569] 


5.183 xlO"'^ 

= 247.5 sec] 

11. Fusion reaction takes place at high temperature because: 

(a) atoms are ionised at high temperature 

(b) molecules break up at high temperature 

(c) nuclei break up at high temperature 

(d) kinetic energy is high enough to overcome repulsion 
between nuclei 

12. In the radioactive change, 


P -> ..fQ - 


Z+ 1 H ' z- 

the radiations emitted in sequence are: 

(a)a,p,Y (b)P,a,Y (c)Y,a,p (d)p,Y,a 

The half life of a radioactive isotope is 3 hours. If the initial 
mass of the isotope were 256 g, the mass of it remaining 
undecayed after 18 hours would be; 

(a) 12 g (b) 16 g (c) 4 g (d) 8 g 


Pint: N 


^^olj 


^256 


n = number of half lives = 


= 4 g] 


18 


14. 


In an old rock, the mass ratio of to ^g^Pb is found to be 
S95:103. The age of the rock is (Mean life of is Tg): 


(a)rolnl.2 (b)roln 


pint: X = 

i. 

To 


2.303 


1 


In 


t 

- Tq In 


698 

595 


595 + 103 


595 

698 

595 


(c)r„ 


In 1.2 
lit2 


In 


(d)T„ 


698 

595 


In 2 


] 


15, 


80% of the radioactive nuclei present in a sample are found to 
remain undecayed after one day. The percentage of undecayed 
nuclei left after two days will be: 

(a) 64 (b) 20 (c) 46 (d) 80 


IHInt: 




2.303 


log 


1^ 

80 

5 

4 


t 

2303 

1 

_ 2,303 
2 

2.303 

2 

100 

N 


log 

log 

log 


N 

100 

80 

100 

N 


...(i) 


JV=64] 

16. A sample of radioactive material has mass ‘m\ decay constant 
X and molecular mass ‘AT. If N is Avogadro’s number, the 
initial activity of the sample is: 


(a) Xw 


(b)X 


m 


(c) 


ImN, 


(d) mMe^ 


M M 

17. A radioactive nucleus can decay by two different processes. 
The mean value period for the first process is Zj and that for 
the second process is Z 2 . The effective mean value period for 
the two processes is: 


(a). 


(b)Z,+Z 2 (c)4^ 


(d) 


Z,Z2 


(C)- 


{d)(R^-R,)T 


2 ' ' ‘ ^ - ' ' Z, + Zj 

18. The radioactivity of a sample is i?, at time 7] and R 2 at time 12- 

If the half life of specimen is F, the number of atoms that have 
disintegrated in time (F 2 “ ) 1® proportional to: 

{a){R^T,-R2T2) 0 })Ri-R2 

(Rj - ^2 ) 

T 

pint: Rate = XxNumber of atoms of element yet not decayed. 
Rf=XxNj 
??2 = X X Aj 

Number of atoms decayed in time (Fj - F;) 

=h-BL = iE2zIil=I<2izM ‘ 

XXX 0.693 

.•. Number of atoms decayed in time (r 2 - F,) = r(i ?2 - Tt,)] 

19. Half life period of lead is: 

(a) zero (b) infinite (c) 1590 years (d) 1590 days 

20. A freshly prepared radioactive sample of half life 2 hours 
emits radiation of intensity which is 64 times the permissible 
safe level. The minimum time after which it would be possible 
to work safely with this source is: 

(a)6hrs (b)12hrs (c)24hrs (d)128hrs 

/n" ’ t.; 

pint: N =Ao' 


IL. 

No 

64 


n = 6 

r z= 2 X 6 = 12 hours] 
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21 . 


22 . 


Which of the following is the best nuclear fuel? 

(a) (b) '“Th (c) (d) 


A radioactive element decays by parallel path as given below; 
A —Us = l. 8 x IQ-^ sec“' ^ 


^2 

2A -> B ^ 2 - 10“ ^ sec"' 

Average life of radio-nuclide A will be; 

(a) 52.63 sec (b) 500 sec (c) 50 sec 
[Hint: X = X, + 2 X 2 

= 1.8 X 10“^-t-2x10”’ 

= 2x10”^ sec”' 


T = 


X 


2 


-^ = 50 sec] 

xlO”? 


(d) 120 sec 


23. Among the following, which has the longest half life? 

(a)“Th W.UjNp (c)"|iu (d)“|U 

24. Which of the following is likely to be least stable? 

(SCRA 2007) 


(a) «Ca 

(b) 

^^Mn 

W's’oSn 

(d) 

[Hint: 

2oCa 

iMn 

so*“ 

13 A1 

n 

P 

^^ = 1 

20 

25 

69 

^ = 1.38 
50 

13 


All are stable according to n!p rule but experimental 
observations confirm that ’ 3 AI is radioactive with half life of 

3.7 sec] 

25. ^3 A1 is a stable isotope, At is expected to disintegrate by: 

(a) a-emission (b) P-emission 

(c) positron emission (d) proton emission 

[Hint: Number of neutrons will be reduced by p-decay. 
qH —JH + _fe+ Antineutrino + Energy] 

26. For a radioactive element, a graph of log N against time has a 
slope equal to: 

(a)-(-2.303X (b) + ^U:- (c)--U- (d)- 2.303X 

2.303 2.303 

[Hint: log lYo - log A' = 

Y-^Mx + C 

Slope (M) = ] 

2.303 


27. 


Two elements P and Q have half lives of 10 and 15 minutes 
respectively. Freshly prepared samples of each isotope 
initially contain the same number of atoms as each other. After 


30 minutes, the ratio 


number of P atoms 
number of Q atoms 


will be; 


(a) 0.5 (b)2' (c) 1 (d)3 

[Hint: In 30 minutes, there will be 3 half lives of P and 2 half 

lives of Q. 

Number of P atoms will be 1/8 th and number of Q atoms will 
be l/4th of original atoms. 

_ Number of atoms ofR 1/8 1 . 

Then, -= — = -,i.e,0.51 

Number of atoms of g 1/4 2 


28. Select the wrong statement among the following: 

(a) Antineutrino can be detected during 3-emission 

(b) Neutrino was predicted to conserve the spin of a nuclear 
reaction 

(c) Synchrotron can accelerate neutrons 

(d) Area of cross-section of nucleus is about 1 bam 

(1 bam = 10”^'* cin^ 1 

[Hint: , Synchrotron can accelerate only charged particles, not 
the neutral particles like neutron,] 

29. A radioactive atom 'X' emits a 3-particle to produce an atom 
‘F’ which then emits an a-particle to give an atom ‘Z’: 

(1) The atomic number of ‘Xf’ is less than that of‘Z’ 

(2) The atomic number of‘F’ is less than that of‘Z’ 

(3) The mass number of ‘ XT ’ is same as that of ‘ F ’ 

(a) 1,2 and 3 are correct 

(b) 1 and 2 are correct 

(c) 2 and 3 are correct 

(d) 3 is correct — 

30. Which one of the following is an exact example of artificial 
radioactivity? 


(a) 

^fNa -t ^ 



ffNa + |H- 

nMg + '0 

(b) 

^He+ 



’sO+|)n- 

—3 '^ 0 +Y 

(c) 

jHe-l- fjAl^ 

^ 15^ + 0 ” 


30 p 

15 ^ 


(d) 

— 

39 

^ “oTh + 3 


228 'T^ 

90 Th — 

+ a 


31. 


32. 


33. 


Consider the following decay series: 

A -. 

Where, A, B and C are rad inactive elements with half lives of 
4.5 sec, , 15 days and 1 sec respectively and D is 
non-radioactive element. Starting with 1 mole of A^ the 
number of moles of A, B, C and D left after 30 days are: 

(a) one mole of D and none of .,4,5 or C 

(b) 3/ 4 mol of B, 1/4 mol of D and none of A otC 

(c) 1/4 mol of B, 3/4 mol of D and none of .4 or C 

(d) 1/2 mol of B, 1/4 mol of C, 1/4 mol of D and none of A 

(e) 1/4 mol of each 4, B, C and D 
Consider the following nuclear reactions; 

%Im -> ^A+XjHe 

^ iL+ir 

the number of neutrbns present in the element 'U is: 

(a) 142 /' (b) 144 . 

(c)140 '■ , (d)146 

If is the nutribef of radio-atoms present at time ‘t \ the 

following expression will be a constant: 



(c) 


d\n 
- dt 


(b) 


(JEE (West aengal) 26d9| 

Inn, 


(d)tn, 
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[Hint: 


dn, 

'~df’ 

I drii 

!, dt 


■■ Xn, 


= X 


34. 


dt 


= -X (constant) 1 


214 

83 


Bi- 


A 


P -erruffiion 


-^5 


P -emission 


•^c 


p-eiTusion a-eniission 

- >D - >E 


35. 


*£’ is an element of stable nucleus. What is the element *£’? 
(a)\7TI (b)“|Pb ■ {c)“®Hg (d)2“Au 

A radioactive element decays to one third of its initial amount 
in time ‘r’. What fraction of the element would be left after 0.5 
t time ? 


'■>7J 

[Hint: 


36. 


(b) 


IL 

iVn 


1 


(C) 


1 


2.303 

t 


logj^ 


3 


(d), 


= i in time ‘t’ 


X = 


2.303 


logio 3 


After 0,5 r time : 


2.303 , 

-log ^ 

0.5r \N 


..•(>) 


...(ii) 


Equating (i) and (ii) we get 

Two radioactive isotopes A and B of atomic mass X and Y are 
mixed in equal amount by mass. After 20 days, their mass ratio 
is found to be 1 : 4. Half life of 'A ’ is 1 day. What will be the 
half life of fi? 

(a) 1.11 day (b) 0.6237 day 

(c)O.ll^day (d) 1.11-^ day 

[Hint: Let 1 g of both A and B are taken initially. and Jfg 
are the amounts left after 20 days. 

2.303 , 1 

log — 

1 

\g 


20 

, 2.303 , 

Ab = — log 


Xj Xa 


20 

2.303 

20 

2.303 


log^ 

W, 


20 

a/-0.0693 


log 4 = 0.0693 
0.693 


■ 0,0693 


0.693 

1 


■ 0.0693' 


1/2 

0.6237 


' 1/2 


D 0-693 , , 

B = ..:. = 1.11 day] 


0.6237 

37. A sample of rock from the moon was found to contain the 
elements X and F in 1:7 ratio by mole. Element X is 
radioactive, it decays to Y with half life of 6.93 x 10® years 


W- >Y 

ty 2 = 6.93 X 10® yrs] 

What is the age of the rock? 

(a) 2.079 xT 0’° years (b) 1.33 x 10® years 
(c) 1.94 X lO'® years (d) 10'° years 

[Hint: iV„ = 1+ 7 = 8 (Initial moles ofX) 

N = \ (Remaining moles of X) 

We knoWj 

h/2 « UJ. 

0.693 2.303 , 8 

-T- = - log - 

6.93 X10® t 1 

■ t = 2.0?9xl0'®years] 

38. If the relation between time of decay (f) and half life period 
(ij/2)is {1 = 4 t^i2 ); the relation between t and mean life (T) 
is; 

(a) ^ (b) In 2 (c) 4r In 2 (d) 2T In 2 

r 

Following questions may have more than one correct options: 

1. Which of the following nuclei are doubly magic? 

(a)|He (b)'®0 (c)T 2 Pb (d) “|U 

2. Which of the following make up an isotonic triad? 

(a)‘'gO.’’ tN (b)]®Ge,nAs,”Ga 

(c)f®Ar.f®K,foCa (d) “ U,'^Th,'»Pu 

3. In the decay process: 

-a -B -a 

A - > B -> C - > D ■ tvlU (Med.) 

(a) A and B are isodiapheres (b) A and D are isotopes 
(c) fl, C and D are isobars (d) A and C are isotones 

4. A nuclide X undergoes a-decay and another nuclide Y 
undergoes p-decay. Which of the following • statements are 
correct? 

(a) The |3-particles emitted by Y may have widely different 
• speeds 

(b) The a-particles emitted by X may have widely different 
speeds 

(c) The a-particles emitted by X will have almost the same 
speed 

(d) The P-particles emitted by F will have the same speed 

5. Which among the following, nuclides is/are likely to be stable? 

(a)®®P (b)f 2 ^Mg ic)'%ln (d)"4Cd 

6. Which among the following is/are fissile? 

(a)^®4u (b)“«U (c)“/4Pu (d)^'/4Pu 

7. Select the correct statements among the following: 

(a) The decay of mass during nuclear fusion and nuclear 
fission are 0.1% and 0,231% respectively 

(b) Lesser is the half life, more dangerous is the radioactive 
element 

(c) ^-electron capture emits y-rays 

(d) Nuclear forces are about 10^' times stronger than 
coulombic forces 
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8. A radioactive element has atomic number ‘ Z’ and mass humber 

Select the correct statements among the following: 

(a) Both ‘A' and ‘Z' decrease in a-decay 

(b) Both ‘A' and ‘Z* remain unchanged in y-decay 

(c) ‘/l’ remains unchanged and ‘Z’ decreases by one; the 

process is called (positron) decay or ^-electron capture 

(d) Both ‘/4’ and 'T increase in the nuclear isomerism 

9. When nucleus of an electrically neutral atom undergoes a 
radioactive decay process, it will remain neutral after the 
decay if the process is: 

(a) an a-decay • (b) a P-decay 

(c) a y-decay (d) a J^-capture process 

10. Which of the following is/are characteristics of nuclear 
forces? 

(a) These forces operate within small distances of 2 x KT'^ cm 

(b) These fcwces drop to zero rapidly at a distance greater than 
1.4 X 10^ fermi 

(c) They follow inverse square law 

(d) They are stronger than electrostatic forces of attraction 


11. The correct starting material and end product of different 
disintegration series are: 

(a)^^^Th,^‘’®Pb ' (b)^”U,^“Pb 

(c)^^*U,“^Pb (d)2”Np,^®’Bi 

12. Select the wrong statement(s): 

(a) Nuclear isomers contain the same number of protons and 
neutrons 

(b) The decay constant is independent of the amount of the 
substance taken 

(c) l curie = 3.7 xltf^dis 

(d) Actinium series starts with 

13. Which of the following are synthetic elements? 

(a)Tc (b)Pu (c)Np (a)U 

14. Which of the following nuclides belong to actinium 

series? ' 

(a)^'^Po (b)^'^Po (c)^“Rn (d) ^‘"Pb 

15. In a nuclear reactor, heayy water is used to: 

(a) transfer the heat from the reactor 

(b) provide high speed neutrons for the fission reaction 

(c) reduce the speed of fast moving neutrons 

(d) increase the speed of neutrons 



1. 

(a) 

2. 

(b) 

3. 

(c) 

4. 

(c) 

5. 

(b) 

- 6. 

(b) 

7. 

(c) 

8. 

(c) 

9. 

(d) 

10. 

(b) 

11 . 

(d) 

12 . 

(b) 

13. 

(c) 

14. 

(b) 

15. 

(a) 

16. 

(c) 

17. 

(d) 

18. 

(d) 

19. 

(b) 

20 . 

(b) 

21 . 

(c) 

22 . 

(c) 

23. 

(a) 

24. 

(d) 

25. 

(b) 

26. 

(c) 

27. 

(a) 

28. 

(c) 

29. 

(d) 

30. 

(c) 

31. 

(d) 

32. 

(b) 

33. 

(c) 

34. 

(b) 

, 35. 

(a) 

36. 

(a) , 

37. 

(a) 

38. 

(c) 





One or more 

than one dorrect options 











1 . 

(a, b, c) 

2 . 

(a,b) 

3. 

(a, b, c) 

4. 

(a.c) 

5. 

{b,d) 

6. 

(a,c) 

7. 

(a, b, d) 

8 . 

(a, 

9. 

(c,d) 

10 . 

(a,b,d) 

11 . 

(a,d) 

12 . 

{a,b) 

13. 

(a,b, c) 

14. 

(b,d), 

15. 

(a,c) 
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Integer Answer TYPE QUESTIONS 


X y z w 

This section contains 7 questions. The answer to each 
of the questioiB is a single digit integer, ranging from 
0 to 9. If the correct answers to question numbers X, Y, 

Z and W (say) are 6 , 0, 9 and 2 respectively, then the 
correct darkening of bubbles will look like the given 
figure: 


1. The total number of a and p particles emitted in the nuclear 
reaction: 

2|U.-—> ^giPb is: (IIT 2009) 

2. The tj ^2 of 3 radionuclide is 8 hours. Starting with 40 g of the 
isotope, the amount ta gm remaining after one day will be: 

3 

3. If — quantity of a radioactive nuclide disintegrates in two 

4 

hours, its half-life (in hour) will be; 


(D®®<D 
®®® • 
® ® ® ® 
(3) ® 0 ® 
® © ® ® 


4. 480 captures a X-electron into its nucleus. What will be the 
mass number of resulting nuclide? 

[Hint : In X-electron capture, a proton of nucleus changes into 
. neutron. 


^Be+_fe->|Li 

5. . 9 oTh disintegrates to many of P-particles are 

evolved? 

6 . What mass in milligram of Ra, whose (<1 / 2 = 1620 yr), will 
be required to yield 1 millicurie of radiation? 

7. The number of neutrons emitted when ^92 U undergoes 
controlled nuclear fission to ‘I^Xeand^Sris: (IIT 2010) 

[Hint; ->'^e+3>+3[^]] 
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Linked Comprehension Type Questions 



• Passage 1 

There are four radioactive decay series called thorium (4b); 
uranium (4n + 2); actinium (4n + 3)and neptunium (4« + 1)series. 
Neptunium series is artificial while other three series are natural 
End products of each radioactive decay series have stable nuclei. All 
natural decay series terminate at lead but neptunium or artificial 
series terminates at bismuth. 

Answer the following questions: 

1. The end product formed in the disintegration of ^g^Ra is: 

(a)“tTl (b)“gfPb (d) “’Bi 

2. Actinium series begins with an isotope of: 

(a) actinium (b) radium (c) uranium (d) polonium 

3. ^gftRn is a member of actinium series. Another member of 
same series is: 

(a) (b) (c) (d) ^‘^Po 

4. The end products of uranium and actinium series are 

(a) ^“Pb, “^Pb (b) ^“Pb, ”*Pb 

(c) Pb, Pb (d) Pb, Bi 

5. The starting isotope and the end product isotope of actinium 
series are; 

(a) Ac and ^“g^jPb (b) U and Pb 

(c) U and Pb (d) U and Pb 


4. The analysis of a rock shows the relative number of and 


• Passage 2 

Initially the earth was a fire-ball; slowly it has cooled to form 
earth crust and its different layers. At the beginning ^ 9 * 2 ^ was 

present and no ^%Pb was there. With the passage of time, uranium 
decayed to ^g^Rb- The decay process is: 


206 


Pb atoms (PbAJ = 0.2^. The age of rock will be: 

(a) X 4,5 X 10’ log 1.25 (b) x 4.5 x lO’ log 0.25 


0,693 

- , 2.303 , _ ia9 1 A 

(c) " x 4.5 X 10 log 4 


(d) 


0.693 

2.303 


X 0.693 log 4 


0.693 ° ' '4.5x10’ 

Nathan Thomson, one of the first inhabitants of Lord Howe 
Island, decided to plant some European deciduous trees in his 
garden. Unfortunately the exact timing of planting the seeds is not 
known. Over the years, pollen produced by the trees accumulated at 
the bottom of the lake near Nathan's house. Very small quantities of 
radioactive ^'^Pb {ti /2 = 22.3 years) were deposited at the same 
time. Note that European decidum's .'■■r. ■ ^■'climate in their first year 
of growth. 

In 1995. a team of researchers sampled a sediment core fmm jhe__ 
bottom of the lake. The examination of sediment core found that: 

(a) Pollen of trees first occurs at the depth of 50 cm. 

(b) The activity of^^^Pb at the top of sediment core is 
356 Bq! kg and at 50 cm depth 1.40 Bq I kg. 

Answer the following questions: 

5. In what year did Nathan Thomson plant the seeds? 

(a) 17191 2 (b) 18191 2 (c) 15191 2 (d) 19191 2 


pint: 


0.693 2.303 


1/2 


0.693 

22.3 


4ge 

2.303 
L 


log 


L, 


age 

= 176 yrs] 


logf^ 

U.40, 


6. Which step in the decay scheme explains how Pb ends up 
in rain water while its parent is only present in earth’s 
crust? 


(a) "“U- 
(c) ^“Th 


234 - 


V 


234 , 


226 - 


Ra 


(b) 
(d) 


230 . 


‘Th 

Ra — ‘^^Rn 


92 


U ■ 


(xa, ifl) - 


^ iiPb; tin of “V = 4.5 X 10’ yrs 


Answer the following questions: 

1. X and y in above decay series are: 

(a) 6, 8 (b) 8,6 (c) 8, 8 (d) 6, 6 

2. A sample of rock from South America contains equal number 
of atoms of and ^°®Pb. The age of the rock.will be: 

(a) 4.5 X lo’ years, (b) 9 x lO’ years 

(c) 13.5 X lO’ years (d) 2.25 x lO’ years 


[Hint: 


0.693 ^ 2.303 
fin ■ 4ee Hn 
0.693 2.303 , (2 


•^age 

t„A = 4.5 X 1 o’ yrs. 

,0-^111 = 2, N=l] 


•■age 

N, 


3. Atomic mass of U is 238,125 amu. Its packing fraction will 
be: 

(a) 5.25 


• Passage 3 

In the atmosphere, carbon dioxide is found in two forms, i.e., 
'^C 02 and '’C 6 ) 2 - Plants absorb CO 2 during photosynthesis. In 
presence of chlorophyll, plants synthesise glucose. 

hv 

6 CO2 + 6H2O -> C^Hi206 + 6O21 

Half life of^^C is 5160 years. The analysis of wooden artifacts for 
and '^C gives useful information for determination of its age. 

All living organisms; because of their constant exchange of CO^ 
with the surroundings have the same ratio of ’“*0 to i.e., 
1.3 X 10^’^. When an organism dies, the in it keeps on decaying 
as follows: 

14c -^ + Energy 

Thus, the ratio '“*0 C decreases with the passage of time. We 
can measure the proportion of^'^C in the remains of a dead organism 
and determine how long ago it died. The method of carbon dating 
can be used to date anything made of organic matter, e.g., bone. 


(b) 0.125 (c)12.5 


(d) 1.25 
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skeleton, wood,' etc. Using carbon dating, materials have been dated 
to about 50,000 years with accuracy. 

Answer the following questions: 

1. '‘'C exists in atmosphere due to: 


(a) conversion of‘X to‘^C 

(b) combustion of fossil fuel 

(c) bombardment of atmospheric nitrogen by cosmic ray 
neutrons 

(d) none of the above 

2. A wooden piece is 11520 yrs old. What is the fraction of *'*C 


activity left in the piece? 
(a) 0.12 (b)0.25 

, 0.693 2.303 , 

[Hint: - 


/ Wp ■ 
‘ 1/2 

0.693 


5760 

IL 

Nn 


‘^agc 

11520 {N 


(c) 0.50 

7^ J 


(d) 0.75 


^0.25] 


3. In the process of photosynthesis, O 2 gas is released from: 

(a) CO 2 ' (b) HjO 

(c) both H 2 O and CO 2 (d) mechanism is not confirmed 

4. A piece of wood from an archeological-source shows a '“‘C 
activity which is 60% of the activity found in fresh wood 
today. The age of archeological sample will be; 

(a) 4246 yrs (b) 4624 yrs (c) 4628 yrs (d) 6248 yrs 

5. A sample of ancient wooden boat is found to undergo 
9dpmg“' of What is the approximate age of the boat? 
The rate of disintegration of wood recently cut down is 
15 dpmg-' of 

(a) 4246.5 yrs (b) 5384 yrs (c) 4628 yrs (d) 2684 yrs 


• Passage 4 

The mineral monazite is a rich source of thorium, available in 
large quantity in Kerala. A typical monazite sample contains 9% 
Th02 and 0.35% U^Og. ^°^Pb and ^^^Pb are the stable end products 

in the radioactive decay series of Th and U respectively. All the 

lead in monazite is of radiogenic origin. 

The isotopic ratio of Th was found to be 0.104. The 

half lives of Th and U are 1.41 x 10'° years and A.Al x 10® years 
respectively. 

Answer the following questions: 

1. The time elapsed since the formation of monazite sample will 
be; ■ 

(a) 1.34 X 10®. years (b) 2.01 x 10® years 

(c) 1.41 X 10*° years (d) 4.47 x 10® years 

0.693 2.303 


[Hint: 


hti Th 
0.693 
1.4; x 


■ log 


‘age • 

2.303 


1^1 

KN ) 


log (1.104) 


‘age 


‘ 2.01 X10^ years] 
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Pb/ 


Estimated isotopic ratio of 
sample will be: 

(a) 0.166 (b) 0.266 (c) 0.366 


U in the monazite 
(d) 0.466* 


3. Select the incorrect information about ^°^Th: 

(a) It belongs to third group of actinide series 

(b) ^^^Th is fissile material 
■ (c) It is a fertile material 

(d) It belongs to 4n series 

• Passage 5 

Geiger-Nuttal proposed that the activity of a nucleus is inversely 
proportional to its half or average life. Thus, shorter the half life of 
an element, greater is its radioactivity, i.e., greater the number of 
atoms disintegrating per second. Half life and average life are 
related with each other. 

fj /2 = .2:^^ = •[ X 0.693 or T=1.44r,y2 
A 

Answer the following questions; 

1. The half life periods of four isotopes are given: 

- r= 6.7 years; II = 8000 years; III = 5760 years; IV = 2.35-x- 
10^ years. 

Which of these is most stable? 

(a) I (b)II {c)III (d)IV 

2. Mark the incorrect relation: 

isi)No = Ne^‘ (b)T=1.44fo,j , ' ^ 

(d) r ,/2 = A. In 2 

3. Half life of a radioactive element is 10 years. What percentage 
of it will decay in 100 years? 

(a) 0.1% (b)100% (c)99.9% (d) 10% 

• Passage 6 

It has been estimated that the total energy radiated by the sun is 
3.8 X 10^^ J per second. The .source of energy of stars is a 
thermonuclear reaction called nuclear fusion. Fusion reactions are 
not controlled. It is presumed that the, energy of stars is due to two 
processes called proton-proton cycle and carbon-nitrogen cycle. 
Fusion cannot take place at ordinary temperature. Thus, hydrogen 
bomb uses a small fission bomb, which on explosion causes the 
temperature to rise very high, about lO’ K. We have yet to see how a 
hydrogen bomb can be used for peaceful life-sustaining purpose. 
Energy released in the process of fusion is due to mass defect. It is 
also called Q-value. 

Q = hmc^ , Am = mass defect 

Answer the follov^ir.g questions; 

1. The binding energy per nucleon of f H and 2 He are 1.1 MeV 
and 7 MeV respectively. If two deuteron nuclei react to form a 
single helium nucleus, then the energy released is: 

(a) 13.9 MeV (b) 26.9 MeV (c) 23.6 MeV (d) 'l9.2 MeV 

2. Mass equivalent to the energy 931 MeV is: 

(a) 6.02 X 10^^^ kg (b) L662x 10"^’ kg 

(c) 16.66 X lO"^’kg (d) 16.02x10-^*'kg 

3. Fusion reaction takes place at about: 

(a) 3 X 10^ K (b) 3 X 10^ K 

(c)3xl0^K (d)3xlO®K 


(c)W = Wo 


1 

u 
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4, A star has 1 O'*® deuterons. It produces energy via the process: 

fH+fH- 

fH+^H->^He+[,n 

If the average power radiated by the star is 10** W, then the 
deuteron supply of the star is exhausted in a time of the order 
of: 

(a) 10* sec (b) 10® sec (c) 10*^ sec (d) 10** sec 

5. In a nuclear reaction, 

?H+ fH-^|He+ [,« 

if the masses of f Hand jHe are 2.014741 amu and 3.016977 
amu respectively, then the g-value of the reaction is nearly: 

(a) 0.00352 MeV (b) 3.27 MeV 

(c)0.82MeV (d) 2.45 MeV 

• Passage? 

Moderator is a material which is used to slow down the neutrons 
produced during nuclearfission. The neutrons from the source are of 
high speed and energy. Heavy water or graphite moderators slow 
down the speed of the neutrons. The energy of fast moving neutrons 
decreases from 2MeV to 0.02535 eV; it corresponds to the velocity of 
220 m jec”'. At this velocity, the neutrons are in thermal equilibrium 
with the moderator. Such neutrons are called ‘thermal neutrons’. 
Thermal neutrons cause further fission reaction. The essential 
characteristics of moderators are: 

(i) its molar mass must be low, 

(ii) it should not absorb neutrons, 

(Hi) it should undergo elastic collisions with neutrons. 

Answer the following questions;. 

1. The moderator in a reactor: 

(a) absorbs neutrons 

(b) accelerates neutrons 

(c) slows down neutrons 

(d) absorbs thermal energy produced in the reactors 

2. A good moderator should: 

(a) not be a gas only 

(b) not have appetite for neutrons only 

(c) be light in mass number only 

(d) be all the above three 

3. Which of the following is not used as a moderator? 

(a).Heavy water (b) Graphite 

(c) Beryllium (d) Sodium 

4. Moderator in the reactor yields: 

(a) fast moving neutrons 

(b) thermal neutrons 

(c) magnetic neutrons 

(d) electric neutrons 

5. Which among the following character make graphite a good 
= moderator? 

(a) Cross-sectional area of graphite is very high 

(b) Graphite is a good conductor of electricity 

(c) There is elastic collision between graphite and neutron 

(d) Graphite has weak van der Waals’ force between two layers 


• Passage 8 

Radioactive decay follows first order kinetics. The disinte^ation 
of radioactive elements does not depend on the temperature. Unlike 
chemical first order reactions, the nuclear reactions are also 
independent of catalyst. Mean life and half life of nuclear decay 

1 , 0.693 „ \ 

process are T = — and ;— ■ There are a number of 


K 


X 

radioactive elements in nature; their abundance is directly 
proportional to half life. Amount remaining after n half lives of 
radioactive elements can be calculated using the relation: 


N=Nr, 


2 . 


Answer the following questions: 

1. Which is/are true about the decay constant? 

(a) Unit of A, is time^* 

(b) X is independent of temperature 

(c) X depends on initial amount of element taken 

(d) X depends on the nature of radioactive element 
Amount of radioactive element (activity) decreases with 
passage of time as: 

(a) linearly (b) exponentially 

(c) parabolically (d) all of these 

Half life of *®Co is 5.3 yrs, the time taken for 99.9% decay 
will be: 

(a) 0.53 yrs (b) 53 ym 

(c) 530 yrs (d) 5300 yrs 

Rate of radioactive decay is: 

(a) independent of time 

(b) independent of temperature 

(c) dependent on catalyst 

(d) dependent on the amount of element not yet decayed 
Select the. correct relations: 

, , , 0.693 ... 1 


4. 


5. 


(c)t= 1.44 X t, 


1/2 


(d)^: 


1/2 


0.693 


• Passage 9 

In the disintegration of a radioactive element, a and ^-particles 
are evolved from the nucleus. 


o« 


-4 \H + Jie + Antineutrino + Energy 


. 4 \H -> 2 ^e+ 2 + Energy ■ 

Then, emission of these particles changes the nuclear 
configuration and results into a daughter nuclide. Emission of an 
a-particle results into a daughter element having atomic number 
lowered by 2 and mass number by 4; on the other hand, emission of a 
^-particle yields an element having atomic number raised by one. 
Soddy and Fajan proposed that the daughter nuclide may occupy 
different positions in the periodic table. 
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Answer the foDowing questions: 

1. Which of the following combinations give finally an isotope 
of the parent element? 

(a)a,a,p (b)a,Y,a (c)a,P,P (d)P,Y,a 

2. A radioactive element belongs to IIIB group; it emits one ‘a’ 
and one P-particle to form a daughter nuclide. The position of 
daughter nuclide will be in: 

{a)nA (b)lA {c)IIB (d)IVB 

3. During p-decay, the mass of atomic nucleus: 

(a) decreases by 1 unit (b) increases by 1 unit 

(c) decreases by 2 units (d) remains unaffected 


4. How many a and p-particles should be emitted from a 

radioactive nuclide so that an isobar is formed? 

(a)la, iP (b) la,2P {c)2a,2P (d) nP 

5. Select the correct statements among the following: 

(a) Emission of a P-particle results into isobar of parent 
element 

(b) Emission of a p-particle results into isodiaphere of parent 
element 

(c) Emission of one a and two p-particles results into isotope 
of the parent element 

(d) Emission of y-radiations may yield nuclear isomer 




Pasfs^l. 

1 . (b) 

2 . (c) 

3. (a) 

4. (a) 

5. (b) 

FsKsa^l. 

1 . (b) 

2 . (a) 

3. (a) 

4. (a) 

5. (b) 


1 . (c) 

2 . (b) 

3. (b) 

4. (a) 

5. (a) 

Passage 4. 

1 . (b) 

2 . (c) 

3. (b) . 



PiHsageS.' 

1 . (d) 

2 . (d) 

3. (c) 



Passaged. 

1 . (c) 

2 . (b) 

3. (d) 

4. (c) . 

S. (b) 

Passage?., 

1 . (c.d) 

2 . (d) 

3. (d) 

4. (b) 

5. (a, c) 

PassageSL 

1 . (a,d) 

2 . (b) 

3. (b) 

4. (b, d) 

5. (a, b, c, d) 

P»»age9. 

1. (C) A 

2 . (a) 

3. (d) 

4. (d) 

5. (a,b,c, d) 
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Self Assessment <P 

ASSIGNMENT NO. 3 



SECTION-I 

Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is.correct. 

1. Ifl % quantity of a radioactive sub-stance decays in 2 hrs, its 
half life would be; 

(a) 1 hour (b) 45 minutes 

(c) 30 minutes (d) 15 minutes 

2. Radio carbon dating is done by estimating in a specimen; 

(VITEEE 2007) 

(a) the amount of ordinai 7 carbon still present 

(b) the amount of radio carbon still present 

(c) the ratio of amount of '^C to ’^C still present 

(d) the ratio of amount of ’ jC to still present 

3. Which of the following are correct with respect to the unit of 
radioactivity? 

(i) The SI unit of radioactivity is curie (Ci) 

•{ii)lCi=3.7x 10'‘“diss‘‘ • • 

(iii) lBq = 3,7xir'®Ci 

(iv) The SI unit of radioactivity is becquerel (Bq) 

(v) lCi = 3.7x 10'° Bq 

(a) (i) and (iii) (b) (iv) and (v) 

(c),(i) and (ii) (d) (ii) and (iv) 

(e) (i) and (v) 

4. A freshly cut tree and a wooden artifact have 30.4 and 15.2 
countsg^’ min“* of d'* of half life of 5700 years. The age of 
the artifact in years would be: 

■ (a) 2850 (b) 5700 (c) 570 (d) 6930 

(e) 11400 

5. The radioactive isotope of cerium-137 of weight 8g was 

collected on 1st Feb, 2006 and kept in a sealed tube. On 1st 
July, 2006, it was found that only 0.25 g of it remained. The 
half life period of the isotope is: [PET (Kerala) 2007] 

(a) 37.5 days (b) 30 days 

(c) 25 days (d) 50 days 

; (e) 60 days 

6. ■ The number of a and p-particles emitted in the nuclear 

reaction 

“/oTh -^SBiare: (DCE 2007) 

(a) 4a and ip (b) 3a and 7P 

(c) 8a and ip (d) 4a and 7P 

7. A cyclotron cannot accelerate; 

(a) protons (b) deutrons 

, (c) neutrons ^ (d) electrons 

8. Isotope l'^^ has no medicinal importance because: 

(a) it is non-radioactive (b) it is poisonous ' 

(c) it is radioactive (d) none of these 


9. The decay of mass during nuclear fission and fusion are: 

(a) 0.1% and 0.231% (b) 0.231% and 0.1% 

- (c) 0.4% and 0.2% (d) 0.3% and 0.3% 

[Hint: Greater mass is converted to energy in nuclear fusion as 
compared to that of fission.]. 

10. On large'scale, tritium is produced by which of the following 

nuclear reactions? (SCRA2009) 

(a) ^Li + 0 ^;? ^He + 

(b) ^,T+ |H 

(c) ’^N + '« 'iC + ^,T 

(d) ' 7 N+ jll ^|T + Other fragments 

SECTION-II 

Multiple Answers Type Objective Questions 

11. Which of the following will emit positron? 

(a)i’|P (b)’iN (c)[H (d)'^C 


[Hint: 


positron. 


30 d " 


1 and '^N 


these nuclei emit 


Mr,; , 0 

ijSi+ , ,e 


VN --^ 6C+>] 

12 . ' If — ratio is less than 1, the nuclide can; 

P 

(a) /f-capture (b) emit positron 

(c) emit P-particle (d) emita-paiticle 

13. For radioactive decay; 

(a) fj,.4 = 2 • (b) ~ 3 t |/2 

(c) T; 9 % = 2 /90a/, (d) tgoy, = /500/, 


14. Which of the following statements is/are coirect? 

(a) Nuclear fusion produces more energy than nuclear fission 

(b) Nuclear fusion takes place at very high temperature (lO^K) 


(c) Nuclear fusion yields radioactive product 

(d) Nuclear fusion involves chain reaction 

15, Decrease in atomic rffimber is observed during: 
(a) a-emission ^ (b) P-emission 

(c) positron emission (d) Ai-capture 


SECTION-IH 

Assertion-Reason type Questions 

This section contains 4 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is conect. 

(a) Statement-1 is true; statement-2 is tnie; statement-2 is a 
correct explanation for statement- 1 . 

(b) Statement-1 is time; statement-2 is true; statement-2 is not 
a conect explanation for statement- 1 . 
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16. 


17. 


18. 


(c) Statement-1 is true; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 

Statement-1: P-particles are emitted by nucleus. 

Because 

Statement-2: Following transformation takes place in p-emission. 


o« 


!h + 


1^^ ' -1' 

Statement-1: Nuclide joCa is less stable than 20 Ca. 

Because 

Statement-2: Nuclides having even number of nucleons are 
stable. 

Statement-1: Energy is released in the nuclear fusion of 
hydrogen nuclei to form helium nuclei. 

Because 

Statement-2: Binding energy per nucleon of helium is greater 
than hydrogen. 


19. Statement-l: 


133 

56 


Ba + e 


133 


55 CS + X-ray 


20. 


It is an example of X-electron capture. 

Because 

Statement-2: Atomic number of daughter nuclide decreases 
by one unit in X-electron capture. 

pint: Nucleus may capture electron from X-shetl and the 
vacancy is filled by electrons from higher shells; X-ray is released 
in this process.] ^ 

Statement-1: The plot of atomic number (y-axis) versus 
number of neutrons (x-axis) for stable nuclei shows a 
curvature towards x-axis from the line of 45“ slope as atomic 
number is increased. 

Because 

Statement-2: Proton-proton electrostatic repulsions begin to 
■ overcome attractive forces involving protons and neutrons in 
heavier nuclides. (IIT 2008) 

pint: 



Number of neutrons 

In heavier nuclei, attractive forces between proton-neutron 
overcome proton-proton electrostatic repulsion.] 

SECTION-IV 

Matrix-Matching Type Questions 

This section contains 2 questions. Each question contains 
statements given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p, s), (b-q, r), (c-p, q) and (d-s), 
then correct bubbled 4x4 matrix should be as follows; 


0 


© 

0 




© 



© 

0 



© 

0 


21 . 


Match the Column-I with Column-II: 

Column-I 


Column-II 


(a)?D+]T -4 jHe + on + Energy (p) P-emission 


(b) JBe+ jHe- 

-I- ^He 
1 „ V 1 


(c) 12 ‘ 


|c+ 


27 


14 


Si + 


(d) o« 


> :H+ _"e 


Cq) Artificial transmutation 

(r) Discovery of neutrons 

(s) Hydrogen bomb 


22 . 


Match the Column-I with Column-II: 

Column-I Column-II 

(a) n -> p* +. (p) Positron emission 


-> n -F. 


(b) / 

(c) X-ray emission 


(q) P-emission 

(r) X-electron capture 

(d) 4 [} H]-F.-F 2 p'*' -I- Energy . (s) a-emission 

SECTION-V 

Linked Comprehension lype Questions 

Nucleus of an atom resembles with a drop of liquid. Density of 
nucleus is very high, i.e, 10^ tonne/cc or 130 trillion tonnes 
m"^. This density is about a trillion times greater than that of 
water. Density of nuclei of all elements are same, it is 
independent of atomic number or atomic mass. However, the 
radius of nucleus depends on the mass number. Surface 
tension of nucleus is also very high, i.e., about 1.24 x lO'* 
times, the surface tension of water. 

Answer the following questions; 

23. 


The radius of '^C nucleus is: 


-15 


(a) 5 X 10 
(c) 3.5 

pint: F - .0 


m 


(c) 3.5 X 10' ■■ m 


tnXA'’^ where 


(b) 1.4 X 10'^^ m 
(d) 6 xl 0 ‘‘^ m 
= Mass number 
= 1.4x10“'^ 


m 


24. Ratio of volume of atom and nucleus is: 

(a) 10 * : 1 (b) 10 ‘* : 1 (c) 10 ‘^ ; 1 (d) lO’^ 

25. Radius of nucleus is directly proportional to: 




(b)^ 


1/3 




(d)A 


1. (c) 2. (c) 3. (b) 4. (b) 

9. (a) 10. (b) 11. (a,b) 12 . (a, b) 

17. (d) 18. (a) 19. (b) 20. (c) 

22. (a-q)(b.p)(c-r)(d-s) 23. (c) 24. (b) 


5. (b) 6 . (a) ■ 

13. (a, b,c,d) 14. {a,b,c) 

21 . (a -s)(b-q,r)(c-q)(d -p) 
25. (c) 


■ 7. (c) 

15. {a,c,d). 


8 . (a) 
16. (a) 








4.1 INTRODUCTION 

Matter is capable of existing in three physical states; solid, liquid 
and gas. Matter is anything which has mass and occupies space. 
Any substance can exist in either of three states depending on 
temperature and pressure. Liquid and solid states are condensed 
states as they have much higher densities. Both liquids and gases 
are termed as fluids as they have flowing ability. 

The three states of a substance are interconvertible by 
variation of temperature and pressure. A liquid state is 
intermediate between the gaseous state (complete molecular 
randomness) and the solid state (orderly arrangement of 
molecules). 



Cool or 
increase 
pressure 


Heat or 
decrease 
pressure 


Gas 


ISSBSltf 

Liquid 


Cool 


Heat 



Solid 


Fig. 4.1 Schematic representation of states of matter 

Some common characteristics of three forms of matter are 
summarised below; 


i.N8. 


Liquids 

Solids 

1 . 

No definite shape; can fill imifonnly any vol¬ 
ume available; have indefinite volume. 

No definite shape, i.e., assume the shape of 

1 the container; have definite volume. 

Have definite shape and definite volume. 

2, 

Extremely disordered particles; much empty 
space; particles have random motion; 
intermolecular attraction very small but high 
kinetic energies (particles are free to move in 
all directions). 

Disordered clusters of particles; quite close to 
each other; random motion; considerable 
intermolecular attraction; kinetic energy is 
less (particles free to move but always remain 
in contact with each other). 

Ordered airangement of particles; distances 
between the particles are very small and 
fixed. Intermolecular forces are high; vibra¬ 
tional motion only. 

3. 

Low density. 

Intermediate density. 

High density. 

4. 

Compressible. 

Slightly compressible. 

Nearly incompressible. 

5. 

Fluid, diffuse rapidly. 

Fluid; diffuse through other liquids. 

Not fluid; diffuse very slowly only through 
solids. 


SECTION 1 I GASEOUS STATE 


4.2 THE GASEOUS STATE 

Of the three states of matter, the gaseous state is the simplest and 
shows greatest uniformity in behaviour. Gases have the following 
general characteristics; ' 

(i) Gases are highly compressible. These can be compressed 
into smaller volumes, i. e ., increasing their densities by applying 
increased pressure. 


(ti) Gases expand without limit. A gas sample can occupy 
completely and uniformly the volume of any container. 

(iii) Gases exert pressure on the walls of the container 
unifomly in all directions. 

(iv) Gases diffuse rapidly through each other to form a 
homogeneous mixture. Conversely, different gases in a mixture 
like air do not separate on standing. 
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(v) The characteristics of gases are described fully in terms of 
four parameters (measurable properties): 

(a) the volume, V, of the gas 

(b) its pressure, P 

(c) its temperature, T 

(d) the amount of the gas (L e. , mass or number of moles). 

(a) The volume of the container is the volume of the gas 
sample. Volume is expressed in litre (L), millilitre (mL) or cubic 
centimetre (cm^) or cubic metre (m^ ). 

lL=1000mL; lmL =10^^ L 

lL=ldm^ ldm^=10^cm^ 

1 m^ = 10^ dm^ = 10^ cm^ = 10® mL = 10^ L 

(b) The pressure of the gas is the force exerted by the gas per 
unit area of tlie walls of the container. The pressure of gases is 
measured by a device known as manometer. Two types of 
manometers, open-end manometer and closed-end manometer, 
are commonly used to measure gaseous pressure. 

Pressure of one atmosphere (1 atm) is defined as the pressure 
that can support a column of mercury of 76 cm height at 0°C 
(density of mercury = 13.5951 g cm”^) and at standard gravity 
= 980;665 cm s“^. One atmosphere is also referred to as 760 torr. 

I atm = 76.0 cm of mercury = 760 mm of mercury 
= 760 torr 

SI unit of pressure is pascal (Pa) which is defined as the 
pressure exerted when a force of 1 newton acts on a 1 m^ area. 

latm = 101.325x10^ Nm“^ =101.325 kPa 

An older unit of pressure is ‘bar’ which is equal to 10® Pa. 

(c) The temperature of the gas is measured in centigrade 
degree (‘’C) or Celsius degree with the help of thermometers. 

SI unit of temperature is Kelvin (K) or absolute degree. 

K=°c+in 

(d) Mass of gas is expressed in gram or kilogram. 

lkg = 10®g 

The mass of the gas is also expressed in number of moles. 

, „ ^ , Mass in grams m 

moles of gas («) =- — -= — 

Molar mass M 

(vi) All gases obey certain laws called gas laws. 

4.3 GAS LAWS 

(i) Boyle’s law: It relates the volume and the pressure of a 
given mass of a gas at constant temperature. 

The relationship between the volume and the pressure of a gas 
was studied by Robert Boyle in 1662. He found that increasing 
the pressure at constant temperature on a sample of a gas causes 
the volume of the gas to decrease proportionately, i.e., if the 
pressure is doubled, the volume becomes half and so on. Boyle’s 
law states that at constant temperature, the volume of a 
sample of a gas varies Inversely with the pressure. 



(when temperature is kept constant) 


The proportionality can be changed into an equality by 
introducing a constant, k, i. e ., 

F = - or PV-k 
P 


Alternatively, Boyle’s law can also be stated as follows: 
Temperature remaining constant, the product of pressure 
and volume of a given mass of a gas is constant. 

The value of the constant depends upon the amount of a gas 
and the temperature. 

Mathematically, it can be written as, 


PsVx=P2V2=P^V,=... 

Boyle’s law can be verified by any one of the following three 
ways graphically (Fig. 4.2): 


T emperature-constant 
Mass-constant 



(A) 


Temperature-constant 

Mass-constant 



PV 


T emperature-constant 
Mass-constant 


(C) 


Fig. 4.2 

The first curve shows the variation of volume of a given mass 
of gas with pressure at constant temperature. The shape of the 
curve is rectangular hyperbola. This curve is also called 

isotherm. 

The second curve showing the relationship between volume 
and reciprocal of pressure is a straight line. It confirms the 
statement that at constant temperature, volume of a given mass of 
gas is inversely proportional to the pressure. The third curve 
shows a straight line parallel to pressure-axis. This confirms that 
the product of pressure and volume of a given mass of a gas at 
constant temperature is constant. 

Location of straight line and curve changes with temperature 
in the isotherm. 



Fig. 4.2(D) 
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Fig. 4.2(E) 



Fig. 4.2(F) 

According to Boyle’s law, PV = constant at constant 
temperature 

log P + log F = constant 
log P = - log V + constant 



Fig. 4.2(G) 

(ii) Charles’ law: It relates the volume and temperature of a 
given mass of a gas at constant pressure. 

Experiments have shown that when 273 mL sample of a gas at 
0°C is heated to 1°C, its volume increases by 1 mL, Le., it 
becomes 274 mL. At 10°C, the volume increases to 283 mL if the 
pressure remains constant in both cases. Similarly, when 273 mL 
sample of gas at 0°C is cooled to -1°C, its volume decreases to 
272 mL while at -10°C,the volume decreases to 263 mL if the 
pressure remains constant. 

Thus, all gases expand or contract by the same fraction of their 
volumes at 0°C per degree change of temperature, i. e ., for each 
degree change of temperature, the volume of a sample of a gas 

changes by the fraction of its volume at 0°C. 

273 


Let the volume of a given amount of a gas be Vq at 0°C. The 
temperature is increased by P C and the new volume becomes F,. 

t 


Thus, 


■ Fn + — X t -- 
" 273 


^Fn 1 + 


273, 


or 


Vt =n 


273 + A 
273 J 


- (i) 


A new temperature scale was introduced known as Kelvin 
scale or absolute scale named after the British physicist and 
mathematician Lord Kelvin. The lower limit of the scale is 


called absolute zero which corresponds to -273°C. At absolute 
zero or -273°C, all molecular motions would stop and the 
volume of the gas would become zero. The gas would become a 
liquid or solid. Thus; absolute zero is that temperature at 
which no substance exists in the gaseous state. The 
temperature in absolute is always obtained by adding 273 to the 
temperature expressed in °C. 

K = {°C4 273) 

This new temperature scale may be used for deducing Charles’ 
law. 

By substituting T for 273 + t and Pq for 273 in Eq. (i), 

F 


P To 
F 

or — = constant (if pressure is kept constant) 



Fig. 4.3 

This is Charles’ law. It can be stated as follows: 

The volume of a given amount of a gas at constant 
pressure varies directly as its absolute temperature. 

F oc r (if pressure is kept constant) 


Charles’ law can be verified experimentally by plotting the 
values of volumes of a given amount of a gas under respective 
absolute temperatures at constant pressure. The straight line 
confirms the above statement. 

(ill) Pressure-temperature law: It relates the pressure and 
absolute temperature of a given mass of a gas at constant volume. 

Volume remaining constant, the pressure of a given mass 

of a gas increases or decreases by —^ of its pressure ut 0“C 

273 

per degree change of temperature. 


P, =Po + 


^0 xt 
273 


P, =Po 



or 
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or 


or 


or 


r 273 + ? 

[ in j 


T n 


P <x^T (if volume is kept constant) 


V‘ 

V‘ 


... (i)(at constant temperature and definite mass) 


At constant volume, the pressure of a given amount of a 
gas Is directly proportional to Its absolute temperature. 

4.4 IDEAL GAS EQUATION 

This equation is obtained by combining Boyle’s and Charles' 
laws. 

■ 1 

P 

■ T ... (ii) (at constant pressure and definite mass) 

Combining eqs. (i) and (ii), we get 

T 
P 

T 

From the above relation, we have 


constant 


(for definite mass) 
... (iii) 


PiV, _P2V, 


(iv) 


From eq. (iii). 


PV 




or 


(v) 


PV = RT for 1 mole gas 
PV = nRT for nmole gas 

When mass of the gas is taken in grams, the value of n will be 
given by; 

Mass of the gas in gram 

fi =- 

Mol. mass of the ^s in gram 

Let w and M be the mass and molecular mass of a gas; then 
w 

11 = ■ 


or 


or 


M 

Hence, eq. (v) becomes 
w 

PV = — RT 
M 

w RT 
M 
d 


w _ Mass 
V Volume 


M 


RT 


... (Vi) 

■ Density (d ) 

... (vii) 


Eqs. (vi) and (vii) are modified forms of gas equation. The 
above equations are strictly followed by ideal gases. 

Nature of Molar Gas Constant R 

Gas equation for one gram mole, 

PV=RT ■ 


or 


R- 


Pressure = 


P xV _ Pressure x Volume 
T Temperature 

Force Force 


Area (Length)^ 
Volume = (Length)'^ 

Force 


So. 


R 


(Length) ‘ 


X (Length)' 


Temperature 
Force x Length 


Temperature 
- Work 
Temperature 

Thus, the value of R should always be expressed in units of 
work per degree kelvin per mole. 


Numerical Values of R 


R- 


PV 


One gram mole of a gas at one atmospheric pressure and 0“C 
(273 K) occupies a volume 22.4 litre. 


So, 


P - 1 atmosphere, T = 273 K, 
p. 1 ^ 22 . 4 ' 


V = 22.4 litre 


273 

= 0.0821 litre-atmK"' mol"' 

If pressure is taken in dyne/cm" and volume in mL, 
P=76x\3.67x 98 ldyne/cm^F = 22400 mL for 1 mole, 
T=-2nK 

76x 13.67x981x22400 


So, 


R 


in 

= 8.314 X lO’erg K"‘ mor' 

Since, 1 joule = lO’erg, so 

if = 8.314 joule K"' mol"' 

Since, 1 calorie = 4.184 x 10^ erg, so 
8.314x10^ 

4.184x10'' 

= 1.987 » 2 calorie K"' mol"' 

Note: Although, R can be expressed in different units, but for 
pressure-volume calculations, R must be taken in the same units 
of pressure and volume. 

Barometric Distribution 

In the case of ordinary gases, pressure in the container is 
unaffected by the gravitational field. But in high molecular mass 
polymeric gases, pressure varies with height. 

Let Pq be the pressure at ground level and P be the pressure at 
height ‘/t’; then 
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2.303 log 


10 




Mgh 

R 


Similarly for density and number of moles the equation may 
be given as: 


2.303 log 


2.303 log 


10 


10 




\Mgh\ 



L R J 


= _J 

' Mgh\ 

fhj 

1 

. R.\ 


These relations are valid under isothermal conditions for 
density, pressure and number of moles. 

If temperature is not constant then the relations of barometric 
distribution may be given as, 

Mgh 


2.303 log 


r p ^ 


10 


2.303 log 


10 


V^oY 


L«0Y 


RT 

Mgh 


Open vessel concept: In open vessel of a gas, pressure and 
volume are always constant. 

PV = n^RTi ...(}) 

PV = n2RT2 ... (2) 

Here, u, and ^2 number of moles at temperatures Tj and 

T2- 

Dividing eq. (1) by (2), we get 

>1,7] = n2^2. 

Dry and moist gas: If volume under moist condition is 
given then volume of dry gas can be determined. 

P . V .= P. 

* moist ^ moist ^ dry dry 

'’moist ~ Aqueous tension or vapour pressure of water 
Partial pressure of water in air 


dry 


Relative humidity: 


Vapour pressure of water 


Payload (Lifting Capaoity of Balloon) 

When a balloon is filled with lighter gas like H 2 and He 
(lighter than air) then it rises up due to the difference in the 
density of air and the gas. Payload or lifting capacity of balloon 
may be calculated as: 

Mass of gas filled in the 

Pay Load = 


Mass of air filled 
in the balloon 


balloon at same tenpera - 
ture and pressure 

Mass of 
balloon 


::Ui|^^S Of«SOILWEDE)W4I^S 


•••• ■ 

•••«< 


Example 1. A sample of a gas occupies 10 litre under a 
pressure of I atmosphere. What will be its volume if the pressure 
is increased to 2 atmosphere? Assume that the temperature of the 
gas sample does not change. 


Solution; Fj =101itre V 2 

Pj = 1 atm P 2 
Applying Boyle’s law. 


: 2 atm 


P^V, -P2V2 


So, 


P,F, 


1x10 


Pi 2 


= 5 litre 


Example 2. A sample of a gas occupies 600 mL at 27 °C 
and 1 atm. What will be the volume at 127°C if the pressure is 
kept constant? 


Solution: F, =600mL T, 


: 27+273 = 300 K 
a27 + 273 = 400K 


Applying Charles’ law. 


YlJi. 

T, T 2 
F, = ^ X r. 


_ 600x400 
300 
= 800 mL 

Examples. A gas cylinder containing.cooking gas can 
withstand a pressure of \A.9 atmosphere. The pressure gauge of 
the cylinder indicates 12 atmosphere at T1°C. Due to a sudden 
fire in the building, the temperature starts rising. At what 
temperature will the cylinder explode? 

Solution: Since, the gas is confined in a cylinder, its volume 
will remain constant. 

Initial conditions Final conditions 


Pi =12 atm 
Pi =27+273 = 300K 
Applying pressure-temperature law, 

P, _P2 


: 14.9 atm 

: 9 


So, 


P2xr, 


14.9x300 

12 . 


= 372.5 K 


Temperature in ° C = (372.5 - 273) = 99.5° C 

Example 4. A 1000 mL sample of a gas at -13°C and 2 
atmosphere is heated to 123°C and the pressure is reduced to 0.5 
atmosphere. What will be the final volume? 

Solution: 


Initial conditions 

P, = 2 atm 
F, =1000mL 
r, =-73°C=(-73+273) 
= 200K 


Final conditions 
P 2 = 0.5 atm 
F2=? 

r2 =123°C = (123 + 273) 
= 400K 
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We know that. 


2x100Q_0.5xF2 

oO, - 

200 400 

„ 2x1000x400 

or F, =- 

^ 200x0.5 

= 8000 mL 

Example 5. A sample of a gas occupies a volume of 5\2 
mL at 20°C and 74 cm of Hg as pressure. What volume would this 
gas occupy at STP? 

Solution: 

Initial conditions Final conditions (STP) 


P] = 74 cm 


Pj = 76 cm 


:20°C = (20+273) = 293K, 
:512mL 


^0°C= 273K 


We know that, 


74x512 76xF, 


293 273 

^ 74x512x273 

So, F, =- 

293 X 76 

= 464.5 mL 

Example 6 . 3.7 g of a gas at 25°C occupied the same 
volume as 0.184 g q/" hydrogen at\l°C and at the same pressure. 
What is the molecular mass of the gas? 

Solution: For hydrogen, 

w=0.184g; r=17+273 = 290K; M = 2 
w 

We know diat, PV = ~ RT 


For unknown gas, 
w = 3.7 g; 


■ X P X 290 


: 25+ 273 = 298 K; 
3.7 _ „ . 


x P X 298 


Equating both the equations, 
— xPx298 = 


• X P x 290 


_ 3.7x298x2 „ 

or M = -= 41.33 

0.184x290 

Example 7. What is the pressure ofHCl gas at -A0°C if its 
density is 8.0 kg ? (P = 8.314 J Kmol ) 

Solution: Equation for ideal gas. 


= density = d 


„ w RT 
p = — x — 
V M 


Given, P = 8.0kgm“^; P = 8.314moF*; 

P = -40+273 = 233K 

and M = 36.5 g mol"' = 36.5 x 10'^ kg moF* 

Substituting the values in the above equation, 

36.5x10"’ 

Example 8 . A certain quantity of a gas occupies 100 ml 
when collected over water at 15°C and 750 mm pressure. It 
occupies 91.9 mL in dry state at NTP Find the aqueous vapour 

pressure at \5°C. _ 

Solution : Let the aqueous vapour pressure be p nun. 

Initial conditions NTP conditions 

P, (dry gas) = (750-p) mm P 2 = 760mm 


F, =100mL 


F 2 =9L9mL 


Pi = 15 + 273 = 288K P 2 =273K 

Applying gas equation, 

(750-p)x 100 _ 760x91.9 
' 288 273 

760x91.9x288 


750-p = 


100x273 
1 736.8 mm 


p = 750- 736.8 
= 13.2 mm 

Example 9. A balloon of diameter 20 m weighs 100 kg. 
Calculate its payload if it is filled with helium at 1.0 atm and 
21°C. Density of air is 1.2 kg mT^. 

(P = 0.082 dm^ atmK mol ) (jjj 1994 ) 


Solution: 


Volume of balloon = - x — x (10)^ = 4190.47 m^ 

3 3 7 

Mass of the air displaced = 4190.47 x 1.2 = 5028.56 kg 

PF 

No. of moles of helium in the balloon = — 


1x4190.47x10^ 

0.082x300 


: 170344 


Mass of helium = 4 x 170.344 x 10^ g = 681.376 kg 
Mass of filled balloon = 681.376 + 100 = 781.376 kg 
Payload = Mass of air displaced - Mass of filled balloon 


: 5028.56- 781.376 = 4247.184 kg 
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Example 10. The density of a gas is 0.259 gL^ atAOOK 
and 190 ton: Find its molar mass. 

760 torr = 1 atm 


Solution: 

So, 

We know that, 


or 


,AA 190 

190 torr =-atm 

760 

P = — RT 
M 

M = ±RT 
P 


Given, d = 0.259 gL" ; 


i? = 0.0821 L-atm K”' moP'; 


n 190 
P = —- atm; 
760 

r = 400 K 


M = 


0.259x0.0821x400x760 

190 


: 34.02 g mol 


-1 


Example 11. The density of phosphorus vapour at 310°C 
and 775 torr is 2.64 g dm~^. What is the molecular formula of 
phosphorus? 

Solution: We know that, P = —RT or M- — RT 

M P 

5 775 

Given, d = 2.64 g dm ; P = -— atm; 

760 

P = 0.0821 dm^ atrnK^' moP' 


and 


r = 310 + 273= 583 K 


^ 2.64x0.0821x 583x 760 

So, M = -= 123,9 g mol 

775 

Atomic mass of P = 31 g mol 

123 9 

No. of P atoms in a molecule =-^ = 3.997 = 4 

31 

Hence, molecular formula of phosphorus = P 4 

Example 12. What percentage of a sample of nitrogen 
must be allowed to escape if its temperature, pressure and volume 
are changedfrom 220°C, 3.0atm and 1 .65L to 110°C,0.7a/OT and 
l.OL respectively? 

Solution: Applying the formula, m (mass of the gas) 
PVxM 

=-^— under both the conditions, 

RT 

f ar ■ 3.0x1.65x28 

Mass of gas before escaping,=-= 3.42 g 

0.0821x493 

^ . 0.7x1.0x28 

Mass of gas after escaping =-= 0.62 g 

0.0821x383 


Percentage of nitrogen allowed to escape 

(3.42-062) 


X 100 = 81.87 


Example 13. The density of oxygen is 1.43 g L ’ at STP. 
Determine the density of oxygen at \1°C and 800 ton: 

Solution: Applying the fomiula d ■■ 


MP 

RT 


At STP, 


MF, 

'rt 


[F, = 760 torr; f = 273 K; rf, = 1.43 g L”' ] 


At given conditions, dj = 


MPj 


So, 


or 


RF_ 

[F, =800 torr; Fj =290^^, 

Ax^ ' 
h"" P: 

F 2 


:?] 


■d~xd 

h 

ITi 


800 ... 

-X-X 1.43 

760 290 

-1 


= 1.417gL' 

Example 14. A car tyre has a volume of 10 litre when 
inflated. The tyre is inflated to a pressure of 1 atm at 17°C with 
air. Due to driving the temperature of the tyre increases to 47 °C. 
(a) What would he the pressure at this temperature? {b) How 
many litres of air measured at 47°C and pressure of\ atm should 
be let out to restore the tyre to 3 atm at 47 °C? 

Solution: (a) At constant volume, 


.Pi 


or 


or 


3 

290- 


Ti - 

-A 

' 320 
320x3 


290 


: 3.31 atm 


(b) Pressure to be decreased in tyre 

= 3.31-3.0 = 0.31 atm 

Let the volume of the gas to be taken out at 1 atmospheric 
pressure be V. As the temperature remains constant, i. e. , 47°C, 
Boyle’s law can be applied to determine V. 

lx K = 0.31x10 

or F = 3.1 litre 

Example 15. Oxygen is present in a one litre flask at a 
pressure of 7.6x10'”*® mm of Hg. Calculate the number of 
oxygen molecules in the flask at 0°C. 

_PV 
RT' 

„ 7.6x10"'° 

p = -= 10 atm 

760 

V = 1L, F = 273 K, F = 0.0821 L atm K"' moP' 


Solution: 


(i) 


3.42 
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From eq. (i) n - 


10^‘^ X 1 


0.0821x273 
Number of molecules = « x 6.023 x 10^^ 


10 


•12 


0.0821x273 


10 


x 6.023x 10 


23 


= 2.68x10 

Example 16. An open flask contains air at 21°C. 
Calculate the temperature at which it should be heated so that 
M 3rd of air measured at 27 °C escapes out. 

Solution: Let the initial number of moles of air at 27°C 
(300 K) be = n 

Number of moles of air left when the air is heated to 

the temperature T K = n - — = — 

3 3 

At constant pressure and constant volume, 

=nfr2 


or 

or 


«x300 = —xr 
3 


r = 450 K = (450 - 273) = 177° C 
Example 17. A mixture of CO and COj “ found to have a 
density of\.5 gU^ at 30°C and 130torn What is the composition 
of the mixture? 

Solution: Let the average molecular mass be M. 
dRT 1.5x0.0821x303x760 

P 730 

Let X mole of CO and (1 - x) mole of CO 2 be present. 
xx28+(l-x)x44 = 38.85 
x = 0.3218 

mole % of CO =-32.18 and mole % of COj =67.82 
Example 18. Calculate the value of molar gas constant, 
'R'in ii)cc atm K moF^ {ii)torr cc K mol iiii)kPa litre 
K OTo/-‘. 

Solution:' (i) When the pressure is expressed in atmosphere 
and volume in cc. 

P=latm; F = 22400cc 
PV 1X 22400 


R- 


= 82.1 cc atm K moF 


nT 1x273 

(ii) When the pressure is expressed in tqrr and volume in cc. 
P = 760torr; F= 22400 cc 
760x22400 


R = 


1x273 


• = 62360 torr cc K~ mol 


-1 


(iii) When the pressure is expressed, in k Pascal and volume in 
litre. 


P = 101.3 kPa;F = 22.4 litre 
PV 101.3x22.4 


R=- 


nT 


.1x273 


8.31 kPa litre K mol" 


Example 19. The pressure exerted by 12 g of an ideal gas 
at temperature t°C in a vessel of V litre is one atmosphere. When 


the temperature is increased by I0°C at the same volume, the 
pressure increases by 10%. Calculate the temperature t and 
volume V {Molecular mass of the gas = 120). (IIT1999) 

Solution: As the volume is constant, pressure law can be 
applied, i. e ., 

Pi Ti 


or 


_ 1 _ 

1 . 1 ' 


t+ 273 


< + 283 ■ 

or r = -173°C=100K 

Now, applying gas equation, 

PV^nRT 

12x0.082x100 


or 


i?r = 


120x1 


0.82 litre 


Humw oy OtliCTIViQUilTiOHS 

1. '2.5 L of a sample of a' gas. at 27°C and 1 bar pressure is 
compressed to a volume of 500 mL keeping the temperature 
constant, the percentage increase in the pressure is; 

(a) 100% (b)400%' (c) 500%. (d) 80% . 

[Ans. (b)] ' 

[Hint: PiV,=P 2 V 2 

1 X 2.5 =p2 X 

2 

P 2-5 bar 

Increase in pressure 

% Increase =--——- x 100 

Initial pressure 

= i X 100 = 400%] 

1 

2. Which of the following gases will have density of 1 .8 g L~' at 
760 torr pressure and 27°C ? 

• (a) O 2 (b) CO 2 (c) NH 3 (d) SO 2 

[Ans. (b)] , 

[Hint: Pm = dRT 


dRT 1.8x0.0821x300 

P ^ 1 


:44 


3. 


The gas will be COj.] 

10 g C 2 Hg is filled in a bulb of 1 litre capacity which can 
withstand a maximum pressure of 10 atm. At what 
temperature will the pressure of gas reach the bursting limit? 
(a)76°C (b)361.4°C (c) 92.4°C (d) 12(FC 

[Ans. (c)] 

PV 10x1 


[Hint: T = 


nR 


= 365.4 K = 92.4° C] 


(10/30) X 0.0821 

The vapour of phosphine gas at 27°C and 3 bar pressure has 
density: 

(a) 4.09 g mL~' (b)4.14gL"‘ 

(c) 2.04 kg L"' (d) 2.04gL"' 

[Ans. (b)] , 
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[Hint: 



3x34 

0.0821 X 300 


= 4.14gL-'] 


5. Coefficient of volume expansion of a gas is: 


(a)^; 

2 

273 

273 

3 

. .s 4 

(c)-^ 

(d) — 

273 

273 

[Ans. (a)] 



[Hint: According to Charles’ law, 





F, = Fo(l+af) 

a =-= Coefficient of volume expansion 

273 


Here, = Volume at 0°C and V, = Volume at t “C] 

6 . A gas has a vapour density 11.2. The volume occupied by I 
gram of the gas at STP will be; 

(a) 11.2 L (b) 22.4 L (c) 1 L (d) 10 L 
[Ans. (c)] 

[Hint; Number of moles =—— 

Molar mass 

Mass 

2 X Vapour density 


1 _ 1 
2x11.2 “'22.4 


Volume of gas = n x 22.4 L 

= _J^ X 22.4 L = 1 L] 

22.4 

7. When a gas is heated from 25°C to 50°C at constant pressure 
of 1 bar, its volume: 

(a) increases from Fto 2F 

(b) increases from Fto 1.5 F 

(c) increases from F to 1.084F 

(d) increases from Fto 1.8F 
[Ans. (c)] 



298 323 


F, = F x —= 1.084 F ] 

^ 298 

8 . The molecular weights of two ideal gases A and B are 
respectively 100 and 200. One gram of A occupies V litre of 
volume at STP. What is the volume (in litre) occupied by one 
gram of B at STP? (EAMCET 2006) 

(a) I (b) F (c) F' (d) 2F 

[Ans. (a)] 

[Hint: Under identical conditions of temperature and pressure: 

Ya^Ha 



V _ 1/100 
Vg ~ 1/20D 



A bubble of volume Fj is at the bottom of a pond at 15°C and 
1.5 atm pressure. When it comes at the surface, it observes a 


pressure of 1 atm at25°C and has volume Fj; give 




(a) 15.5 (b) 0.155 

[Ans. (d)] 


(DCE 2006) 

(c) 155.0 (d) 1.55 


[Hint: 


Ti h 

F, /iT, 


1.5x288 
l x 298 


4.5 DALTON’S LAW OF PARTIAL 
PRESSURES 

When different gases that do not react chemically with each other 
are enclosed in the same container, they intermix rapidly and 
exert a definite pressure. Again, each of the gas in the mixture 
exerts its own individual pressure if it is present only in the same 
container at the same temperature. John Dalton, in 1801, 
established the relation between the pressure of the mixture of 
gases and individual pressures of the constituent gases. This 
relationship is known as Dalton’s law of partial pressures. It 
states that, 

At a given temperature, the total pressure exerted by two or 
■ more non-reacting gases occupying a definite volume is equal to 
the sum of' the partial pressures of the component gases. 

' Mathematically, 

Pa +'Pb + Pc + ■■■ 

when P is the total pressure and p^ , pg, p/~ ,...are the partial 
pressures of the component gases respectively. The 

pressure that a component gas of the gaseous mixture 
would exert if it were only present in the volume under 
consideration at a given temperature, is the partial pressure of 
the component. 

Derivation of Dalton’s Law 

Let n, and nj be the no. of moles of two non-reacting gases 
‘A ’ and ‘B’ filled in a vessel of volume ‘ F’ at temperature T. 

Total pressure in the vessel ‘P’ may be calculated as, 

PF = (n, +« 2 )/fr ...(i) 

Individual or partial pressure may be calculated as, 

PAP = niPT •••00 

PgV = n^RT ... (iii) 

Adding eqs. (ii) and (iii), we get 

(P/f +Pfl)^ = («l +«2)^^ •■•Ov) 

Comparing equations (i) and (iv), we get 

P~ Pa + Ps (Dalton’s expression) 
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Dividing eq. (ii) by (i), we get 

Pa _ «r _ ^ 

P «i+n2 ^ 

Pa =^a ■ 

where, = mole fraction of‘y4’. 

Similarly, dividing eq. (iii) by (i), we get 
Pb =XbXP 

i.e.. Partial pressure of a component 

= Mole fraction x Total pressure 

Relationship between Total Pressure and Individual 
Pressure (before Mixing) of the Constituent Gases at 
Constant Temperature 

At constant temperature, let Fj volume of a gas A at a pressure 
Pi be mixed with V 2 volume of gas .8 at a pressure p 2 . Both these 
gases do not react chemically. 

Total volume = Pj + F 2 

Let the total pressure be P and partial pressures of A and B be 
and Pb respectively. Applying Boyle’s law, 

PAiVx^Vi)-^PiV^ ...(i) 

and Pb (Fj + F 2 ) = P 2 V 2 ■ ■ ■ (ii) 

Adding eqs. (i) and (ii), 

„ , _ _ , PiVi ^Pi^i+PiVi 

Pa + Pb ——— -1- 

F,+F, F, +F 2 F, +F 2 

or PiF, +P 2 F 2 

F 1 +F 2 

In the laboratory, it is often convenient to collect a gas over 
water. When a gas is collected over water, the observed pressure 
of the gas is equal to the sum of the pressure of dry gas and the 
pressure of water vapour. 

Therefore, the pressure of dry gas 

= pressure of moist gas - pressure of water vapour 
= pressure of moist gas - aqueous tension 

Amagat Law of Partial Volume 

Total volume of a mixture of gases which does not react at 
constant temperature and pressure is equal to sum of individual 
volumes (partial volumes) of constituent gases. 

F = EF,.=F,+F 2 +F 3 +... + F,, 

4.6 DIFFUSION OF GASES AND 
GRAHAM’S LAW OF DIFFUSION 

When two or more non-reacting gases are kept side by side, they 
have the tendency to mix with one another spontaneously and 
form a homogeneous mixture. This can occur also if two gases 
have different densities. The heavier gas moves up and the lighter 
one comes down even against the action of gravity. Such a 
phenomenon is due to the fact that gas particles are moving at 
random with very high velocities and there is much 
intermolecular empty space in the volume of any gas. When two 
gases are brought together, they mix with each other in no time. 


This ability of a gas to mix spontaneously and to form a 
homogeneous mixture is known as diffusion. It is due to this 
phenomenon that we can readily detect the fragrance of a flower 
or a perfume or bad smell of hydrogen sulphide, sulphur dioxide, 
chlorine, etc., when these are evolved or used in any work in 
laboratory or in industry. 


Effusion 

It is a process in which a gas is aUowed to escape under 
pressure through a fine orifice or a smaU aperture made in 

the wall of a closed container. The difference between diffusion 
and effusion is that in the former case, the gas spontaneously 
streams through a porous partition while in the case of effusion, 
the gas is forced out through a small hole by applying some 
external pressure. However, both the processes are essentially the 
same. 


Instantaneous rate of effusion is directly proportional to the 
instantaneous gas pressure and inversely proportional to the 
square root of molar mass. - 


dP 


dt 

T^2 ^ 

Ja, p 


In 




KP 

4m 

K 

~7= 

Kt 

■Jm 


In P 2 = In P] 


Kt 

■Jm 


P2 

Hence, partial pressure decreases exponentially with time as 




Fig. 4.4 Variation of partial pressure of gas with time, 
in the process of effusion. 


Graham’s Lav%of Diffusion or Effusion 

This law was presented by Thomas Graham in 1833. The 
law states that “At constant pressure and temperature, the 
rate of diffusion or effusion of a gas is inversely proportional 
to the square root of its density.” 

Rate of diffusion “ -= 

4d 

If q and r 2 represent the rates of diffusion of two gases and d^ 
and 82 are their respective densities, then 

K 
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density of gas II 


density of hydrogen _ IVD gas II 
density of gas I ^ VDgasI 


density of hydrogen 


2 VD gas II _ Mol. mass gas II 


2 VDgasI ^ Mol. mass gas I ^ 
Volume of gas diffused 


M, 


Rate of diffusion = ■ 


Time taken for diffusion 


i e., the volume which diffuses in unit time. 

(i) Comparison of times taken for the same volume of two 
gases: Let the times of diffusion for the same volume of two 
gases be t, and t 2 respectively; then 
' 'V 



or 

(ii) Comparison Of the volumes of the gases that diffuse in 
same time: Let Fj and V 2 be the volumes of two gases that 
diffuse in the same time t. Then 

n . t _ 



^ 

t 

(iii) Effect of pressure on rate of diffusion: When pressure 
is not constant then rate of effusion may be taken proportional to 
pressure. 


Vm 


roc P 


Combination of these equations gives: 

P 


or, 


How to Determine Rate of Diffusion? 

(a) Rate of diffusion is equal to distance travelled by gas per 
unit time through a tube of uniform cross-section. 

(b) Number of moles effusing per unit time is also called rate 
of diffusion. 

(c) Decrease in pressure of a cylinder per unit time is called 
rate of effusion of gas. 

Application of Graham’s Law of Diffusion 

According to Graham’s law of diffusion, the ratio of rate of 
diffusion of two gases may be given as: 




M 


I J 


where, and M 2 are respective molar masses of the gases. 


The factor 






is called enrichment factor; this tells 


about the preferential effusion of lighter species relative to the 
heavier ones. This emichment can be applied to 
separate isotopes. For example, the isotope the active 
component in atomic weapons arid in nuclear power generation, 
has a natural abundance of only 0.7% while is far more 
abundant. By reaction of the isotopic mixture with fluorine, 
gaseous UF^ is produced and can be enriched by passing it 
through a porous barrier. The process of diffusion through the 
porous barrier is repeated many times to achieve sufficient 
enrichment. 

Separation factor ‘ / ’ = .-. 

«, / n 2 

where, «[n 2 ^nd n^' 1 ^ 2 ' are the concentration of two isotopes 
before and after diffusion. 

Theoretical separation factor for single step /'; 

Let enrichment of species ‘ 1’ is achieved after ‘ n' times then 

n, / rt 2 


1 1 f / « 2 't 

n log / = log ' ‘ 



Vffi ' ”2 7 


n{ / /J 2 ^ 
«i '' «2 7 
n{ / « 2 '' 

n, / «2 7 


2 log 


n[ / n 2 
V«i ''”27 


2 log (/) 


log (M 2 /Ml) 


log 


M. 


\' 


^Mi .j. 


: I Solved Examples\ || 


••• •' 
!••• • ■ 


Example 20. A 10 litre flask contains 0.2 mole of methane, 
0.3 mole of hydrogen and 0.4 mole of nitrogen at 25°C. What is 
the partial pressure of each component and what is the pressure 
inside the flask?. 

Solution: P = - 

V 

r u 0-2 X 0.0821 X 298 

Partial pressure of methane =-^-= 0.489 atm 

10 

D 1 rn 0:3 X 0.0821 X 298 . . 

Partial pressure of hydrogen =--= 0.734 atm 

„ . , ^ . 0.4x0.0821x298 

Partial pressure of nitrogen =-^-= 0.979 atm 
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Total pressure = (0.489 + 0.734 + 0.979) atm 
= 2.202 atm 

Alternative solution: Total number of moles 
= 0.2+0.3+0.4 = 0.9 
Let the total pressure be P. 

We know that, 

total number of moles 


V 


■RT 


V=\0 litre, P = 0.0821L atm K“', T = (25 + 273) = 298 K 

p = i:? X 0.0821 X 298 = 2.20 atm 
10 

Partial pressure of CH 4 = Mole fraction of methane 

X total pressure 

= — x 2.20= 0.489 atm 
0.9 

Partial pressure of H 2 = Mole fraction of H, x total pressure 

= —x 2.20= 0.733 atm 
0.9 

Partial pressure of Nj = Mole fraction of N 2 x total pressure 

= -^x 2.20 =0.978 atm 
. . 0.9 

Example 21. If 200 mL of N 2 at 25°C and a pressure of 
250 mm are mixed with 350 mL of O, tit 25°C and a pressure of 
300 mm so that, the volume of resulting mixture is 300 mL, what 
would be the final pressure of the mixture at 25°C? 

Solution: In the case of nitrogen, volume increases,^ its 
pressure must decrease. Let the new pressure be P^^. 

Pnj = —— = 166.6 mm (Applying Boyle s law) 

• In the case of oxygen, volume decreases, its pressure must 

increase. Let the new pressure be Pq, . 

0 300x350 ■ /A 1 - D 1 ^ 1 % 

Pq, =— ^00 =j50mm (Applying Boyle s law) 

, Total pressure = Pj 4 ^ + = (166.6+350)= 516.6 mm 

Example 22. 1.22 g of a gas measured over water at \5°C 

and a pressure of 775 mm of mercury : occupied 900 mL. 
Calculate the volume of diy gas at NTP. Vapour pressure of water 
at \5°C is \A mm. 

Solution: Pressure of dry gas = Pressure of moist gas 

- Aqueous tension 

= 775- 14 
= 761 mm 

NTP conditions 


Initial conditions 
F| =900mL 
■ 761 mm 




1 


760 mm 


Since, 


f =(273+ 15)= 288Kr2 =273K 


P,F, 


So, 


‘1 


= 


P,VJ2 

fPj 


_ 761x900x 273 

• ~ 288x760 

= 854.2 mL 

Example 23. When 2 g of a gaseous substance A is 
introduced into an initially evacuated flask at 25°C, the pressure 
is found to be hatmosphere. 3 g of another gaseous substance B 
is then added to it at the same temperature and pressure. The 
final pressure is found to be 1.5 atmosphere. Calculate the ratio 
of molecular masses of A and B assuming ideal gas behaviour. 

Solution: Let the molecular masses of A and B be M^ and 
Mg respectively. 

Pressure exerted by the gas fi = (1.5 - 1.0) = 0.5 atm. Volume 
and temperature are same in both the gases. 

For gas yf; P=latm, w=2g, 


We know that, 

IxF 

For gas B: P 


w 

PF.= -!i^r 
M 




■RT or M , 


2RT 


0.5 xV 


0.5 atm, 
3 

Ms ' 


w - 


3g 

RT or Mo = 




V 

3RT 
0.5 xF 


...(i) 


.(it) 


Dividing Eq. (i) by Eq. (ii), 
M. 


M c 


2RT 0.5 xF 
~~V^ 3RT 

2 X 0.5 _ 1 
' 3 3 


Thus, 


M, 


:Mg=l:3' 

Example 24. Find the total pressure exerted by 1.6 g 
methane and 2.2 g COo contained in a four litre flask at 21°C. 


Solution: 


PF = (n, +n 2 )RT 


Px4: 


116 44. 


X 0.082lx 300 


P = 0.9236 atm 

1500 mL flask contains 400 mg O 2 and 60 mg 


Example 25. 

/fj 100°C. 

(a) What is the total pressure in the flask? 

(b) If the mixture is permitted to react to form water vapour at 
100°C, what will'be left and what will be their partial pressures? 

■ Solution; (a) No. of moles of Oj = —— = 0.0125 


No. of moles of Flo 


Partial pressure of O 2 


Partial pressure of H 2 


60 


1000x32 
:0.03 

1000 x 2 

0.0125x0.0821x373 
~ L5 

0.03x0.0821x373 


: 0.255 atm 


: 0.612 atm 


Total pressure = 0.255 + 0.612 = 0.867 atm 
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(b) 


Initial 

After reaction 


2H2 

0.03 

0.005 


O, 


2H2O 


Partial pressure of Hj = 
Partial pressure of HjO: 


0.0125 0 

0 0.025 

0.005x0.0821x373 

L5 ^ 
0.025x0.0821x373 

~~L5 


= 0.102 atm 


: 0.51 atm 


Example 26. 20 dm^ of SO 2 diffuse through a porous 
partition in 60s. What volume of Oj will diffuse under similar 
conditions in 30 s? (IIT 1996) 

TO 

Solution: 


20 

Rate of diffusion of SO, = — dm^ s“' 
^ 60 


Rate of diffusion of O, 


ildm' S-' 
30 



According to Gralj.am’s law of diffusion, 


(F/30) _ 
(20/60)“ 


F = 14.1dm^ 

Example 27. 50 volume of hydrogen take 20 minute to 
diffuse out ofa vessel. How long will 40 volume of oxygen take to 
diffuse out from the same vessel under the same conditions? 

Solution; Rate of diffusion for hydrogen, r, = ^ 

20 

40 

Rate of diffusion for oxygen, r, = — 

Mol. mass of hydrogen = 2 
Mol. mass of oxygen = 32 

50/20 1^ 

I 2 


So 


or 


40/r 

50 r ^ 

20 40 

r = 64 minute 

Example 28. Calculate the relative rates of diffusion of 
^ UF^ and in the gaseous state (At, mass of F -19). 

Solution: Mol. mass = 235 + 6 x 19 = 349 

Mol, mass = 238 + 6x19 = 352 


n 

^2 



1.0043 


ir, 1.0043:1.0000 


Example 29. 180 mL of a hydrocarbon diffuses through a 
porous membrane in 15 minutes while 120 mL of SO, under 
identical conditions diffuses in 20 minutes. What is the molecular 
mass of the hydrocarbon? 

Solution: 

180 

rj = rate of diffusion of hydrocarbon = mL min 


r, = rate of diffusion of SO, 


20 


mL min 


-1 


M. 


SO2 


Thus, 


1 - = 

>2 M 

180/15 164 


120/20 


2 = 

So, M = 16 

Example 30. The reaction between gaseous NH^ and HBr 
produces a white solid NH^Br. Suppose a small quantity of 
gaseous NH^ and gaseous HBr are introduced simultaneously 
into opposite ends of an open tube which is one metre long. 
Calculate the distance of white solid formed from the end which 
was used to introduce NHj, . 

Solution: Let the distance of white solid from 
NH 3 end = jccm. 

The distance of white solid from HBr end = (100 - x) cm. 

Rates of diffusion shall be proportional to these distances. 




f,. (100 x) 

Mol. mass of HBr = 1 + 80 = 81 
Mol. mass of NH, = 14 + 3 = 17 


HBr 


So, 


(100-x) 


or, 


So, 


or. 


(100-x) 
x = 
3.18x: 


So, 


■ = 2.18 

100x2.18- 
100x2.18 
100x2.18 


2.18x 


x = - 


3.18 
= 68.55 cm 

Example 31. At 27°C, hydrogen is, leaked through a tiny 
hole into a vesselfor 20minute. Another unknown gas at the same 
temperature and pressure as that of hydrogen leaked through the 
same hole for 20 minute. After the effusion of the gpses the 
mixture exerts a pressure of 6 atmosphere. The hydrogen content 
of the mixture is 0.7 mole. If the volume of the container is 3 litre, 
what is the molecular mass of the unknown gas? (IIT 1992) 

Solution: Let p^^^ and be the partial pressures of 

hydrogen and unknown gas respectively and wbe the number of 
moles of unknown gas. 

= — x 0.0821x300 


X 0.0821 X 300 


Adding both, 


W: 


6 = (1/ 3) X 0.0821 X 300(0.7 + w) 
: 0.0308 mole 
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Applying law of diffusion, 

0.7/20 [m .. 

-= — or M= 1033 

0.0308/20 \ 2 

Example 32. The ratio of velocities of diffusion of gases A - 
and B is \'A. If the ratio of their masses present in the mixture is 
2; 3, calculate the ratio of their mole fractions, 

1 ■ ■ ■ 
M, A 


Solution: 


or 


M 


B _ 


16 


Let masses and Wg of A and 5 be present respective. 


Mole fraction of A 


Mole fraction of B ■ 


Ratio: 


Ka 
M, 


Wa 

- + 

Wb 

Ma 


Mg 



Mg 

Wa 

- + 

Wg 

Ma 


Mg 

Wa 

X ■ 

M g 

Ma 


Wb 


or 


W, 




2 1 
- X :- : 

3 16 


24 


ng 

Example 33. A space capsule is filled with neon gas at 
1.00 atm and 290 K. The gas effuses through apin hole into outer 
space at such a rate that pressure drops by 0.30 torr per second. 

(a) If the capsule is filled with ammonia at the same 
temperature and pressure,.what would be rate ofpressure drop? 

(b) If the capsule is filled with 30.0 mol % helium, 20.0 mol % 
oxygen and 50.0 mol % nitrd^en at a total pressure of l.Q atm and 
a temperature of 191] K, what would be the corresponding rate of 
pressure drop? 

Solution: (a) The rate of pressure drop is directly proportional 
to rate of effusion. 


'Ne 

Aih, 


M 


; ™nh3 


17.0 

20 


: 0.92 


: 0.326 torr / second 


' Ne 

r . = = 

. 0.92 0.92' 

(b) The average molecular mass of the gaseous mixture is 
0.3x4 + 0.2x 32+ 0.5x28 = 21.6 


Rate of drop of pressure: 


20 


X 0.30 


til.6 

■ 0.29 torr / second 


Solution: 


'Nl 


'XeF,, 


M 


XeF,, 


XeF, 


■PxeF„ \ Afuj, 
Molar volume 

Molar %'olume 
^XeF„ 


‘ XeF,, 




38’ 


M 


XeF„ 


0.8 JWxeF„ 

1.6 i 28 

—V xf—l,x28 

v38j l0:8j 


= 252 

Xe + ;!F=252 
131+«xl9 = 252 

B = 6 

Molecular formula = XeF^ 

Example 35. 100 cm^ of NH^ diffuses through a pin hole 
in 32.5 second.. How much time will 60 cc p/ A ^2 diffuse 

under the same conditions? 


Solution: 


'NH 3 

100/32.5 
60/1 

lOOx t 






n 

17 

17 


60x32.5 

f = 25 second 

OBJECTIVE QUESTIONS 


[Hint: 


Example 34. One mole of nitrogen gas at 0.8 atm takes 38 
second to diffuse through a pin hole whereas one mole of an . 
unknown compound of xenon with fluorine at \.6atm takes 57 
second to diffuse through the same hole. Calculate the molecular 
formula of the compound. (11(111999^9) 


10. A gas with molecular formula C„H 2 „ + 2 diffuses through a 

porous plug at a rate l/6th of the rate of diffusion of hydrogen 
gas under similar conditions. The formula of the gas is: 
(alC^H, (b)C,oH22 (dCsH,, (d) C,H„, 

[Ans. (c)] 

I All 
[K 

I] 16 V 2, 

- M, = 72 

.•. The formula of gas will be CjHji. ] 

11. Under similar conditions which of the following gases will 
diffuse four times as quickly as oxygen? 

(a).He .(bfH, (cfNj (d) Dj 

[An.s. (b)] 


'I - _ 


[Hint: 
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12 . 


4 = 


32 


or 16 = 


32 


or 






= 2 ,J.e, ,H,] 


TKe rates of diffusion of hydrogen, and deuterium are in the 
ratio: 

(h)S:l (c)4:l , (d)l:4 


(a)l: 

[Ans. 

IHint: 


(b)] 


I Mr 


1 




ll 

T), ^ 2 




= V 2 ;h: 


13. 


The time taken for effusion of 64 mL of .oxygen will be same 
as the time taken for the effusion of which of the following 
gases under identical conditions? 


(a) 64 mL of H 2 
tc) 64 mL of CO 2 ' 
-[4ns. ^‘(d)] ■ ■ 


(b) lOOmLofN, ' ' 
■(d) 45.24 mL of soy' 


[flint: 


'O 2 




M, 


0, 


64 ,f64 ;; 

— = J— or V = 
V V32 


4^" 


45.25 mL] 


14. Which of the following pairs of gases will have identical rate 
of effusion under similar conditions? 

(a) Diprotiuni an d di deuteri um 

(b) Carbon dioxide and ethane 

(c) Dideuterium and helium 

(d) Etliene and ettiane 

f. ■ : [Ans. ;:(c)] 7 ,. yy ■y:.-'.- ■ # TyiimiLLiU 

[Hint: DideuteriUm and helium have same molar mass, hence 
they .will diffuse with, identical rate under identical conditions.] 

15. Two gas bulbs .4 and B are .connected by a tube having a 
stopcock. Bulb 4 has ^ volume of 100 mL and contains 
hydrogen. After opening the gas from A to the evacuated 

' biilbiS, the pressure falls down to 40%. The volume (mL) of 
5 must be: ’ [PET (Kerala) 2006] 

(a) 75 (b) 150 (c) 125 „ (d) 200 

■ (e) 250 

[Ans.(b)] 

. [Hint: P,F, (.4) + T>,F,(S) = P, (F, + Fj) 

’ 100 X 10,0..+ 0 X F 2 = 40(100 + V 2 ) 

F, = 250- 100= 150 mL] 

4,7 KINETIC t4iEORY OP GASES 

This theory was a gerieralization fbr about , ideal, gases. It was 
presented by Bernoulli in 1738 and developed in., 1860 by 
Clausius, Maxwell, Kroning and Boltzmann. Postulates of 
kinetic theory of gases are: 


(1) Gases are made up of small structural units called atoms 

or molecules. Volume of individual atom or mojecule is 
eoiisrdered negligible. . .. + 

(2) Gas molecules are always in rapid fandom motion 
colliding with each other and:with the wall of container, 

(3) Collision among gas molecules is perfectly elkstiCi i.e., 
there is no loss in kinetic energy and moment during such 
collision. 

(4) Gas molecules neither attract nor repel each other 

(5) Pressure exerted by gas is due to collisions of gas 
molecules with the wall of the container. 

Pressure « Number of colhsions per unit time per unit area 
by the molecules on the wall of the container 

( 6 ) Kinetic energy of gas molecules depends only on absolute 
temperature. 

Kinetic energy ^ absolute temperature 

(7) The force of gravity.has no effect on the speed of ..gas 
molecules. 


Derivation of Kinetic Gas Equation 

On the basis of the postulates of kinetic theory of gases, it is 
possible to derive the mathematical expression, commonly 
known as kinetic gas equation, i. e ., 

PV. = — mnc^ 

3 

where, P = pressure of the gas, V = volume of the gas, m = mass 
of a molecule, n = number of molecules present in the given 
amount of a gas and c = root mean square speed. ■ , . ■ 

The root mean square speed (rms speed) may be defined as the 
square root of the mean of squares of the individual speed of all 
the molecules. 


rms 


speed. = 


2 '> 2 ■ • 
cf + ci+c^ + .. 


+ c.: 
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. CoHsider a certain mass of a gas enclosed in a cubkal vessel of 
side ‘/’ cm. Let the total number of gas molecules be ‘n’ and mass 
of each molecule be ‘ ni. Let c be the root mean square speed. 
Speed can be resolved into three components, /. e.:,U,..,U_y and t/^ 
parallel to the edges of the container (Le ., parallel to three axes a:, 
j/^and z ■ V. 

+.Ul +Ul ■ ': , ■ 

. Consider the movement of a single molecule between opposite 
faces A and B parallel to x-axis. When the molecule strikes with 
one wall of the container, it bounces back with the same speed 
and subsequently strikes the opposite wall. 

The momentum of the molecule before collision with 
face A = mUj^. 

The momentum of the molecule after collision = -mU^ 

The change in momentum in one collision = mU^ - ) 


After collision, the molecule must move.a distance 2/ cm along 
jc-axis before making another impact on this wall. Since the 
velocity remains unchanged, the time taken to travel a 

distance 11 cm = —^ second. 

U. 

So, the number of collisions by the gas molecule in one second 

I ^£7, 


U U 

Change of momentum per second = ImU^ x ~ = m 

The change of morhentum on both the opposite faces ^ and B 

ImU^ 

along x-axi,s per .second would be double, i.e. ,-— j-^.. 

Similarly, 

■ ' ' ' . ' " " ■ ImUl ■ 

Change in momentum per second along y-axis =- - 


and change in momentum per second along z-axis = ——^ . 
Hence, total change of momentum per second on all faces will 


2mU^: imUl 2mUl 




Change of monientum per second = Force 

^ Force 

Pressure = — 

Area 

Itn 

Pressure created by one molecule =-- 


Pressure created by n molecules = 


3 V 

1 9 

- mnc 
'3 




This equation is called kinetic gas equation;' = ' ' ■ ' 

For one gram mole of the gas, 

n = N-' (Avogadro’s number) 
•\ ' =6.02x10^^ ; 
mxN =-M- = molecular mass of the gas. 

•The above kinetic equation can be written as: . 

■ : Pr=-Mc" " 

- - ■ . ^3'- 

2 3PF 

r c =- 



[d = density] 





The value of i? should be taken in erg K"' mol ', 


i? = 8.314 X 10^ ergK^* moC' 


3x8.314x10' XT 


= 1.58 


X 10'‘ cm/sec 


Calculation of Kinetic Energy 

PF = — mnc^ 


For one gram mole Of the gas, 

PV = RT and n = N 

-mNc^ =RT : 

3 ‘ 

-■-mNc^ =RT I - mAc'= KEpermo! 
3 2 U 

-■KE = P7’ 


or KE = -P7’ 

2 . 

Average kinetic energy per mol does not depend oh the nature 

of the gas . but . depends only on temperature. Thus, when two 

gases are mixed at the same temperature, there will be no rise or 

decrease in temperature unless both react chemically.' 

, ... , , Average KE per mole 

Pc.-erage kinetic energy per molecule =-^- - - 

N 

. =liL = lkT 

: ' 2 N; 2 ' 

k - Boltzmann constant 
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The ratio R/N is constant and is known as Boltzmann 
constant. Itsnumericalvalueis.l.38x 10~'® ergK“' molecule^'. 

4.8 MAXWELL-BOLTZMANN DISTRIBUTION 
OF MOLECULAR SPEEDS 

The gas molecules are moying in all possible directions. They 
collide with one another and also with the walls of the container. 
As a result of collisions, the speed and' direction of the gas 
molecules are ever changing, i.e., all the molecules in a given 
sample of gas do not have the same speed. 

The distribution of gas molecules among different possible 
speeds was studied by Maxwell and Boltzmann using the theory 
of probabil ity. The results are mathematically expressed as, 

, 3/2 Ml? 


dNu = 4JI/Y 




M 

2%RT 


-13/2 


InkT 


mu 

2 Sr 


ii du 


ii^du 


Here, N = Total number of molecules, M = molar mass of gas 

. This expression gives the number of molecules (dA'i() having 

speed between u and (« + rfu) at temperature (T). 

A plot of fraction of molecules in the speed range {u + dii\ 

1 (dNu) . , . 

— -: against speed u is: 

N K_ du j 



(i) The root mean square speed: The speed in kinetic gas 
1 2 

equation, PV = -mnc ■, is the hypothetical speed possessed by 

all the ^ gas molecules when the total kinetic energy is equally 
distiibuted amongst them. The total kinetic energy of the n 
molecules of the gas is sum of the kinetic energies of the 
individual molecules. 

Total kinetic energy 


1 


1 


= - me, + — me, + — met +. 

^ ^ ^ r\ ^ 


1 2 
. + - mc„ 

2 


... (i) 


2 2 2 
Let c be the velocity possessed by each of the n molecules; 


then. 


total kinetic energy 


1 ■} 
■■ nx-me 
2 


... (ii) 


Equating both the equations, 

1 2 1 2 1 2 1 

nx-mc. =~ mcT + — me, + - me 

2 2 2 " 2 


1 2 
+... + .^ mc„ 

2 


or 


or 


2 2 2 2 2 
Cl 4 - C2 -i- C3 4 - C4 + ., . + 


i 


C[ +ci +C 3 - + ... + c,7 


Thus, rms speed is defined as the square root of the mean of 
the squares of the speed of all the molecules present in the given 
sample of the gas. The value of c is determined by using the 
following expressions:. 


3PV 


3RT 

M 


In SI units, the values of /?, P, V, M and d used are given 
below; 


mol *or.R: 


^8.314kPadm-* K^‘ moF 


( 1 ) i? = 8.314 JK^ 

(ii) y of the gas always in litre 

(iii) P- of the gas in kilopascal (kPa). 1 atm = 101,3 kPa and 
1 torr = 0.133 kPa 

(iv) M in kg moF' 

(v) d in kg m“^ 

(ii) Average speed; It is the arithmetic mean of the various 
speeds of the molecules. 


Fig. 4.6 

/ U|„p = most probable speed 
= average speed 
= root mean square speed 

Kinds of Molecular Speeds 

Molecular speeds are of three types: 

(i) The rms speed, ,■ / 

(ii) ; The average speed and ' 

(iii) The most probable speed 


Average speed = 


C'l +C2 +C3 +... + C,, 


r* • m 

It is equal to, I-. 

1 tiM 

It is related to rms speed by the following relationship: 
Average speed = 0.9213 x rms speed 
rms speed = 1.085 x average speed 

(iii) Most probable speed: This is defined as the speed 
possessed by maximum number of molecules of a gas at a given 
temperature. 


Note; Root mean square speed explained the non-existence of gases in the atmosphere of moon. Root mean square speed of gases exceeds the 
escape.velocity of moon and hence gases escape from atmosphere of moon against the gravitational barrier of moon. 
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It is equal to 

This is related to mas speed by the following relationship: 


Most probable speed: 




rms = 0.816 rms 


or rms = 1.224 most probable speed 

The three kinds of molecular speeds are related to each other 
as: 

Most probable speed : Average speed : rms speed 
I2RT 


i~M 
= 42 -. . 


MT 

nM 


MT 

M 


= 1:1.128:1.224 

rms speed at any temperature t° C may be related to its value at 
STP as: • ■ 

f (2^ 

' ° 'V 273 

fiP . 

S d 

From eqs. (i) and (ii), we get 

1(273 +1) 


... (ii) 


d M 273 


3P(273 + l) 


1 


173d 


Some Essential Points for Distribution 
of Molecular Speed 

(i) The fraction of molecules with very low or very high 
■ speeds is very small. Maximum fraction of molecules have speed 
near to the most probable speed . 



Fig. 4.7 Distribution of molecular speeds of various 
gases at a constant temperature 


(ii) Total area under t^e curve is a measure of total number of 
molecules in the Collection. Thus, area under the curve remains 
constant at different temperature.' 


(iii) Distribution of molecular speed also depends upon the 
molecular mass of the gas. At similar temperature a heavier gas 
molecule has a naiTOw distribution of speed than those of lighter 
gas molecules. 

(iv) The fraction of molecules having speeds greater than 
minimum goes on increasing with increase in speed. It reaches to 
a maximum value and then begins to decrease. 

(v) As long as temperature of the gas is constant, the fraction 
having a particular speed remains the same inspite of the fact that 
the molecules change their speeds due to collisions. 

The increase in the temperature of the gas increases the 
molecular speed. As a result, the most probable speed increases 
with the increase of temperature and the distribution curve shifts 
towards right. The general shape of the curve remains the same 
but the maxima of the curve becomes somewhat flat at a higher 
temperature, i.e., there is a wider distribution of molecular speeds 
and the fraction of the molecules having high speeds increases. 
However, the fraction of molecules possessing most probable 
speeds decreases with increase in temperature. 



Fig. 4.8 

: ::;i*ii^oME"soLVEi0ExA^^^S*sl;:: 


. Example 36. Calculate the kinetic energy in joule of^,.00 g 
of methane at 27 °C. 

S 1 

Solution: Number of gram moles of methane = — =.— 

16 2 

r = (27+273)=300K 
i? = 8.32JK'"‘ mor' ' 


Kinetic energy for one gram mole = 



= -x 8.32x 3001 
. 2 


Thus, 

1 

kinetic energy for — gram mole = 


x-x 8.32>5: 3Cn = 
2 . 


1872J 


■ ■ Example 37. Calculate the average and total kinetic 
energy q/'0.5 mole of an ideal gas at 0°C. 
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Solution: 


Average kinetie energy per molecule of the gas 
: . 3'R 


j. . . 

2 

3 8.314x10’ 

X',- 


2,,-6.023x10’^ 

= 5.65 X 10“‘‘* erg = 5;65 x 10"^* J 
Total kinetic energy of 0.5 mokjOf the gas , 

^ - =--«J-x 0-5 ■■■' ■■ - ’ 

.,-2, , ^ . i, 


X 273- 


3 


X 8.314 xio’x 273x0.5 


. =1.702x 10’° erg = 1.702kJ' V' 

: ;;. rExampIe 38. Calculate the pressure exerted by \&^ gas 
molecules each of mass 10“’^ g in a container of volume \ litre, 
therms.speedis lO^ cms~^. ■ 

Solution; Using kinetic gaS equation, 

1 2 
„ 1 mnc 


3 F 

Given, V ~ 1 litre = 1000 mL = 1000 cm^; n = \0^^;m = 10 
ande= 10 ^ cms~’. 

Substituting the values in the above equation, 

1 


■ 10 '^^ x 10 ^^ X 10 ’° 
1000 


3.33 X lO’ dyne cm ’ 


Example 39. Calculate the root mean square speed of an 
oxygen molecule at 288 K in SI units. 


Solution: 


3RT 

M 


R = 8.314kPa dm^ K“‘ moU’, T = 288 K 
and Mf 6.032 kg moP’ ' 

Substituting the values in above equation 


3x8.314X288 


0.032 


: 473.79 ms“ 


Example 40. Calculate the root mean square speed of 
hydrogen molecule at SfP. 


Solution: 


3PV 
M 

P = latm =401.3kPa : 

V = 22.4 dm^ 

M = 2 g mol”’ = 0.002 kg mor’ 
Substituting the values, 

1.3x22.4 

c= ,1 -^^-= 1844:91ms 


0.002 ■ 


Alternative method: 


3RT 

M 


P = 8.314kPadm^ K“‘ mol”’- ;r = 273K;: : 
M = 0.002 kg mor’ 

■ Substituting the'values, 7, 


,: 3 X, 8.314 X 273., 




0.002 


= 1845:15 ms' 


Example41.,, Oxygen '-at 1 atmosphere and 0°C has a 
density of\ .4290 g i.' Find^ the. rms speed: of oxygen molecule. 

Solution: P = latm = 101.3x 10^ Pa 


d= 1,4290 g L'’ = 1.4290, kg m' 


We know that, 

fap 

id 


c = . 


3x101.3x10" 


1.4290 


= 461.15 ms 


Example 42. Al wMai temperature will hydrogen 
molecules have the same-rdbt-medn^sqmhe speed''OsTmiirngm 
molecules at 21 °C? ■ = . ^ 


Solution ; 


3RT 


M 


H 


3Px300 




or 


T 

Mu 


300 

Mu 


or T ■ 


300 

28 


X 2 = 21.43 K 


Example 43. Calculate, the root mean square, average and 
most probable speed of oxygen at n°C.. 

Solution: 27°C = 300 K 


Root mean square speed = 


P = 8314x10’ ergK'’ moP'; 
Substituting the values,. 


] 3RT 

i M 

ir-l 


M = 32g moP‘;, . r=? 300K 


3X'8.314x l0’ X 300 


' '32 " 

= 48356 cm/ sec 
= 483,56 m/ sec 

. . fmr 

Average speed =,)- 

V tcM . / 


S-X-8.314 x10’ X 300x7 


'22x32 

445.42. cm/sec 

445.42, m/sec 


Most probable speed = 


2xRxT 


M 


2x8314x10’ x300 


= 39483 cm/ sec 
■ ='394.83 iti/sec' 

, 'Example 44. Calculate the average kinetic energy per 
mole of CO 2 gas at 21 °C in different units. 
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Solution: 


KE =-nRT 
2 


■X lx 1.987 X 300= 894.15cal 


KE = ~nRT - , „ .. 

; ^ ^ 2 ^ - V ■■■"■ 

^ - =- x lx8;3Rx800- ^ - 

2 .- - , . T 

■ - - ■ =3741J -■ ' ■ 

' =3.741x10''’ erg ' " ' 

Example 45. A gas bulb of .1 litre capacity contains 
2 . 0 x 10 ^' molecules of nitrogen-■ exerting- a pressure of 
7.57 X 10'’ N m~'^. Calculate the root mean square speed and 
temperature of the gas molecules. If the ratio of most probable 
speed to the root mean square speed is 0.82, calculate'the niost 
probable speed of these molecules at this iemperatii're. ’ ' ; 

(IIT 1993) 

2 Ox 10~' 

Solution: Aftiount of the gas = riiolc ■■ ' 

6.023x10"" 

Given,F= nitre = 10”;^ m";P= 7.57X 10" Nm“^" ' / . 

/? = 8.314JK^‘ mor'. ' ' 


Applying PV = nRT ox 7 = - 


10^" X 7.57x10-’ 


2 . 0 x 10 -' 
6.023 X 10^^ 


= 274.2 K 


X 8.314 


rms speed = 



3x8.314-.x'274;2 


M ^1 28x10'' 


= 494.22 ms' 


Most probable speed = 0.8 X rms 


: =0.8x494.22 ms''-= 395.376 ms'*. 

OF OBIECTIVE QUESTIONS' 

16. At what temperature is the root mean square speed of Nj gas 
equal to that of propane gas at STP? 

(a) 173.7°C (b) 173.7 K , (c) 273 K , (d) --40°C . ■ 

[4ns. (b)] 

[Hint: =»rms(C3H8) 

llRT [3R 273 


r = 173;7K] 

17. At what temperature is the kinetic energy of a gas molecule 
halfofits value at 327°C? 

(a)13.5°C (b)150°C (c) 27°C (d)-123°C 

lAns. (c)] 

[Hint: KE = ^itr^ 


7;=30GK 

. ■/ = .27“C] , .... . , 

18. The root mean square speed of molecules of nitrogen' gas is v 
at a certain temperature, When the temperature is, doubled, 
.the.molecules dissociate into indlyidual atoms. The new rnis 
speed.of the atom.is: . . . 


[Ans. (b)] 


, (d)4u 


■ .. . 72 = 27, M, = .M-/2 

ISR'X 2T . , 

IX =J-—^=2U|] 

. , \ M/2 . , I ■ . 

19. The translational kinetic energy of an. ideal gas deirends only 
; :on its; 

(a) pressure (b) force 

(c) temperature (d) molar mass 

[.Ans. (c)l 

3 

[Hint; KE = - i?7 .-. Kinetic energy depends on temperature.] 

20. At what temperature is the rrns speed of Hj molecules the 
same as that of oxygen molecules at 1327°C? 

(a) 173 K . (b) 10,0 K (c) 400 K (d) 523 K 

.. ■ IAns. ' Jb)] . 


[Hint: 


■ bRR . 

i 


- . ■ 7, =100K] ■ \ 

If the temperature of 1 mole of a gas is increased'by 50°C, 
calculate the change in kinetic- energy of the system: - 

' - :(.DCE2006 ) 

.(a) 62.32 X (b) 6.235 J (c) 623.5.1 (d) 623-5.0 J 

[Ahs. (c)] ■ , ■ —. 

, . 3 , , 

[Hint: E = ~'RT (Kinetic energy of 1 mole gas) 


&£■'='- RiT + 50)"- 

3 ■ 3 

= f i? >C 50 = - 

2 .. 2 


■X 8.314x50 


= 623.55 1] 

22. At same temperature, calculate tire ratio of average velocity of 
SO:,toCH4; ■ (0CE2OO6> 

(a) 2:3 (b) 3:4 . (c) 1:2' ' { '= 1:6 

[Ans. , CG] 

, Imt 

(Hint: = 1- 
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''SOt 




A ^ ^ 

'”CH4 


^ 3 

-nr 

_3 


^CH4 V 

V 64 2 ^ 

4.9 VAN DER WAALS’ EQUATION 

The gas which conforms to all of the postulates of kinetic theory 
or which obeys Boyle’s law and Charles’ law rigidly for all values 
of temperature and pressure or which strictly follows the general 
gas equation (PV = nRT ) is called ideal or perfect gas. Actually 
no gas is ideal or perfect in nature. Under ordinary conditions, 
only those gases nearly behave as ideal or perfect which have 
very low boiling points such as nitrogen, hydrogen, etc. 

At tow pressure and moderately high temperature, the-real 
gases approach ideal behaviour (see fig.). 


x4/Y 


where ‘ f = radius of gas molecule 
N = Avogadro’s number 

(b) Pressure correction: A molecule in the interior of the 
gas is attracted by other molecules on all sides. These forces, 
thus, are not effective, as equal and opposite forces cancel each 
other. However, a gas molecule which is just going to strike the 
wall of the vessel experiences an inward pull due to unbalanced 
attractive forces. Therefore, it strikes the wall with less 
momentum and the observed pressure will be less than the ideal 
pressure. 


ideal 




where P' is the pressure correction. 

Pressure Correction Depends upon Two Factors 




(a) (b) . 

Fig. 4.9 (a) Ideal and real gas, (b) Ideal and real gas (real gas 
is approaching Ideal behaviour with rise in temperature) . 

It is observed that deviations from gas laws are high under 
high pressure and low temperature, van der Waals suggested that 
these deviations are due to the following two faulty assumptions 
, in the kinetic theory of gases: 

(i) Actual volume of the gas molecules is negligible as 
compared to the total volume of the gas. 

(ii) Intermolecular attractions are not present in gases. 

van der Waals pointed out that in the case of real gases, 
molecules do have a volume and also exert intermolecular 
attractions especially when .the pressure is high and temperature 
is low. He applied two corrections: 

(a) Volume correction; van der Waals assumed that 
molecules of a real gas are rigid spherical particles which possess 
a definite volume. Thus, the' volume of a real gas, i. e ., volume 
available for compression or movement is, therefore, actual 
volume minus the volume occupied by gas molecules. If b is the 
effective volume of the molecules per mol of the gas, the ideal 
volume for the gas equation is (V - b) and not V, i.e., 

corrected volume ‘ F, ’ = f for one mole of the gas 
and for n mole of the gas, ‘ F, ’ = F - nb. , 

.b is termed the excluded volume which is constant and 
characteristic for each gas. The excluded volume ‘6’ is actually 
four times the actual volume of the gas molecules. 


(i) The attractive force exerted on a single molecule about to 
strike the wall is proportional to the number of molecules per unit 
volume in the bulk of the gas. 

(ii) The number of molecules striking the wall which is also 

proportional to the number of molecules per unit volume of the 
gas. , 

Both these factors are proportional to .the density of the gas. 
Therefore, the attractive force is proportional to the square of the 
density of the gas. 

P' total attractive force 
o= fif ^ 

1 


cx —,- 



F.2 


where ‘ a’ is a constant depending upon the nature of the gas and F 
is the volume of 1 mole of the gak • , 


Thus, corrected pressure, Pj 


ideal 


obs- 


Making both the corrections, the general gas equation 
PV = RT may be written as: 

fF + ^l(F-fe).= i?r 


The equation is called van der Waals’ equation, van der Waals’ 
aation for n moles of the gas is: 


P + 


2 ^ 
n a 


{V-nb)=nRT 


van der Waals’ equation is obeyed by real gases over a wide 
range of temperature and pressure and henpe this equation is 
called equation of state for the real gases. .The constants ‘a’ and 
‘b’ are called van der Waals’ constants and they are characteristic 
of each gas. 
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Unit of van der Waals’ Constants 

a and b are expressed in terms of the units of P and V. 

n^a 

Pressure correction P' = -—— 

V 

_P'V ^ _ Pressure correction x (Volume)" 

(Mole)^ 

Thus, if pressure and volume are expressed in atmosphere 
and litre respectively, the "units of constant, ‘a’ will be 
atmosphere litre ^ mol 

SI unit, ‘ a’-= N m‘‘ moF^ 

‘b' is the effective volume of the gas molecules in one gram 
mole of the gas. Thus, the unit of ‘b’ is the same as for the 
volume, i. e., litre mol”'. 

SI unit, ‘b’ = m^ mol”' 


Boyle temperature: The temperature at which real gas 
behaves like ideal gas and obeys the gas laws over a wide range 
of pressure is called Boyle temperature ‘ At this temperature, 
PV remains constant for an appreciable range of pressure 




a 

Jb 


2P 


where, F; = inversion temperature 
a,b = van der Waals’ constants 


At Boyle temperature, 


dPV 

dP 


■ Owhen P approaches zero. 


4.10 CRITICAL PHENOMENON AND 
LIQUEFACTION OF GASES 


During the early part of nineteenth century; a number of gases 
such as carbon dioxide, sulphur dioxide, ammonia, etc. were 
liquefied by subjecting the gas to low temperature and high 
pressure. On cooling, the kinetic energy of the gas molecules 
decreases. The slow moving molecules come nearer to each other 
due to forces of attraction and, thus, aggregate and are converted 
into liquid. The increase of pressure can also bring the gas 
molecules closer to each other and, thus, is helpful in converting 
a gas into liquid. The elfect of temperature is rather more 
important than that of pressure. The essential conditions for . 
liquefaction of gases were discovered by Andrews in 1869 as a 
result of his study of Pressure-Volume-Temperature (P-V-T) 
relationship for carbon dioxide. It was found that above a certain 
temperature, it was impossible to liquefy a gas whatever the 
pressure was applied. The temperature below which the gas 
can be liquefied by the application of pressure alone is called 
critical temperature (F^,). The pressure required to liquefy a 
gas at this temperature is called the critical pressure {P ^). The 
volume occupied by one mole of the substance at the critical 
temperature and pressure is called critical volume ). 

The results of Andrews experiments are shown in the 
following Figure. 4.10(a) in which the pressure is plotted against 
volume at various temperatures for carbon dioxide. Each 
pressure-volume plot is called isotherm. 


Let us consider an isotherm at 13.1 °C. At low pressure, carbon 
dioxide is entirely gaseous and is represented by the point (A ) in 
the isotherm. On increasing pressure, volume decreases as shown 
by the portion AX of the isotherm, approximately in accordance 
with Boyle’s law. At X, deviations from Boyle’s law begin to 
appear and the volume decreases rapidly as the gas is converted 
into liquid. At point Y, carbon dioxide has been completely 
liquefied. Between X and Y, pressure remains constant and both 
the gas and liquid phases are in equilibrium. The pressure 
corresponding to the horizontal portion XY of the isotherm is the 
.vapour pressure of the liquid at the temperature of the isotherm. 

The isotherm at 21.5°C shows a similar behaviour except that 
liquefaction starts at higher pressure and the horizontal portion 
MN is shorter. As the temperature is raised, the horizontal portion 



Fig. 4.10 (a) Isotherms of carbon dioxide 
showing criticai region 


of the isotherm becomes smaller and smaller until at 31.1°C at 
which it reduces to a point P. Point P is called critical point; at 
this point the boundary between liquid and gas phase (meniscus) 
disappears indicating that both the phases have identical 
characteristics. Above 31.1°C, there is no indication of 
liquefaction. The isotherm atcritical temperature 31.1 °C is called 
critical isotherm. The tangent at critical point P is horizontal, so 
dP 

that, at critical point will be zero. Thus, the point ‘P’ is also 

called the point of inflection. 

It may be concluded from this explanation that in the area to 
the left of the dotted line below the critical isotherm, only liquid 
carbon dioxide exists. To the right of the dotted line, only gaseous 
carbon dioxide exists. The horizontal portion, within the dotted 
line shows the equilibrium between gas and liquid phase. 

The van der Waals’ Equation and the Critical 
Constants 

The van der Waals’ equation for 1 mole of a gas is given by; 

i^P + :^j(V-b) = RT 

. This equation may be written as, 

. PVA---~Pb^^^RT 
V 
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or - PV^+aV-PbV^~ab-RTr 
Dividing above eqiiatiori by 'P\ we get 




ab, 

'P- 


RTV 


2 : 


P , , P- P 

A-rrangingin.descending powers of V, we get - 


= 0 


V 


b.+ 


RT 




ab 


■ 0 . 


.(i) 


: Equation (i) is a cubic equation in ‘F ’ and therefore, for any 
value ofPand'T, it will have three values ofF,ali of which may 
be real or one may be real and , the other two; imaginary. :When 
pressure veratM volume plots are constructed using equation (i) 
we get the.curves.as shown in Fig.'4,10(b)... . . 

It is evident from the Fig. 4.10 (b) that the curves at and above 
the critical temperature are similar to those in Fig. 4.10, (a). 
However, below critical temperature, the horizontal portion 
determining the coexistence of gas and liquid is replaced by a (~) 
shaped curve ABC in Fig. 4.10(b). Thus, this curve predicts that 
there are three values of F corresponding to the points A , B and C. 
At the critical point ‘P’ , the three roots of van der Waals’ equation 
are not only real and positive , but also identical and equal to the 
critical value F^, This condition may be expressed as, 



or 


Fig. 4.10 (b) Isotherms of carbon dioxide according to 
van der Waals’equation 

^ v = v,. . . ... 

F-F, =0 ■ 


. (F-F,)P=0 


V^-3Vj^^+3Fr/-~'V^, 


■ 0 




At critical point, equations (i) and (ii) must be identical. Com¬ 
paring and equating the coefficients of like powers of F gives: . 

RT 

3y =b + —^ ' ... (iii) 

. . P^ . ... 


3V^=^ 

P 

P 


... (iv) 
-{V) 


In above equations, T = I),, P = P^ at critical state. 


Dividing equation (v) by (iv),- we gef 
3 


i.e, V^=3h ... (vi) 

Substituting the value of F^ fl-om eq. (vi) in (v), we get 

P^ 


.m- 


p, 


c 

a 


21b 


..:(vii) 


Finally, substituting the values of P^ and F^ in eq. (iii), we get 

T ...(viii) 

21Rb 

We can express the constants a,b and R in terms of critical 
constants as: 

■ - ^3 - ' 

■ p = m ^ 

■ 3t ^ ' 


p F, =-.RT, 

. 8 


...(ix) 


Equation (ix) is called equation of critical state. Critical 
compressibility factor of a gas may be calculated as. 


P F 
RT, 


r a " 

21b^ j 


(3b) 


R 


( 8a 


[27Rb 


0.375 


/, 

Cf0icaIconstaDts of^ises«5l' 


... Gas 

1* (aim) 



. He 

-2.3 ■ 

57.8 : 

5.3 


- 12.8,. ■' 

65 

33.2 ■ 

Nn 

■ 26.9 

41.7'- 

44.4 

Np ■ 

33.6. 

, ' ^ ’ 90.1 

■ 126.1 

0 ,. , 

. 50.3 

■ ■ . 74.4 

i54.5- 

: CO,:- 

72.7 ' 

. 95.0 

304.2 : 

H^d 

218.0 

55,6 

6472 

MIj 

112.0 

■ 72.0 

405.5 

CH 4 

45.8 ' 

99.0 ' ^ 

191.0. . .. 

. C^Hg. 

48.2. 

139.0 

, 305.5 

■C 2 H 4 

50.5 

124.0 

417.2 


410.1 EXPERIMENTAL METHODS FOR 
LIQUEFACTION OF GASES^ 

Discovery of criticaTphenomenon by Andrews in 1869 showed 
that gases cannot be liquefied by the. application of pressure 
alone; they must first be cooled below-their critical temperatures 
and then subjected to adequate pressure to cause liquefaction. 
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Principles involved in liquefaction are: ■ 

(1) A gas must be at or below its critical temperature.: tower 
the temperature below the critical, value^ easier would be the 
liquefaction. 

. (2) The gas is cooled either by doiijg external work or by 
expanding against the internal forces of molecular attraction. 

Low temperature for liquefaction of gases can be achieved by 
the following techniques; 

(a) Cooling by rapid evaporation of a volatite liquid. 

(b) Cooling by Joule-Thomson effect. 

(c) Cooling by adiabatic expansion involving mechahical 

"work. ■ ' ’ ■' "; •' 

(a) Cooling by Rapid Evaporation of a Volatile Liquid 

This method was first employed by Pictet arid Cailletet. An 
easily volatile liquid is rapidly evaporated to cool and liquefy a 
less volatile liquid. This is the principle underlying the cascade 
process,[Fig. 4.11(a)] for liquefaction,Qf 02 . 



Fig. 4.11 (a) Cascade process for the 
liquefaction of oxygen 

The apparatus consists of three compression pumps , P 2 and 
P 3 and three cofnpression chambers A, B and C. The compression 
pumps are joined in series. The pump P, compresses methyl 
chloride gas which is cooled by cold water circulating in outer 
jacket of A. As the critical temperature of methyl chloride is 
143°C, it is liquefied at room temperature. The liquid methyl 
chloride passes through valve Fj into the outer jacket of B which 
is connected to the suction side of Pj. As a result of reduced 
pressure, the liquid, methyl '. chloride ' evaporates and the 
temperature in B reaches ~90°C. 

The inner tube of B is filled with ethylene gas which is cooled 
to --90°C, As the critical temperature of ethylene is 10°C, it gets 
liquefied and passes through valve into the outer jacket of C. 
Ethylene liquid is allowed to evaporate under reduced pressure 
with the help of pump P 2 resulting in a sharp fall in the 


temperature of oxygen (-118°G) which is filled in the inner tube 
of C. Oxygen gets liquefied during the compression stroke of 
pumps P 3 and is cGllected. in the Dewar flask i). 

(b) Cooling by Joule-Thomson Effect 

{ Linde’s process for liquefaction of air) ' 

When a coiripressed gas is allowed to expand into a low 
pressure or vacuum under adiabatic conditions, a lowering of 
temperature is observed. This is kriown as Joule-Thomsbn effect. 
In the expariMon, mdlecules of the gas irioVe far apart Ifom one 
anothef. 'Work is done by the gas molecules to overcome 
intermoleciilar forces. Work is done at. the cost of the kinetic 
energy of gas'molecules. Consequently" a Cooling effect is 
observed. For each gas, there is a characteristic temperature 
above which a gas. on expansion .show.s . a heating effect while 
below it the gas-cqols on expansiori. This temperature is known 
as inversion temperature of the gas. This temperature is related 
to van der Waals’ constant,a and b by the expression; 



where, is the inversion temperature of the gas. 

Gases like H 2 and He have Iqw inversion temperatures 
= 193 K and = 33 K) and they: show heating effects in 
Joule-Thomson expansion under- ordinary temperature. If these 
gases are cooled below their inversion temperatures, they also 
show cooling effects. 


Cooling jacket 



Joule-Thomson effect is the basis for liquefaction of air by 
Linde’s process. The apparatus is shown in Fig. 4.11 (b). 

Pure and dry air is compressed to a pressure of about 200 atm. 
Amy,heat produced during the compression.,,is removed by 
passing the gas through a cooling jacket. Compressed air is 
allowed to expand suddenly through a nozzle (V) to a large 
chamber, where it gets cooled and the pressure reduced to about 1 
atmosphere; The cooled air is made to pass through the outer tube 
and is sent back to the compressor. The incoming air further cools 
on expansion. The process is continued until air liquefies and is 
collected at the bottom. 
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(c) CpoUng by Adiabatic Expansion Involving 
Mechanical Work 

When a gas ■ is allowed to expand adiabatically against a 
pressure, it does some external work at the cost of its kinetic 
energy, due to which its temperature falls. This principle is used 
in Claude’s process for liquefaction of air. The; apparatus is 
shown in Fig. 4.11 (c). 

Pure and dry air is compressed to about 200 atmospheric 
pressure and then passed through the tube T. Compressed air 
divides itself into two parts at and a portion enters through ‘C’ 
fitted with an airtight piston. There, it expands, pushing the 
piston outward and performs some external work. 



Fig. 4.11(c) Claude’s apparatus for liquefaction of air 

The temperature of the gas thus falls. Cooled air then enters 
the chamber at B and cools the incoming air. The temperature of 
air is also reduced on expansion due to Joule-Thomson effect. 
The process continues until the air liquefies. 

Tendency of Liquefaction of a Gas 

Easily liquefiable gases have greater intermolecular force 
which is represented by high value of ‘a\ Thus, greater will be 
the value of 'a 'more will be its liquefiability. 

Easily liquefiable gases are;, 

. . SO 2 >NH3>H20>C02,etc. 

----- ^ 

Decreasing value of constant ‘ a' 

(Decreasing tendency of liquefiability) 

Above gases have higher value of ‘a’ as compared to the 
permanent gases O 2 , N 2 ,H 2 , He, Ne, etc. 

Incompressibility of a Gas 

van der Waals’ constant ‘b’ represents the excluded volume, 
i. e., four times the volume occupied by the gas per mole. Value of 
*b’ remains constant over a wide range of temperature and 
pressure which implies that gas molecules are incompressible. 
Compressibility factor; Mathematically, it may be defined as, 


nRT 


The extent to which a real gas departs from ideal behaviour is ‘ 
expressed in terms of compressibility factor. 

^ _ Molar volume of real gas 

Molar volume of ideal gas (F,„) RT 

When Z > 1, V,„ > 22.4 L at STP and when Z < 1, < 22.4 L 

atSTP. 

(i) Z = Ifor ideal gas. Deviation from the unity indicates extent 
of imperfection or non-ideality. 

(ii) Real, gases have Z = 1 at low pressure and high 
temperature. In this case, the real gas behaves like ideal gas. 

(iii) Z > 1 shows that it is difficult to compress the gas as 
compared to ideal gas. It is possible at high pressure. In this case, 
repulsive forces dominate. 

(iv) Z < I shows that the gas is easily compressible as 
compared.to ideal gas. It is possible at intermediate pressure, In 
this case, attractive forces are dominant. 

Plots of Compressibility Factor against Pressure 

Figure 4.12(b) indicates that an increase in temperature shows 
decrease in deviation ideal behaviour, i.e., Z approaches , unity 
with increase in temperature. 



Fig. 4.12(a) Variation of compressibility factor against 



Fig. 4.12(b) Variation of compressibility factor against 
pressure at different temperature 

Note: (i) In case of Hj, Z > 1 at 273 K and Z increases with the pressure. 
When temperature is less than 273 K, Hj has Z < 1. 

(ii) For gases other than hydrogen, at 273 K there is decrease in 
■ ‘Z’ at initial stage, with increase in pressure, value of ‘Z’ 
approaches a minimum, with increase in pressure. 
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(iii) In case of easily liquefiable gas like CO 2 , Z dips largely 
below ideal line in low pressure region, see Fig. 4.12 (a). 

Specific Heat of Gases 

Amount of heat required to raise the temperature, of\ g of a 
substance through 1°C is called its specific heat. It can be 
measured at constant pressure and at constant volume. 

Molar specific heat, i. e., heat required to raise 1 gram mole of 
a substance through 1°C is called heat capacity. 

Heat Capacity at Constant Voiume 

It is denoted by Gy. It may the heat supplied to one mole of a 
substance to increase the temperature through 1 °C at constant 
volume. 

We know from kinetic theory that, 

n T / ^ 2 1 2 r> T’ 

PV = -mnc or —mnc =—RT 
3 . 2 2' 


Thus, 


kinetic energy E = - RT 


When temperature is raised through 1°C then the increase in 
kinetic energy may be given as: 

3 3 3 

Increase in kinetic energy = -i?{r+l)--i?J’ = -i? 

3 

Now, C(/ = 2 ^ since at constant volume, heat supplied to raise 

the temperature is used up to increase the kinetic energy only. 

=- 
2 


y --R [for morioatomic gases only, since monoatomic 


gases undergo translational motion only] 
3 

Cy =-R + X [for di and polyatomic molecules; vibrational 
2 

and rotational motions also contribute to 
the total kinetic energy] 
where factor ‘jc’ varies from gas to gas and its value is zero for 
monoatomic gases. 

Heat Capacity at Constant Pressure 

It is denoted by Cp ; it may be defined as heat supplied to 1 
mole of a substance in order to increase the temperature through 
1°C at constant pressure. 

Heat supplied at constant pressure will be used in: 

3 

(i) Increasing kinetic energy, which is equal to - i? + x For 

3 

monoatomic gas increase in kinetic energy is equal to ^ ^ when 


Ratio of Molar Heat Capacity 

It is denoted as y .and it represents atomicity of the gas. 

5 

Cp o 

For monoatomic gas, (y) = —^ ^ 

Cy 3 


-R 


1.66 


c 

For diatomic gas, (y) = — 

In 


1.40 


For triatoraic gas, (y) 

, = ^ = 
Cy 

AR 

^=1.33 

3R 


Nriltawne 

Cfp 

Cfv 

Cf-refvC T 1 AtAiMIlifity 

He 

5 

3.01 

1.99, 

1.661 

1 

N-2 

6.95 

4.96 

1.99 

1.4 

2 

O 2 

6.82 

4.83 

1.99 

1.4 

2 

CO 2 

8.75 

6.71 

2.04 

1.30 

3 

HjS 

8.62 

6.53 

2.09 

1.32 . 

3 

Example 46. 

Specific 

heat of 

a monoatomic 

gas at 

constant volume is 315 J kg 

K and at a constantpn 

essure is 

525 J kg-' 

K '. Calculate the molar mass of the gas. 


Solution: Cp = 

= M X 525 and 

■ Cy = Mx315 


where, M is the molecular mass. 

Cp - C 

Mx 525-Mx315 = 8.314 
M(525- 315)= 8.314 

.314 


R (f? = 8.314 JK^"' mor ') 


M: 
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:0.0396 kg mol ' = 39.6 g mol" 


Example 47. Calculate the pressure exerted by 16 g of 
methane in a 250 mL container at 300 K using van der Waals ’ 
equation. What pressure will be predicted by ideal gas equation? 


a = 2.2531 atm 1 } mol 
i? = 0.082II atm mol 


6 = 0.04281 mo/' 


Solution: .Given, 16 g CH 4 = — = 1 mole 

16 

Applying van der Waals’ equation, 


P + 


fa'^ 


(V-nb)=nRT 


(ii) Doing work due to volume expansion. 


'k y ) 

We know that, PF = for 1 mole of gas 

... ( 1 ) 

D_ 

When temperature changes to (F + 1), then 


(V-nb) F“ 

P(F + AF) = P(r+l) 

... (ii) 

Substituting n = 1, 

Subtracting ".q. ti) fi'om eq. (ii), we have 


R = 0.0821L atm K^' moP'; F = 300 K; F = 0.250 L; 

PtsV = R = Work done due to volume expansion 

3 5 

Thus, Cp = — R + R = -Rioi monoatomic gases 

2 2 


a = 2.253 atmL^ mol”^; b = 0.0428 L moP' 


Cp =C^.+R otCp - Cy =R (general equation) 
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P-- 


1x0.0821x300 -lx:.2.253 


(0.250-lx:0.0428) (0.250r 


: 82.822 atm 


The ideal gas equation, predicts that. 
nRT "lx 0.082lx 300 


P = 


0.250 


98.52 atm 


Example 48. Calculate the temperature of the gas if it 
obeys van der Waals ’equation from the following data. A flask of 
2.5 litre contaiHs 10 mole of a gas undeh 50 atni. Given 
a = 5.46 atm litre^ mol and b = 0.031 litre mol . 

Solution: Given that, 

P = 50 atm; V = 2.5 litre, n = 10; a = 5.46 atm litre^ mol”^; 


.^SiOidJ.l litre.njql ’; ,;,P = 0.08211itre- atpisK”* mql^*.,'; 

Is’ equation, 

(y-nb) = nRT 


Applying van der Waals’ equation. 


V 


P + 


an 


V^- 

i \ 


(V - nb) 


or 


50 + 


nR 
5:46x100 - 
X2.5f _ 


(2.5-10x0.031) 


366.4 K' 


+ 10x0.0821 

■** 

QUE^NT 

. 23.,:,.At high--teniperature and low pressure, the van der Waals’ 
equation is reduced tp:. , . _ . 

a 


(a) P + ; 


V = RT 


ib)PV = RT 


(d)|p + ^|(T-P) = pr 


{c)P(V-b) = RT 

i, ' ; [Ans.,,(b)]. / , . , 

[Hint: At high temperature and low pressure,. Ft is .large^ in 

-a ^ 

comparison to .‘ 6 ’ and is negligible in Comparison to P. 
Hence, the equation reduces to PF = i?r .] 

24. The constant ‘a’ in van der Waals’ equation is maximum in: 

(a) He (b)H 2 

(c)02 ' - (dlNHj ■ 

[Ans. (d)] , ^ 

[Hint: Intermolecular force of NHj is maximum, hence its van 
der Waals’ constant (a) will also be maximum.] 

25. The van der Waals’ equation for 0.5 mol gas is: 

4f¥1 2 J 2 ... . ... 

a 


(b) P + ^|( 2 F-. 6 ) = Pr 
4F 


,(c)|P + ^|(2F-46)=Pr 


(d) P'+^ 
1 4F^ 

[Anf. (b)] 

[Hint: 


:2Rf: : 

2(F-6) 


P: + 


For n = - 
2 


P + 


an' 


a 




(F - nb) - nRT 


4F' 

a 


’ 2 ) 2 


RT 


26. van der Waals’ constants of two gases X and 7 are as given: 

a (litre-atm mol”^) 6 (litre mol”*) 

Gas A • 5.6 0.065 

GasF 5.1 0.012 

What is correct about the two gases?' 

' (a) T,{X ) > f lY ), ,, (b) TAX )^TAY) , 

(c)F,(X)>F,(7) , {d)VAY)>VAX) ’ ■ 

. [AnS'. (“i)!- ' .■ '■ 

[Hint: Gas X, : Gas F - 

F, =36 3 x0.065 = 0.195 3 x 0.012 = 0.036] 

27. Select the correct statements about van der Waals’ constant 
‘ 6 ’: , . . . ■ . 

1 ■ It is excluded volume 
,2. Its unit is mol litre”' . 

3. It depends on intermolecular force 

4. Its value depends on molecular size ' 

. ... -(a)2,3 . , .(b).l,2,4.. (c).2,3,4 (d) 3,4 

[Ans. (b)] 

' 28." GaSes X', F; Z, P m&Q have the Van def Waals’ constants.‘a’ 



:..Vx' V. 

Y 

Z 

■ P 

0 

a 

, ,6,., .. 

6 

20 , 

..,0.05.. . 

,30 ... 

b 

0.025 

0.15 

0.1 

0.02 

^..', 0 . 2 ....... 


The gas with (he highest critical temperature.is: 

[PET (tei^la) 20061 

(a) P (b)’2 ' (c) F . (d> X" 

te)W 

[Ans. (e)] • '..'-.r: .' 

.8a . 


[Hint: Critical temperature, 7), = 


21Rb 


Greater is the value of (a / 6 ), more is the critical temperature 
of gas-.. 

For gas X,T;. will be maximum. 

j- ‘ . 

:27Rb .• : : i. 

— for X = —= 240; for all other eases, f -^1 is lesser] 

b 0.025 . ® UJ, 

29. At high pressure, van der Waals’ equation becomes: 

(DP!V1T2006) 
a 


(a) PV - RT 


(c) PV =XT - 

[Ans.’ (d)] 


(b) PF=PJ + : 


(d) PV = RT + Pb 
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[Hint: 


P+ a^\{V ^nb) = nRT 


P + ^\(V -b) = RT Ml mol gas 


At high pressure, P + 


PiV -b) = RT: . 

. PV = RT + Pb] 


: ISgg ^SoME Solved Examples\ 


•••• • 
•••• • 


Solution: 



(Initial state) , (After heating) 


• ■■'Exalnple49, ' Calculate the' total pressure in a IQ litre 
cylinder.which contairis 0.4 g of helium, 1.6g of oxygen and 1.4g 
of nitrogen at 21°C. Also calculate the partial pressure of helium 
gas in the cylinder. Assume ideal behaviour of gases.- 


Given that, R ■■ 

Solution: 


: Q.Q%2 litre—atm K - ‘ mol 


(IIT 1997 ) 


‘He 


4 ' 


' O.li hoj' 

= 1,4/28 = 


~ 32, 
,0.05 


= 0.05 


■fHe X RxT 

X 10= 01x0.082 l x 300 
= 0.2463 atm 

FXF = («He +«02 +%2 


F X 10= (0.1 + 0.05 + 0.05) X 0.0821 x 300 


F = 0.4926 atm 


Example 50. An evacuated glass vessel weighs 50.0 g 
when empty, 148.0 g when filled with a liquid of density 0.98 
glmL^^ and 50.5g when filled with an ideal.gas at 760mm Hg at 
300K. Determine the molecular weight of the gas. (llT 1998) 

Solution: Mass of liquid = 148-50= 98 g 

• Volume of liquid = . = 10.0 mL 

density : 0.98 " 

Volume of vessel = Volume of liquid 

Mass of gas = 50.5- 50= 0.5 g 


On applying ideal gas equation, we have, 

w 

pr=^RT 

m 


760 100 _ 0.5 

760 1000" m 


X 0.0821x 300 


m=123 

Example 51. A vertical hollow cylinder of height 1.52 m is 
fitted with a movable piston of negligible mass and thickness. The 
lower half of the cylinder contains an ideal gas and the upper 
half is filled with mercury. The cylinder is initially at 300 When 
the temperature is raised half of the mercury comes out of the 
cylinder. Find the temperature assuming the thermal expansion 
of mercuty to be negligible. 


At initial stage: , ; 

Pressure of gas = Pressure of Hg + Pressure of 

atmospheric air 

; . . =.76+.76= 152cm .- 

T=300K. 

- P = Fj / 2 where, Ej . is volume, of.cylinder. 

: At final stage after heating:-. 

' I’ressure of gis = Pressure of Hg + Pressure of 
. , ^ atmospheric air 

= 38 + 76=114-cm - 

.r=-7... 

4 ’ [ 

Applying gas equation, we.have . 

152xF,^114x(3F,74) .,‘ 

2x300 ^ ■ r 

^ _ 114x3x 2x 300 
4X152 ' 

.. = 337.5 K' 

Example 52, ...A thin tube.of uniform cross-section is sealed 
at both ends. It lies horizontally, the middle 5 cm containing Hg 
and the two equal ends containing air at the same pressure . 
When the tube is held at an angle 60° with the vertical, the 
lengths of the air column above and below the mercury are 46 
and 44.5 em respectively. Calculate pressure Pq in cm of Hg. {The 
temperature of the system is kept at 3Q°C). , 



Solution:.. .At horizontal position, let the length of air column 
in tube be JL cm. 
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21 + 5 = 46 + 5 + 44.5 cm 
1 = 45.25 cm 

When the tube is held at 60° with the vertical, the mercury 
column will slip down. 

Py + 5cos 60° = Px 



- Py = ^ = 2.5cmHg 

... (i) 

From end X, 

Po X 45.25 = P^ X 44.5 

45.25 „ 

....(ii) 


p _ p 

^ 44.5 . 

From end Y, 

Po X 45.25 = Pj. x46 
„ 45.25 

... (iii) 


■ Py-^-Po 
^ 46- 


Substituting the, values of P^ and Py in equation (i) we get 
P,=15A 

Example 53. A 10cm column of air is trapped by a column 
of Hg, 8 cm long, in a capillary tube horizontally fixed as shown 
below, at I atm pressure. Calculate the length of air column when 
the tube is fixed at the same temperature (a) vertically with open 
end up (b) vertically with open end down (c) at 45° with the 
horizontal with open end up. 



(b) 


Soludon: (a) PjFj =^ 2^2 

or Pf^a = P 2 l 2 a. 

where, a = area of cross section of tube 
/], 4 = length of air column 
P 2 ~ "^6 + 8 = 84 cm 
_ Pi/i _ 76x 10 
. 84 

= 9.04 cm 



(c) When the tube is held at 45° with open end up, the weight 
of Hg is borne partially by the gas and partially by the Hg. 
Vertical height of Hg is a measure of additional pressure on gas, 


i.e., 





Example 54. The stop cock connecting two bulbs of 
volume 5 litre and 10 litre containing an ideal gas at 9 atm and 6 
, atm respectively, is opened. What is the final pressure in the two 
bulbs if the temperature remains the same? 

.Solution: • P^ + P 2 V 2 = P^iV^ + V,) . 

9x5+6xl0 = Pff(15) 

Pr =1 atm 

where, Pr = resultant pressure after mixing. 

Example 55. At what temperature is the average velocity 
0 /O 2 molecule equal to the root mean square velocity at 21°C? 

Solution: »av =^rn,s 



%RT _3Rx 300 
nM M 


r = 353.57 K 

< = 80.57° C 

Example 56. The composition of the equilibrium mixture 
for the equilibrium t ^ 2 Cl at 1400 K may be determined 
by the rate of diffusion of mixture through a pin hole. It is found 
that at 1400 K, the mixture diffuses 1.16 times as fast as krypton 
diffuses under the same conditions. Find the degree of 
dissociation of Cf equilibrium. 

Solution: Equilibrium of dissociation of CI 2 may be ^ 
represented as; ' ' 

^ Qjig) ^ 2a(g) 

/ = 0 fl 0 . 

fgq a(!-a) 2a a 

Total moles = a(l - a) + 2aa = a(l + a) 

aMp. Mp, 

M . = ^ ^ ■ 

/I X /I \ 

a(l + a) (1 + a) 



(1.16f x71 

84 


l = a; a = 0.1374 
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ExampIeS?. A gaseous mixture of helium and oxygen is 
found to have a density <^0.518 g dmT^ at 25 °C and 720 torn 
What is the per cent by mass of helium in this mixture? 

Solution: We know that, Pm = 

— X m = 0.518 X 0.0821 X 298 
760 

m = 13.37 g/n»l 

Let mole fraction of He in mixture be a. 

-*^02 ~ 

Average mw = a X + (1 - a )Moj 
13.37 = ax4 + (l-a)32 
a = 0.666 

4 


% by mass of He = 0.666 x 


0.666x4+0.334x 32 


xlOO 


= 19.95% 

^ Example 58. Find the temperature at which 3 moles of 
SO 2 will occupy a volume of 1 0 litre at a pressure of\5 atm. 

a = 6.71 atm litre^ moF ^; b = 0.0564 litre mol 


Solution; 


an 


P + lF?^\{V-nb) = nRT 


yi j 


. 6 71x9\ 

15+ —.'.- (10- 3x 0.0564)= 3 x 0.082x T 

100 J 

r = 624K 

Example 59. van der Waals' constant ‘b’ of Ar is 
3.22 X 10“^ m^ mol . Calculate the molecular diameter of Ar. 
Solution; We know that, 

6 = 4 X volume occupied by the molecules 

in one mole of a gas 


:4x An X 




4 99 

3.22x10^^ = 4x6.02x10^^ x-x —xr^ 


or 


3 7 

3.22x10^^ X 3x7 
4x6.02x10^^ x4x22 


,1/3 


= 0.1472x10'^ m 
Diameter = 2 r = 2 X 0.1472 X 10"^ 

= 0.2944 X 10“^ m 

Example 60. The compression factor {compressibility 
factor) for 1 mole of a van der Waals’ gas at 0°C and 100 
atmospheric pressure is found to be 0.5 Assuming that the volume 
of a gas molecule is negligible, calculate the van der Waals ’ 
constant'a’. . (I1T2001) 

Solution: We know that, 

PV 


Z = - 


RT 


0.5: 


lOOxL 


0.0821x273 
F = 0.112 litre 

According to van der Waals’ equation, 

P + 4rl (V-b)=RT 
I V^J 

a 


for 1 mole 


100 + - 


[0.112-0]= 0.0821x273 


( 0 . 112 )^ 

On solving, we get a = 1.253 If mol"'' atm 

Example 61. the density of the vapours of a substance at 1 
atm pressure and 500 K is 0.36 kg mT^. The vapours effiise 
through a small hole at a rate <:^133 times faster than oxygen 
under the same conditions: 

(a) Determine: (/) molecular weight, (ii) molar volume, 
{Hi) compressibility factor {Z)of the vapours, {iv) Which forces 
among gas molecules are dominating, the attractive or the 
repulsive? 

{b) If the^ vapours behave ideally at 1000 K, determine the 
average translational kinetic energy of a molecule. (IIT 2002) 


Solution: (a) (i) 


' vapour 




(ii) 


1.33 

M 

^ ^ vapour 

Molar volume = 



^02 

ll 

M 

^ ^ vapour 


1 32 

1 

M 

1 vapour 

= 18.1 

Molar mass 


50.25 X 10"^ m' 


(iii) Compressibility factor, Z = 


Density 
18.1 
’ 0.36 

^ = 101325x50.25x1 0 
8.314x500 


-3 


RT 
= 1.225 

(iv) Z > 1 shows that repulsive forces are dominant, 
(b) Translational KE per molecule 

= -x — xT 
2 N 


8.314 


■xlOOO 


2 6.023 X 10“ 

= 2.07xl0'^“j 

;M-vExample 62. The ratio of rate of diffusion of helium and 
methane under identical conditions of pressure and temperature 
will be: [llT (S) 2005] 

{a)4 (6)2 (c)l (d)0.5 

'CH 4 _ [A=1 " 


Solution: 


me 

n 


He 
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SECTION 2 : LIQUID STATE 


4.11 THE LIQUID STATE 

Liquid state is intermediate between gaseous and solid states. The 
liquids possess fluidity like gases but incompressibility like 
solids. 

The behaviour of liquids explained above gives some 
characteristic properties to the liquids such as definite volume but 
no definite shape, incompressibility, diffusion, fluidity 
(or viscosity), evaporation (or vapour pressure), surface tension, 
etc. 

Properties of liquids can be explained on the basis of kinetic 
molecular theory which has the following postulates: 

(i) A liquid is made up of molecules; atoms in rare cases, 
e.g., Hg (mercury). 

(ii) The molecules of the liquid are quite close together, 

(iii) The intermolecular forces of attraction in a liquid are 
quite large. 

(iv) The molecules of liquids are in a state of constant rapid 
motion. 

(v) The average kinetic energy of the molecules of a liquid is 
. directly proportional to their absolute temperature. 

A liquid state is regarded as a condensed gas or a molten solid. 
Liquid state, however, has much more in common with solid state 
than with gaseous state. The following general characteristics are 
exhibited by liquids: 

(i) Shape 

Liquids have no shape of their own but assume the shape of 
the container in which they are kept. No doubt, liquids are mobile 
but they do not expand like gases as to fill up all the space offered 
to them but remain confined to the lower part of the container. 

(ii) Volume 

Liquids have definite volume as the molecules of a liquid are 
closely packed and the cohesive forces are strong. The molecules 
are not quite free to occupy any space. 

(iii) Density 

As the molecules in liquids are closely packed, the densities of 
liquids are much higher than in gaseous state. For example, 
density of water at 100°C and 1 atmospheric pressure is 0.958 g 
mL“' while that of water vapour under similar conditions as 

f hiP^ 

calculated from ideal gas law | d =-I is 0.000588 g nlL“’. 

\ RT) 

Up 

(iv) Compressibility 

The molecules in a liquid are ..held in such close contact by 
their mutual attractive forces (cohesive forces) that the volume of 
any liquid decreases very little with increased pressure. Thus, 
liquids are relatively incompressible compared to gases. 

(v) Diffusion 

When two miscible liquids are put together, there is slow 
mixing as the molecules of one liquid move into the other liquid. 
As the space available for movement of molecules in liquids is 


much less and their velocities are small, liquids diffuse slowly in 
comparison to gases. 

(vi) Evaporation 

The process of change of liquid into vapour state on standing 
is termed evaporation. Evaporation may be explained in tenns of 
motion of molecules. At any given temperature, all the molecules 
do not possess the same kinetic energy (average kinetic energy is, 
however, same). Some molecules move slowly, some at 
intermediate rates and some move very fast. A rapidly moving 
molecule near the. surface of the liquid may possess sufficient 
kinetic energy to overcome the attraction of its neighbours and 
escape. Evaporation is accompanied by cooling as average 
kinetic energy of remaining molecules decreases. 

Evaporation depends on the following factors: 

(a) Nature of the liquid; The evaporation depends on the 
strength of intermolecular forces (cohesive forces). The liquids 
having low intermolecular forces evaporate faster in comparison 
to the liquids having high intermolecular forces. For example, 
ether evaporates more quickly than alcohol, and alcohol 
evaporates more quickly than water, as the intermolecular forces 
in these liquids are in the order: 

Ether < Alcohol < Water 
Alcohol < Glycol < Glycerol 

increasing extent of hydrogen bonding 

(b) Surface area: Evaporation is a surface phenomenon. 
Larger the surface area, greater is the opportunity of the 
molecules to escape. Thus, rate of evaporation increases with 
increase of surface area. 

Rate of .evaporation Surface area 

(c) Temperature: Rate of evaporation increases with the 
increase of temperature as the kinetic energj' of the molecules 
increases with the rise of temperature. 

Rate of evaporation Temperature 

(d) Flow of air current over tbe surface: Flow of air helps 
the molecules to go away from the surface of liquid and, 
therefore, increases the evaporation. 

(vii) Heat ef vaporisation 

The quantity of heat required to evaporate a unit mass of a 
given liquid at constant temperature is known as heat of 
vaporisation or heat of evaporation. The heat of vaporisation 
depends on the strength of the intermolecular forces within the 
liquid. The value of heat of vaporisation generally decreases with 
increase in temperature. It becomes zero at the critical 
temperature. When the vapour is condensed into a liquid, heat is 
evolved. This is called heat of condensation. It is numerically 
equal to the heat of vaporisation at the same temperature. 

(viii) Vapour pressure 

When the space above the liquid is closed, the molecules 
cannot escape into open but strike the walls of the container, 
rebound and may strike the surface of the liquid, where they are 
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Pig. 4.13 (a) Evaporation in a closed vessel 


trapped. The return of the molecules from the vapour state'to the 
liquid state is known as condensation. As evaporation proceeds, 
the number of molecules in the vapour state increases and, in 
turn, the rate of condensation increases. 

The rate of condensation soon becomes equal to the rate of the 
evaporation, Le., the vapour in the closed container is in 
equilibrium with the liquid. 

Evaporation., 

Liquid t - Vapour 

Condensation 



Fig: 4.13(b) 


of Hg) for water, alcohol and ether at different tefiiperatures are 
given in the following table; 


Substance 


-.Tempiei;atiite» 


0®C 

WC 

40»>C 


.100'*C 

Water 

- 4.6 

17.5 

' -55.0 

355.5 

76Q3 

Ethyl alcohol 

12.2 

43.9 

135.3 

812.6 

1693.3 

Diethyl ether 

185.3 

442.2 

921.1 

2993.6 

4859.4 


It is observed that non-polar or less polar liquids such as 
diethyl ether and ethyl alcohol possess fairly high vapour 
pressures on account of weak intermolecular forces (cohesive 
forces) whereas polar molecules such as water which have 
stronger intermolecular forces possess relatively lower vapour 
pressures. 

The simplest method for measuring vapour pressure is the 
barometric method. It consists of two barometer tubes as shown 
in Fig. 4,14. A small quantity of the liquid is introduced into one 
of the tubes. It changes into vapour and rises into vacuum above 



Fig. 4.14 The barometric method for measurement of 
vapour pressure 


At equilibrium, the concentration of molecules in the vapour 
phase remains unchanged. The pressure exerted by the vapour in 
equilibrium with liquid, at a given temperature, is called the 
vapour pressure. Mathematically, it is given by the gas equation: 

P = -RT = CRT 
V 

where, C is the concentration of vapour, in moVlitre. 

In closed vessel. 

Rate of evaporation °= e~ (Boltzmann factor) 

Thus, rate of evaporation remains constant at constant 
temperature. 

Since, the rate of evaporation increases and rate of 
condensation decreases with increasing temperature, vapour 
pressure of liquids always increases as temperature increases. At 
any given temperature, the vapour pressures of different liquids 
are different because their cohesive forces are different. Easily 
vaporised liquids are called volatile liquids and they have 
relatively high vapour pressures. Vapour pressure values (in mm 


the mercury. Some more of the liquid is introduced and the 
process is continued till a small amount of the liquid is visible on 
the surface of mercury. The difference in the levels of mercury in 
the two tubes is noted and this measures the vapour pressure of 
the liquid at atmospheric temperature. The measurement can also 
be made at any desired temperature by surrounding the tubes with 
a jacket maintained at that temperature. 

The vapour pressure of a given liquid at two different 
temperatures can be compared with the help of 
Clausius-Clapeyron equation. 


log 


Pi _ tCH 
P, 2.303R 


1 1 


vT’, 




where. A// is the latent heat of vaporisation and R is the molar gas 
constant. 

The actual form of Clausius-Clapeyron equation is; 


log 10 P 


‘ vap 


2.303Pr 


+ A 


Note : Vapour and gas: A gas can be liquefied only below critical temperature, by applying pressure. There is no characteristic critical temperature for 
vapours. - . 
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When = Latent heat of vaporisation and ‘A* is constant, 
A graph between logjo P and ^ will be a straight line with 

negative slope. 


't 

loQi^ 


1/T — 

Fig. 4.15 Variation of vapour pressure wilh temperature 
(lx) Bolling point 

The temperature at which the vapour pressure of the liquid 
1 ; becomes equal to the atmospheric pressure is called the boiUng 

point of the liquid. When a liquid is heated under a given applied 
J pressure, bubbles of vapour begin to form below the surface of 

the liquid. They rise to the surface and burst releasing the vapour 
? into the air. This process is called boiling. The normal boiling 

I point is the temperature at which the vapour pressure of a liquid 

I is equal to exactly one standard atmospheric pressure (760 mm of 

ii Hg). Fig. 4,16 shows that normal boiling points of diethyl ether, 

! ethyl alcohol and water are 34.6°C, 78.5“C and 100°C 

i respectively. 

The temperature of the boiling liquid remains constant until all 
1 the liquid has been vaporised. Heat must be added to the boiling 

i liquid to maintain the temperature because in the boiling process, 

' the high energy molecules arc lost by the liquid. The higher rate 

at which heat is added to the boiling liquid, the faster it boils. 

The boiling point of a liquid changes with the change in 
external pressure. A liquid may boil at temperature higher thm 
normal under external pressure greater than one atmosphere; 
conversely, the boiling point of a liquid may be lowered than 
normal below one atmosphere. Thus, at high altitudes where the 
atmospheric pressure is less than 760 mm, water boils at 
temperature below its normal boiling point of 100°C. Food cooks 
more slowly at higher altitudes because the temperature of 
boiling water is lower than it would be nearer the sea level. The 
temperature of boiling water in a pressure cooker is higher than 
the normal, thus rowing it possible to cook foods faster than in 
open vessels. 

If a liquid decomposes when heated, it ean be made to boil at 
lower temperature by reducing the pressure. This is the principle 
of vacuum distillation. Unwanted water is removed from many 
food products by boiling it away under reduced pressure. 

Boiling and evaporation are sikiilar processes (conversion of 
liquid into vapour) but differ in the following respects; 

(a) Evaporation takes place spontaneously at all temperatures 
but boiling occurs only at a particular temperature at which the 
vapour pressure is equal to the atmospheric pressure. 

(b) Evaporation is a surface phenomenon. It occurs only at 
the surface of the liquid whereas boiling involves formation of 
bubbles below the surface of the liquid. 


Slope of the line 




Fig. 4.16 Vapour pressure curves for diethyl ether, ethy 
alcohol and water 

(c) In vaporisation, the vapour molecules diffuse from the 
liquid into the atmosfrfiere but in boiling, molecules escape with 
sufficient pressure into the space over the surfece of liquid, 

(x) Freezing point » 

When a liquid is cooled, the kinetic energy of the molecules 
goes on decreasing. A stage comes when the intermolecular 
forces become stronger Md the translational motion is reduced to 
minimum. At this stage, the formation of solid begins and the 
liquid is seen to freeze out. The point (temperature) at which the 
vapour pressure of solid and liquid forms of a substance become 
equal is termed as freezing point. 

Normal freezing point of a liquid is the temperature at which 
its liquid and solid forms are in equilibrium with each other under 
a pressure of one atmosphere. Thafreezing point of a liquid is the 
same as ffie melting point of its solid form. At the freezing point 
the temperature of the solid-liquid system remains constant until 
all the liquid is frozen. The amount«of heat that must be removed 
to freeze a unit mass of the liquid^t the freezing point is called 
the heat of fusion. 

The freezing point of a liquid is affected by the change of 
external pressure. With increased external pressure, Ihe freezing 
point of some liquids rises while of others falls. 

(xl) Surface tension 

It is the property of liquids caused by the intermolecular 
attractive forces. A molecule within the bulk of the liquid is 
attracted equally in all the directions by the neighbouring 
molecules. The resultant force on any one molecule in the centre 
of the liquid is, therefore, zero. However, the molecules on the 
surface of the liquid are attracted only inward and sideways. This 
unbalanced molecular attraction pulls some of the molecules into 
the bulk of the liquid, i. e. , are pulled inward and the surface area 
is minimized. Surface tension is a measure of this inward force 
on the surface of the liquid. It acts downwards perpendicular 
to the plane of the surface. The unit of surface tension is dyne 
cm~' or Newton metre"’ (Nm'*). It is a scalar quantity. Surface 






I 


States Of Matter 1 


245 


tension is, thus, defined as the force acting on unit length of a 
line imagined to be drawn tangentially anywhere on the free 
surface of a liquid at rest. It acts at right angles on both sides 
of the line and along the tangent to the liquid surface. Surface 
tension depends on the area, not on the length, like elastic 
properties.. 

As the intemiolecular forces of attraction decrease with the 
rise of temperature, the surface tension of a liquid, thus, 
decreases with increase in temperature. Similarly, addition of 
chemicals to a liquid reduces its surface tension. For example, 
addition of chemicals like soaps, detergents, alcohol, camphor, 
etc,, lowers the surface tension of water. 



Fig. 417 (a) Molecules at the surhice are under unequal tension 

Many common phenomena can be explained with the help of 
si^ace tension. Some are described here: 

(a) Small droplets are spherical in shapie: The surface 
tension acting on the surface of the liquid tries to minimise the 
surface area of a given mass of a liquid. It is known that for a 
given volume, a sphere has the minimum surface area. On 
account of this, drops of liquids acquire a spherical shape. 

(b) Insects can walk on the surface of. water: Many 
insects can walk on the surface of waterVithout drowning. This 
is due to the existence of surface tension. The surface tension 
makes the water surface to behave like an elastic membrane and 
prevents the insects from drowning. 

(c) Cleaning action of soap and detergents: Soap and deter¬ 
gent solutions due to theirlower surface tensions penetrate into 
the fibre and surround the greasy substances and wash them away. 

(d) Capillary action: The tendency of a liquid to rise into 
narrow pores and tiny openings is called capillary action. The 
liquids rise in the capill^ tubes due to the surface tension. The 
force of adhesion between the molecules of water and the 
molecules of glass of the capillary tube is greater than the force of 

' cohesion between water molecules. Due to this, surface of water 
in a glass capillary tube curves upwards in convex shape and then 
the force of surface tension of water pulls the water up into the 
tube. The water rises into a c^illary tube to such a height that the 
weight of resulting water cohnnn is just balanced by the force of 
surface tension. 

The rise of oil in a lamp wick and flow of water from the roots 
of a tree to upper parts are also the examples of capillary action. 

Note; At tlw critical tenqjerafUre, surface tension of liquid betohies zefe 

S^urfece tension is scalar quantity. ■ , 


In general, the liquids which wet the material show capillary rise. 
Those liquids which do not wet the material of a capillary always 
show depression, e.g., glycerine, honey, mercury, etc. 

When a liquid rises in a column, its upper surface becomes 
concave and when the liquid goes down in a capillary, its upper 
surface becomes convex. 



Fig. 417 (bl Effedt of shape and radius on capillary rise 

(i) Height of liquid in the column of capillary is*independent 
of shape of capillary if its radius is same. 

(ii) Thinner is the capillary, greater is the height of liquid in the 
column. 

(e) Surface energy: The work in erg required to be done to 
increase or extend surface area by 1 sq. cm is called surface 
energy. The units of surface energy are, therefore, erg per sq. cm 
(or Joule per sq. metre, Le., J in SI system). Surface tension 
of liquid is numerically equal to the surface energy. 

Surface energy, 

Y =s Work done to increase the surface area by one unit 
Work 

Change in area 

_ force X displacement in the direction of force 
area 

_ Force 

Length 

The unit of surface tension is therefore dyne cm'* (force per 
unit length). ; , 

Measuremetit of surface jtension: The surface tension of a 
liquid is measured by the drop count method using a 
stalagmometer. 

Let y, and dj be the surface tension and density of water and 
Y 2 and ^2 surface tension and density of the liquid whose 
surface tension is to be determined. Using a stalagmometer the 
number of drops fomwd by the same volume Of water and liquid 
is determined. 

Yl ^2 
Yi ”2^1 

Using the above relation, the surface tension Of the liquid, y 2 , can 
be calculated. 

iwhem the meniscus between the liquid and the vapour disappears). ' 
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Surface tension of the Hquid can also be measured by capillary 
rise method. 



Fig. 4.18 Capillary rise 

When liquid rises in a capillary, upward force due to surface 
tension is balanced by gravitational force; 

27i;.ry CQS 6 = mg 

wh m = iX^S;df liquid in column 
r = radip of capillary 
h = capillary rise 
g = gravitational force 

Mass of liquid in column (/«) = F X p 

-Tlr^hxp 
2jt ry cos 8 = Apg 
rhos 

Y = —(p = density of liquid) 
2 cos 6 


If angle of contact between glass and liquid is zero, i.e., 
cos 6 = 1, then 

_ rhpg 


Effect of temperature on surface tension : Surface tension 
decreases with rise in. temperature because the intermolecular 
force also decreases with rise in temperature. The decrease in 
surface tension with rise in temperature continues till critical 
temperature at which the surface tension of liquid becomes zero, 
i. e. , meniscus between liquid and vhpour disappears. 

According to Edtvos equMion, 

,^ 2/3 


KP 




.•.As t increases, y decreases linearly, when t = t^,y ~Q, here 
is the critical temperature. 


(xii) Viscosity 

All liquids have a characteristic property of flow. Some 
liquids like water, alcohol, ether, etc., flow- quickly while 
glycerine, castor oil, molasses, etc., flow very slowly. The 

property of the liquids which determines their resistance to 
flow, is called viscosity. 

When a liquid flows through a pipe, all parts of it do not move 
at the same rate. The thin layer in immediate contact with the wall 
of the pipe is almost stationary. The velocity of flow of each 
successive layer of liquid increases progressively as we proceed 
inward towards the centre. At the centre, the flow becomes 
fastest. Each layer of liquid moving with greater velocity over the 


one having lower velocity will experience a retardir^ effect due 
to the internal friction between the two layers. This internal 
friction or resistance is caUed viscosity. 

Imagine a liquid to be made up of a large number of thin 
cylindrical coaxial layers. 

It has been found that force of friction ‘/’ between two 
cylindrical layers each having area ‘A" sq. cm separated by a 
distance 'x' cm and having a velocity difference v cm/sec is 
given by: 

f°^A- 

X 

f = t]A- 

X 



V cm/sec 
(V + v) cm/sec 


Here, V] is. a constant known as coefficient of viscosity. If x = 1 
cm, A = Icm^ andi; = 1 cm/sec., then /='q. 


Thus, coefficient of viscosity can be defined as the force per 
unit area needed to maintain unit difference of velocity 
between two consecutive parallel layers of the liquid which 
are one centimetre apart. 

Coefficient of viscosity is expressed in dyne cm"^ sec. It is 
more commonly expressed as poise, centipoise (10“^ poise) and 
millipoise (10"^ poise), after the name of Poiseuille who derived 
the formula and gave the method for its determination. 1 poise is 
equal to a force of 1 dyne per unit area which maintains a velocity 
difference of 1 cm per second between two parallel consecutive 
lajrers of the liquid 1 cm apart. 

The reciprocal of the coefficient of viscosity is called Fluidity 

m- 

(1> = Fluidity = - 

’I 

Liquids with low viscosity are termed mobile and others with 
high viscosity are called viscous. 

Viscosity depends on the following factors; 

(a) Intermolecular forces: The liquids with high 
intermolecular attractive forces offer greater resistance to the 
flow of molecules and thus possess high viscosity. 

(b) Molecular mass: The flow of molecules is inversely 
proportional to its mass. Liquids having high molecular mass 
poss^ greater viscosity. 

(c) The structure and shape of molecules: Viscosity 
generally increases as the branching in the chain increases. 
Symmetric^ molecules have low viscosity. 
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(d) Temperaturei Intemiotecular forces decrease with rise 
in temperature. Thus, viscosity decreases with the increase of 
temperature. This property is used to select the lubricant for a 
machine and engine. The variation of viscosity with temperature 
can be expressed by the following relationship: 

where, A = Pre-exponential factor (constant) 

= Activation energy 

Taking logaritJmi of equation (i) we get: 

£ 1 

loS 10 11 = log 10-4 - — —X- ...(ii) 

2.303i? T 



Fig. 4.20 

This equation represents straight line with formula y - 
Equation (ii) may also be given as 


mx+C 


log 


^2 


10 


T. 


T), 2.303i?j 

where 112 is the coefficient of viscosity at temperature T 2 and 
T] 1 is the coefficient of viscosity at temperature . 


(e) Pressure'. The increase of pressure increases the 
intermolecular forces. Thus, the viscosity of a given liquid 
increases with increase of pressure. 

(f) Density : Viscosity of a liquid increases with increase in 
density while that of gas decreases. 

Measurement of viscosity: Viscosity is generally 
determined by Ostwald’s method. It involves the comparison of 
time of flow of equal volumes of two liquids through the same 
capillary using an apparatus called viscometer. 

r\ _ dy.t 

■n.,- 

where, = coefficients of viscosity of water and liquid 
respectively; d = density of liquid; = density of water; 
t ~ time of flow of liquid; = time of flow of water. 

Note: Viscosity of gases increases with increase in temperature. 

Comparison between viscous force and solid friction 


Points of differences: 

l^KoasfDice 


1. It is directly proportional to the 
area of layers in contact. 

It is independent of the area of 
the surfaces in contact. 

2. It is directly proportional to the 
relative velocity between the two 
liquid layers. 

It is independent of the relative 
velocity between two solid sur¬ 
faces. 


Point of similarities: 

(i) Both viscous force and solid fi-iction come into action 
where ever there is relative motion. 

(ii) Both these forces oppose the motion. 

(iii) Both are due to molecular attraction. 


SECTION 3 : SOLID STATE 


4.12 THE SOLID STATE 

In solid state, the particles (molecules, ions or atoms) are closely 
packed. These are held together by strong intermolecular 
attractive forces (cohesive forces) and cannot move at random. 
These are held at fixed positions and surrounded by 
other particles. There is only one form of molecular motion in 
solids, namely vibrational motion by virtue of which the particles 
move about fixed positions and cannot easily leave the solid 
surface. The following general characteristics are exhibited by 
solids: 

(i) definite khape and volume: Unlike gases and liquids, 
solids have definite shape and rigidity. This is due to the fact that 
constituent particles do not possess enough energy to move about 
to take-up different positions. Solids are characterised by their 
definite volume which does not depend on the size and shape of 


the container. This is due to close packing of molecules and 
strong short range intermolecular forces between them. 

(ii) High density and low compressibility: Solids have 
generally high density and low compressibility due to close 
packing of molecules which eliminates free space between 
molecules. 

(iii) Very slow diffusion: The diffusion of solid is 
negligible or rather very slow as the particles have permanent 
positions from which they do not move easily. 

(iv) Vapour pressure: The vapour pressure of solids is 
generally much less than the vapour pressure of liquids at a 
definite temperature. Some particles near the surface may have 
high energies (kinetic) as to move away and enter the vapour 
state. 



248 


G.rb. Physical Chemistry Fob Competitions 


(v) Melting point: The temperature at which the solid and 
the liquid forms of a substance exist at equilibrium or both the 
forms have same vapour prmure, is called the melting point. On 
supplying heat energy, the particles acquire sufficient energy and 
move away from their fixed positions in space. This results in the 
formation of liquid state. The solids have definite melting points 
depending on the strength of binding energy. However, in some 
solids (amorphous solids)* the melting point is not sharp. 

4/t3 FORMS OF SOLIDS 

Solids are divided into two classes on the basis of haphazard and 
regular arrangement of the building constituents. 

(i) Amorphous* solids: The term ‘amorphous’ has been 
derived from a Greek word 'Omorphe' meaning shapeless. In 
amorphous solids the arrangement of building constituents is not 
regular but haphazard. Although these solids possess some of the 
mechanical properties such as rigidity, incompressibility, 
refractive index, etc., but do not have characteristic shapes or 
geometrical forms. Amorphous solids in many respects resemble 
liquids which flow very slowly at room temperature and regarded 
as supercooled liquids in which the cohesive forces holding the 
molecules together are so great that the material is rigid but there 
is ho regularity of the structure. Glass, rubber, plastics, etc., are 
some of the examples of amorphous solids. 

Amorphous solids do not have sharp melting points. For 
example, when glass is heated, it softens and then starts flowing 
without undergoing any abrupt change from solid to liquid state. 

Thus, amorphous substances are not true solids but can be 
regarded as intermediate between liquids and solids. 

(ii) Crystalline solids: In crystalline solids, the building 
constituents arrange themselves in regular manner throughout the 
entire three-dimensional network. The ordered arrangement of 
building constituents (molecules, atoms or ions) extends over a 
large distance. Thus, crystalline solids have long range order. A 
crystalline solid consists of a large number of units, called 
crystals. A crystal is defined as a solid figure which has a 
definite geometrical shape, with flat faces and sharp edges. 

A crystalline substance has a sharp melting point, Le., it 
changes abruptly into liquid state. Strictly speaking ‘a solid state 
refers to crystalline state’ or ‘only a crystalline substance can be 
considered to be a true solid’. 

4J4 ISOTROPY AND ANISOTROPY 

The substances which show same properties in all directions are 
said to be isotropic and the substances exhibiting directional 
differences in properties are termed anisotropic. 

Amorphous solids like liquids and gases are said to be 
isotropic as arrangement of building constituents is random and 
disordered. Hence, all directions are equal and therefore, 
properties are same in all the directions. 


Crystalline solids are anisotropic. Magnitude of some of the 
physical properties of crystalline solids such as refractive index, 
coefficient of thermal expansion, electrical and thermal 
conductivities, etc., is different in different directions, within the 
crystal. For example, in the crystal of silver iodide (Agl), the 
coefficient of thermal expansion is positive in one direction and 
negative in the other direction. 



Fig. 4.21 Anisotropic behaviour of crystals . 

The phenomenon of anisotropy provides a strong evidence for 
the presence of ordered molecular arrangement in crystals. This 
can be explained with the help of Fig. 4.21 in which a simple two 
dimensional arrangement of two different kinds of atoms has 
been depicted. When a physical .property is metsured along the 
slanting line CD, it will be different from that measured in the 
direction of vertical line AB, as line CD contains alternate types 
of atoms while line AB contains one type of atoms.only. 

AM DIFFERENCES BETWEEN 

CRYSTALLINE AND AMORPHOyS > 
SOLIDS _ - ■ 

Ciystalltttflolids Amo^hous s^Uds 

1. They have definite and regular They do not have any pattern of 
geometry due to definite and or- arrangement of atoms, ions or 
derly anangement of atoms, ions molecules and, thus, do not have 
or molecules in three dimen- any definite geometrical shape, 
sional space. 

2. They have sharp melting points Amorphous solids do not have 

and change abruptly into liquids, sharp melting points and do not 

change abruptly into liquids. 

3. Crystalline solids are Amorphous solids are isotropic, 
anisotropic. Some of their physi- Their physical properties are 
cal properties are difterent in dif- same in all directions. 

ferent directions. 

4. These are considered as true sol- These are considered pseudo- 

ids. solids or supercooled liquids. 

5. Crystalline solids are rigid and Amorphous solids are not very 

their shape is not distorted by rigid. These can be distorted by 
mild distorting forces; bending or compressing forces. 


* Melting point of a solid depends on the structure of the solid. It is used for the identification of solids whether it is crystalline or amorphous. 
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Crystalline solids 


6. Crystals are bouird by plane 
faces. The angle between any 
two faces is called interfacial an¬ 
gle. For a given crystalline solid, 
it is a definite angle and remains 
always constant no matter how 
the faces develop. . 

When a crystalline solid is ham¬ 
mered, it breaks up into smaller 
crystals of the same geometrkral 
shape. 


Amorphous solids 

Amorphous solids do not have 
well defined planes. 

When an amorphous solid is bro¬ 
ken, the surfaces of the broken 
pieces are generally not flat and 
intersect at random angles. 


7- An important property of crys¬ 
tals is their symmetry. There are: 
(i) plane of symmetry, (ii) axis of 
symmetry and (iii) centre of 
symmetry. 


Amorphous solids do not have 
any symmetry. 


4;i6 TYPES OF SYMMETRY IN CRYSTALS 


(i) Centre of symmetry: It is such an imaginary point within 
the crystal that anydine drawn through it intersects the surface of 
the crystal at equal distances in both directions. A crystal always 
possesses only one centre of symmetry [Fig. 4.22 (f)]. 

(ii) Plane of symmetry: It is an imaginary plane which 
passes through the centre of a crystal and divides it into two equal 
portions such that one part is exactly the mirror image of the 
other. 


A cubical crystal like NaCl possesses, in all, nine planes of 
symmetry; three rectangular planes of symmetry and six diagonal 
planes of symmetry. One plane of symmetry of each of the above 
is shown in Fig. 4.22 (a) and (b). 




i\) 


ID 


Rectangular plane 
of symmetry 
(a) 


Diagonal plane 
of symmetry 
(b) 


Axis of four-fold 
symmetry (three) 
(c) 



Axis of three-told Axis of two-fold Centre of 

symmehy (four) . symmetry (six) symmetry (one) 

(d) (e) (f) 

Fig. 4.22 Various elements of symmetry in a cubic crystal 


(lii) Axis of symmetry: It is an imaginary straight line 
about which, if the crystal is rotated, it will present the same 
appearance more than once during the complete revolution. The 


axes of symmetry are called diad, triad, tetrad and hexad, 
respectively, if the original appearance is repeated twice (after an 
angle of 180°), thrice (after an angle of 120°), four limes (after an 
angle of 90°) and six times (after an angle of 60°) in one rotation. 
These axes of symmetry are also called two-fold, three-fold, 
four-fold and six-fold, respectively. 

In general, if the same appearance of a crystal is repeated on 
360 ° 

rotating through an angle of-.around an imaginary axis, the 

n , 

axis is called an n -fold axis. 

In all, there are 13 axes of symmetry possessed by a cubical 
crystal like NaCl as shown in Fig. 4.22 (c), (d) and (e). 

(iv) Elements of symmetry; The total number of planes, 
axes and centre of symmetry possessed by a crystal are termed as 
elements of symmetry. A cubic crystal possesses a total of 23 
elements of symmetry. 

Planes of symmetry = (3 6) = 9 [Fig. 4.2,2 (a) and (b)] 

Axes of symmetry = (3 + 4 + 6) = 13 

[Fig. 4.22 (c),(d) and (e)] 

Centre of symmetry = 1 [Fig. 4.22 (f)] 

Total number of symmetry elements = 23 

4.17 SPACE LATTICE AND UNIT CELL 

All crystals arq^olyhedra consisting of regularly Treating arrays 
of atoms, molecules or ions which are the structural units. A 
crystal is a homogeneous portion of a solid substance made of 
regular pattern of structural units bonded by plaiie surfaces 
making definite angles with each other. The geometrical form 
consisting only of a regular array of points in space is called a 
lattice or space lattice or it can be defined as an array of points 
showing how molecules, atoms or ions are arranged in different 
sites, in three-dimensional space. Fig. 4.23 shows a space lattice. A 
space lattice can be subdivided into a number of small cells 
loiown as unit cells. It can be defined as the smallest repeating 
unit in space lattice which, when repeated over and over again, 
results in a crystal of the given substance or it is the smallest 
block or geometrical figure from which entire crystal can be built 
up by its translational repetition in three-dimensions. A unit cell 
of a crystal possesses all the structural properties of the given 
crystal. For example, if a crystal is a cube, the unit cell must also 
have its atoms, molecules or ions arranged so as to give a cube. 

Lattice 




Fig. 4.23 Space lattice and unit cell 
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System 

sages 

An^es 

MasHinin symmetry 
elements 

Exanqiies 

1. Cubic 

a = 5 =c, a = P =Y =-90° 

All the three etjual 

All right angles 

Nine prfancs, 
thirteen axes 

NaCl, KCl, ZnS, diamond,- 
alums 

2. Orthorhoinbic 

a5‘i?5c,a = P = y = 90“ 

All unequal 

All right angles 

Three planes, 
three axes 

KNOj, BaS 04 J!; 2 SO 4 , rhombic 
sulphur. ■ 

3. Tetragonal 

c, a = p= Y = 90° 

Two equal 

All right angles 

Five planes, 
five axes 

TiO^, PbWO4,Sn02. NH^Br 

4. , Monoclinic 

... . a* h* c, a = y = 90°, P * 90° 

All unequal 

Two right angles 

Om plane, 
one axis 

Monoclhiic sulphur. KClOj, 
CaSO4-2H-,0, 

Na,B 40 r lOHjO 

5. Triclinic 

a^b*c, *90° 

All unequal 

None right angles 

No planes, 
no axis 

CuS04-5H20,H3B0,, 

K2Cr207 *" 

6. Hexagonal 

a = b#c,a=p = 90°,Y = 120° 

Two equal 

Angle between equal 
edges = 120° 

Seven planes, 
seven axes 

ZnO, CdS, HgS, SiC, Agl 

7. Rhombohedral 

a = a~^ = y * 90° 

All three equal 

All equal but none 
90° 

Seven planes, 
seven axes 

NaNOj, ICl, quartz (CaCO,) 


Each unit cell has three vectors a, h and c.as shown in Fig. 4.23. 
The distances a, b and c are the lengths of the edges of the unit 
cedi and angles a ,3 and y are the angles between three imaginary 
&\s%0,X,0Y and OZ, respectively. 

For example: For a crystal system, a^b = c and 
a p - Y ;*'90“ 

(a)-tetragonal (b) hexagonal 

(c) rbombohedral (d) monoclinic 


c 

b 




c 

tib 





• 

7 

• 

c 

• 

• 


b 


A 


7 


Simple or primifive Body-centred Face-oetWed 
(a) Cubic space lattices 


[Ans. (c)] 


1- 

7 


7 


[Hint; From the table a = b = c fdr rbombohedral and cubic * 






system both but a = P = y '90° for rhombohedral only.] 


C 




^ • 

4.18 CRYSTAL SYSTEMS 


-f b 




b 


7 




On the basis of geometrical considerations, theoretically there 
can be 32 different cotobkiations of elements of symmetry of a 
crystal. These are called 32 systems. Some of the systems have, 
been grouped together. In all, seven types of basic or primitive 
unit cells have been recognised among crystals. These are cubic, 
orthorhombic, tetragonal, monoclinic, triclinic, hexagonal and 
rbombohedral. The^' are shown in Fig. 4.24 and their 
characteristics are summarised in the following table. 

All crystals do not have simple lattices. Some are more 
complex. Bravais pointed out that there can be 14 different ways 
in which similar points can be arranged in a three-dimensional 
space. Thus, the total number of space lattices belonging to all the 
seven crystal systems are 14. 

The crystals belonging to cubic system have three kinds of 
Bravais lattices. These are: 

(i) Simple cubic lattice: There are points only at the comers 
of each unit. 

(u) Face-centred cubic lattice: There are points at the comers 
as well as at the centre of each of the six faces of the cube. 



C 

• 


6 

if ^ 

1 

/ 

'Y 


J 

• 

7 

• 

c • 

• 

ft 

[f ft 


i 

■'Y* , 

} 


Simple or 
primitive 


Body-cjentred . End-centred Face-centred 
(b) Orthorhombic space lattices 


A 

». 

7 


G 

.Ab 

p 

—1 


vs 

7 




71 





C 

1 , it* 

ii 



7 

• , 

7 

p 

C 


d 

'7 

7 


Simple Body-centred Simple End-centred 

(c) Tetragonal and monoclinic space lattices 


Sri 



J & 





Triclinic Hexagonal Rbombohedral 

(d) Triclinic, hexagonal and rbombohedral space lattices 

Fig. 4.24 Bravais lattices 
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(iii) Body-centred cubic lattice: There are points at the xd 

comers as weir as in the body-centre of each cube. Number of mol per unit cell =; 

The number of Bravais space lattices in a given system is where, M = molar mass 
listed in the following table and shown in Fig. 4,24. __ Number of molecules per unit cell .= Number of mole 


Crystal 

system 

Nfk9f 
. spactf 
lattices 

Latticetype : 

1. Cubic 

3 

Simple, face-centred and body-centred. 

2. Orthortiombic 

4 

Rectangular and body-centred rectan¬ 
gular prism; rhombic aiiti body-centred 
rhombic prism. 

3. Tetragonal 

2' 

Sitnpie and body-centred tetragonal 
prism. 

4. Monoclinic 

2 

Monoclinic parallelepiped, monoclinic 
face-centred parallelopiped. 

5. Triclinic 

1 

Triclinic parallelopiped. 

6. Hexagonal 

1 

Hexagonal prism. 

7. Rhombohedral 

1 

Rhombohedron. 


In various unit cells, there are three kinds of lattice points: 
points located at the comers, points in the face-centres and points 
that lie entirely within the unit cell. In a crystal, atoms located at 
die comer and face-centre of a unit cell are shared by other cells 
and only a portion of such an atom actually lies within a given 
unit cell. 

(i) A point that lies at the comer of a unit cell is shared among 
eight unit cells and, therefore, only one-eighth of each such point 
lies within the given unit cell. 

(ii) A point along an edge is shared by four unit cells and only 
one-fOurth of it lies within any one cell. 

(iii) A face-centred point is shared by two unit cells and only 
one half of it is present in a given unit cell. 

(iv) A body-centred point lies entirely wkhin the unit cell and' . 

contributes one complete point to the cell._ 


lyp* of lattice point 

Contribution to one unit ceU 

Comer 

1/8 

Edge 

1/4 

Face-centre 

1/2 

Body-centre 

1 


Total number of constituent units per unit cell 


= - X occupied comers + - x occupied edge-centres 
8 4 

+ i X occupied face-centres + occupied body-centre. 

Determination of Number of Constituent units per unit cell: 
Let edge length of cube = a cm 
Density of substance - dg cm"^ 

Volume of unit cell = cm^ 

Mass of unit cell = volume x density = (a^ xd )g 


X Avogadro’s number 

xri xdxN 

Z = E-^xN = - - 

M M 

Calculation of number of constituent units in 
hexagonal unit cell 

(i) Constituent unit.s at each comer of urtiCcell is eommon. 

among six unit cells hence contribute I/6th to each unit cell. 

(ii) Constituent unit at edge is common to three unit cells 
hence contribute l/3rd to each unit cell. 

(iii) Constituent units present at the body centre is considered 
in single unit cell. 

(iv) Constituent unit at face centre is common between two 
unit cells hence contribute 1/2 to each unit cell. 



Fig. 4.25 Hexagonal unit cell 

In the hexagonal unit cell (Fig 4.25), 12 comers, 2 face centres 
and 3 constituent units within the unit cells sn-e occupied, hence 
effective number of constituent units .present in the unit cell may 
be calculated as 

_ 2 ^occupied occupied ^ Central 

6 comers 2 face clutres constituent units 

= lxl2+-x2+3 

. 6 2 

= 6 

4.19 DESIGNATION OF PLANES IN 
CRYSTALS—MILLER INDICES 

Planes in crystals are described by a set of integers {h, k and I) 
known as Miller indices. Miller indices of a plane are the 
reciprocals of the fractional intercepts of that plane on the various 
crystallographic axes. For calculating Miller indices, a reference 
plane, known as parametral plane, is selected having intercepts 
a,band c along x, yand z-axes, respectively (Fig. 4.26). Then, 
the intercepts of the unknown plane are given with respect to 
a, b and c of the parametral plane. 
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z 



Fig. 4.26 Parametral (intercepts a, b, caiong x, yand z<exes) 
Thus, the Miller indices are: 


intercept of the plane along x- axis 



intercept of the plane along y- axis 


intercept of the plane along z - axis 

Consider the shaded plane ABD in Fig. 4.26. The intercepts of 
the shaded plane along A",}" and Z-axes are a/2, b and c/l, 
respectively. Thus, 



dl 


The plane is, therefore, designed aj (212) plane. 

Note: (i) If a plane is parallel to an axis, its intercept with that axis is 
taken as infinite and the Miller indices will be zero. 

(ii) While defining Miller indices for orthogonal crystal, X, Y and 
Z-axes are considered crystallographic axes. 

Some of the important planes of cubic crystals are shown in 
•Fig. 4.27. 



Fig. 4.27 Miller indices of pianes in cubic iattice 


/ 


In (a) intercepts are 1 oo oo 

So, Miller indices are 10 0 

The plane is designated (100) 

In (b) intercepts are 1 1 <» 

So, Miller indices are 1 1 0 

The plane is designated (110) 

In (c) intercepts are 111 

So,-Miller indices are 1 1 1 

The plane is designated (111) 

The distances between the parallel planes in crystals are 
designated as . For different cubic lattices these iaterplanar 
spacings are given by the general formula. 


^(hltl) - ■ 


+7' 


where, a is the length of the cube side while h, k and / are the 
Miller indices of the plane. 

The spacings of the three planes (100), (110) and (111) of 
simple cubic lattice can be calculated. 

j _ " _ 

“(100) - I ■ - “ 

J\^+0+0 


^(110) “ ■ 


/PTFTo V2 


<^(111) -■ 


1^+1^ + 12 


The ratio is, 

<^(100) • <^(110) ■‘^(111) - ^ ' ^ 1 • 0.707 : 0.577 

Similarly, ratios for face-centred cubic and body-centred 
cubic can be calculated. For face-centred cubic, 

‘^(100) •‘^(110) •‘^(111) ~ 

For body-centred cubic, 

‘^< 100 ) •‘^( 110 ) •‘^( 111)-2 


■l:V2:-)= 

V3 


= 1 : 1.414:0.577 


4^0 CRYSTALLOGRAPHY AND X-RAY 
DIFFRACTION 

Crystallography is the branch of science which deals with the 
geometry, properties and structure of crystals and crystalline 
substances. Geometric crystallography is concerned with the 
external spatial arrangement of crystal planes and geometric 
shapes of crystals. 
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Atoms, molecules or ions are too small to be seen with naked 
eye. The arrangement of particles in crystalline solids is 
determined indirectly by X-ray diffraction. In 1912, Von Lane 
showed that any crystal could serve as a three-dimensional 
grating to the incident electromagnetic radiation with wavelength 
approximately equal to the intemuclear separations 10”* cm) 
of atoms in the crystal. Such radiation is in the X-ray region of 
the electromagnetic spectrum. 

The apparatus used is shown in Fig. 4.28. A monochromatic 
X-ray beam is directed towards the surface of a slowly rotated 
crystal so as to vary the angle of incidence 6. At various angles, 
strong beams of deflected X-rays strike the photographic plate. 
The photographic plate after developing shows a central spot due 
to primary beam and a set of symmetrically disposed spots due to 
deflected X-rays. Different kinds of crystals produce different 
arrangements of spots. 



Fig. 4.28 , X-ray diffraction of crystals 

In 1913, Bragg found that Laue photographs are more easily 
interpreted by treating the crystals as a reflection grating rather 
than a dif&action grating. Fig. 4.29 illustrates the way by which 
the crystal spacings can be determined by use of X-rays of a 
single wavelength, X. The rays strike the parallel planes of the 
crystal at angle 0. Some of the rays are reflected from the upper 
plane, some from the second and some from the lower planes. A 
strong reflected beam will result only if all the reflected rays are 
in phase. The waves reflected by different layer planes will be in 
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phase with one another only if the difference in the path length of 
the waves reflected from the successive planes is equal to an 
integral number of . wavelengths. OL and OM are the 
perpendiculars drawn to the incident and reflected beams. The 
difference in path lengths of waves deflected from the first two 
planes is given by: 

LN-¥NM = nX (n = 1,2,3,...) 

Since, the triangles OLN and OMN are congruent, hence 
LN = NM. 

So, Path difference = ILN 

as LN = d sin 0 where, d is the distance between two planes. 

So, Path difference = 2J sin 0 

When two reflected waves reinforce each other (maximum 
reflection), the path difference should be = «X (Where, 
« = 1,2,3,...). 

So, for maximum reflection, 

nk = 2d sin 0 

This relation is called Bragg’s equation. Distance between two 
successive planes d can be calculated from this equation. With 
X-rays of definite wavelength, reflections at various angles will 
be observed for a given set of planes separated by a distance d. 
These reflections correspond to « = 1,2,3 and so on and are 
spoken of as first order, second order, third order and so on. With 
each successive order, the angle 0 increases and the intensity of 
the reflected beam weakens. 

The values of 0 for the first order reflection from the three 
faces of sodium chloride crystal were found to be 
5.9°, 8.4° and 5.2° respectively. As n and a are same in each 
case, the distance d between successive planes in three faces will 
be in the ratio of 

-!—;- 1 —:- 1 — = 9.61 : 6.84: 11.04 

sin 5.9° sin 8.4° sin 5.2° 

= 1:0.70:1.14 

= 1-1-^ 

. s s 

This ratio corresponds to spacings along the three planes of a 
face-centred cubic structure. Thus, the NaCl crystal has 
face-centred cubife structure. 

Example 63.. X-rays of wavelength 1.54 A^trike a crystal 
and are observed to be deeded at an angle <^22,5°. Assuming 
that n = l, calculate the spacing between the planes of atoms that 
are responsible for this reflection. 

Solution: Applying Bragg’s equation, 
nX = 2d sin 0 

Given, n = 1, X = 1.54 A, 6 = 22.5°. 

Using relation «X = Trf sin 0, 

^ = =_L^ = 2.01A 

2sin22.5° 2x0.383 

■ Example64. Theftrstorder reflection of a beam of X-rays 
of^wavelength 1.54 A from the (100)_^ce ofa crystal of the simple 
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cubic type occurs at an angle o/11.29°. Calculate the length of 
the unit cell. 

Solu^n: Applying Bragg’s equation, 

2cf sin 0 = nX 

Given,0 = 11.29°, « = 1, X = 1.54 A = 1.54 X 10“* cm 


1.54x10"^® 1.54x10"* 


dhlrt — 


2 X sin 11.29° 2x0.1957 

a 


: 3.93x10"* cm 




• = a 


a = 3.93 X 10”* cm = length of the unit cell 

Example 65. fVhen an electron in an excited state of Mo 
atom falls from L to K-shell, an X-ray is emitted. These X-rays are 
diffracted at angle ofl.lS° by planes with a separation ofl.bA A. 
What is the difference in energy between K-shell and L-shell in 
Mo, assuming a first order diffraction (sin 7.75° = 0.1349).^ 
Solution; According to Bragg’s equation: 

nk = 2d sin 0 

1X X = 2 X 2,64 sin 7.75° = 2 X 2.64 x 0.1349 
X = 0.712 A 

Energy difference between K and i-shell of Mo 


he 6.626x 10”*''X 3x10* 


X 


0.712x10' 


-10 


: 2.791x10 


-15 




4.21 ANALYSIS OF CUBIC SYSTEMS 

The following characteristics are reflected by cubic systems 
when analysed mathematically: 

(i) Atomic Radius 

. It is defined as half the distance between nearest neighbouring 
atoms in a crystal. It is expressed in terms of length of the edge 
‘a’ of the unit cell of the crystal. 

(a) Simple cubic unit cell ; In a 
simple cubic unit cell, atoms at the 
comers touch each other along the edge. 

Distance between the nearest 
neighbours, 

d = AB ~ a = 2r 
(where r = radius of the atom) 
or Atomic radius, 

_ a 

r--. 

(b) Body-centred cubic unit 
Cell : The distance between the 
two nearest neighbours is repres¬ 
ented by length AE or ED, i.e., 
half of the body diagonal, AD. 

AD 
2 

In A ABC, 


Fig. 4.30 

Simple cubic unit cell 


:0.5 a 


d = AE = ED ■■ 





£ 

a F 

pd 


- i 



• D 


Fig. 4.31 

Body-centred cubic unit cell 


AC^ =AB^+BC^=a^+a^=2a^ 
or AC = -jla 

Now, in A ADC, 

AD^=AC^+CD^ 

= (V^)^+a* = 3a^ 

or AD = ^^3a 

a ^ — a 

2 

d = 2r= — a 
2 

or Atomic radius, r = — a 
4 

(c) Face-centred cubic unit cell 

: The distance between the two 
nearest neighbours is represented 
by length A B or BC, i. e. , half of the 
face diagonal, AC. 

AC 
2 

In AACD, AC^ = CD^ -t AD^ 


d = AB = BC- 





La 

W" 

i 


C 

1 

1 4 1 


r 



Fig. 4.32 

Face-centred cubic unit 
cell 


or 


= a +a = 2a 
AC = 42a 
AC 42 

d =-= —a = --=a 

2 2 42 

1 


1 


d = 2r = -j=a 

42 


1 


or Atomic radius, r = — a 

242. 

(u) No. of Atoms Per Unit Cell 

Different types of cubic unit cells are given in following figure: 




1/8 atom 


1/8 atom 
Simple cubic 
(a) 


1 atom 


1/2 atom 


Body centred cubic Face centred cubic 


(b) 


(c) 


Fig. 4.33 (a) Simple or primitive cubic lattice; 

(b) Body-centred cubic lattice; (c) Face-centred cubic lattice 
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(a) Simple cubic structure* Since, each comer atom is 

shared by eight surrounding cubes, therefore, it contributes for - 

8 

of an atom. 

Thus, for simple cube = 8 x - = 1 atom per unit cell 

8 

(b) Face-centred cubic structure: Since, the structure 
possesses 8 comer atoms and six at the centre of each face, the 
contribution will be 

= 8x- + 6x- (Face atom is shared by two cubes) 

8 2 


= 1 + 3 = 4 atoms per unit cell 

(c) Body-centred cubic structure: Since, the stmcture 
possesses 8 comer atoms and one body-centre, the contribution 

will be = 8x-+l=2 atoms per unit cell. 

8 


(iii) Coordination Number 

It is defmed''as the number of nearest neighbours that an atom 
has in a unit cell. It dfep^ids'lipon stmcture. 

(a) Simple cubic structure: Coordination number = 6 


(b) Face-centred cubic structure: Coordination number = 12 

(c) Body-centred^:ubic structure: Coordination number = 8 


(iv) Density of Lattice Matter 

Knowing the unit cell dimensions, the theoretical density of a 
crystal can be calculated as: 


Density of the unit cell = 


Mass of unit cell 
Volume of the unit cell 


Mass of the unit cell = number of atoms in the unit 

cell X mass of each atom 
Atomic mass M 


Mass of each atom = - 


Avogadro’s number N 


0 


So, density of a unit cell = 


ZxM nx M 


AnXa^ 


(For a cube) 


'0 J*o 

where, Z is the number of atoms in a unit cell and V is the volume 
of unit cell. 

For a cube V = where, a is the edge length of the cubic unit 


cell. 

(y^ Packing Fraction or Density of Packing 

It is defined as the ratio of volumes occupied by atoms in unit 
cell to the total volume of the unit cell. 

„ . . - Volume occupied by atoms in unit cell v 

Packing fraction =-= — 

Total volume of the unit cell V 


(a) Simple cubic structure: Let a be the cube edge and r 
the atomic radius. 


V = volume of the unit cell = a 
Since, one atom is present in a unit cell, its 

Volume, v = — nP 
3 


= -7l - = 


Tia 


(/■=«/2) 


r • 'V na^l6 n „ 

Packing fraction = — =-= — = 0.52 

V 6 

i. e., 52% of the unit cell is occupied by atoms and 48% is empty. 

(b) Face-centred cubic strii^ture: Since, four atoms are 

present in a unit cell, their volume is 

. (4 3 

v = 4x\-nr 



Putting the value of r = 


2 V 2 ’ 


16 

V = — Tt 

3 


a _ ^ 3 

2 V 2 J 


Volume of unit cell, V = a^ 

Packing fraction = ^ = 0.74 

3-j2a^ 3 V 2 


i. e ., 74% of unit cell is occupied by atoms and 26% is empty. 

(c) Body-centred cubic structure: Since, two atoms are 
present in a unit cell, their volume is 


V 3 4 

Putting the value ofr = ~a, ‘v’ = 2x-nx 

-Jin 


s 


a 

v4 . 


Volume of unit cell, V = 


Packing fraction = 


-Jin -J1 


8a" 


= l^n = 0.68 
8 


i. e ,68% of the unit cell is occupied by atoms and 32% is empty. 

Characteristics of cubic unit cells are summerised in following 
tables: 



Simple 

Body- 

ceatered 

Face- 

centered 

Volume, conventional cell 

a' 

a' 

a" 

Lattice points per cell 

1 

2 

4 

Volume, primitive cell 

a' 

2 

la" 

4 

Lattice points per unit volume 

Ma^ 

4 

2/a" 

4/a" 

Number of nearest neighbors 

6 

8 

12 

Nearest-neighbor distance 

a 

3‘'"a/2 
= 0.866a 

a/2''" 

= 0.707a 

Number of second neighbors 

12 

6 

6 

Second neighbor distance 

1 a 

a 

a 

Packing fraction 

1 

-n 

Jn41 

Jn42 


6 

= 0.524 

6 

= 0.680 

6 

= 0.740 
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Hexagonal Unit Cell 

Let us consider hexagonal unit cell of height "h'\ its 
constituent units are spherical having radius V’. 

, a = 2r , 
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Volume of unit cell = = (4.24 x 10"* cm^ 

ZxM 2x23 


So, Density = 



h = 4 r 


N^y-V (6.023x 10“ )(4.24x 10”* f 
= 1.002 gcm"^ 

. ^ Example 68. The density of KCl is 1.9893 g cnf^ and the 
length of a side of unit cell is 6.29082 A_ as determined by X-ray 
diffraction. Calculate the value of Avogadro s number. 

Solution: KCl has face-centred cubic structure, 

Z = 4 


i.e.. 


Avogadro’s number = 


ZxM 


Fig. 4.34 Hexagonal unit cell 

Number of constituent units in the hexagonal unit cell = d 

4 3 

Thus, occupied volume in the unit cell = 6x — nr 

Volume of unit cell = Area of base x height 

= 6x Area of equilateral triangle x height 

.V3 


dxV 

Given that, d = 1.9893; M = 74.5; V = (6.29082 x 10”* f cm^ 

4 X 74.5 


Avogadro’s number = 


-8 ^3 


= 6x- 


-a^xArJl 


■* A' 


= 6x —(2r)^x4r, 
4 


I 


(Height of the unit cell can be calculated geometrically) 

Percentage occupied space = volume ^ 

volume of unit cell 

X100 =74.06% 


1.9893 X (6.29082x10”’ f 
6.017x10“ 

3 ig'-: Example 69. Silver crystallises in a face-centred cubic 
unit cell. The density of Ag is 105g cm~^. Calculate the edge 
length of the unit cell. 

Solution: For face-centred cubic unit, Z = 4. 

ZxM 


We know that, V 


NoXd 


,43 

6x-nr 

3 


4x 108 


(6.023xl0“)xl0.5 
= 68.3x10"“ 

Let a be the edge length of the unit cell. 

So, y = a^ 

or =68.3x10”“ 

a = (68.3xl0”“)'“cm 
= 4.09x10”* cm 
= 409 pm 

Example 70. An element occurs in bcc structure with a 
cell edge of 288 pm. The density of metal is 7.2 g c/n”*. How 
many atoms does 208g of the element contain? 

Solution: Volume of the unit cell = (288 x 10”'® )* 

= 23.9x10"“ cm* 

Volume of 208 g of the element =-= 28.88 cm* 

. 7.2 


6.83x10 


-23 


-S 


(2rrx4rA^ 


: :i;sUlllsoMES oLyEDj)^ piis\ts;rr: 

: . A compound formed by elements A and B 

crystallises in cubic structure where A atoms are at the comers of 
a cube and B atoms are at the face-centre. What is the formula of 
the compound ? 

Solution: An atom at the comer of the cube contributes to 

the unit cell. Hence, number of atoim of A in the unit cell 
= 8x^ = 1. 

All atom at the face of the cube contributes y l^e unit cell. 
Hence, number of atoms of B in the unit cell = 6 x )^ = 3. 

Thus, the formula is AB^. 

f Example 67. At room temperature, sodium crystallises in 
body-centred cubic lattice with a = 4.24 A. Calculate the 
theoretical density of sodium (At. mass of Na = 23.0). 

Solution: A body-centred cubic unit cell contains 8 atoms at 
the 8 comers and 1 in the centre. 

Hence,. 

Total number of atoms in a unit cell = 8 x - + 1 = 2 

8 


Number of unit cells in 28.88 cm* 


28.88 


23.9x10 


-24 


= 12.08x10“ unit cells 
Each bcc stracture contains 2 atoms. 
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So, Total atoms in 12.08 x 10 


,23 


unit cells 
-2x12.08x10 
= 24.16x10-^ 


,23 


Example 71. Lithium forms body-centred cubic crystals. 
Calculate the atomic radius of lithium if the length of the side of a 
unit cell of lithium is 251 pm. 

Solution: In body-centred cubic crystals, 

s 

r = — a 
4 

• /i 

= —X 351 pm = 151.98 pm 

Example 72. Ammonium chloride crystallises .in a 
body-centred cubic lattice with a unit distance of 387 pm. 
Calculate (a) the distance between oppositely charged ions in the 
lattice and (b)the radius of the NH* ion if the radius ofCl^' ion 
is 181pm. 

Solution: (a) In a body-centred cubic lattice, oppositely 
charged ions touch each other along the cross-diagonal of the 
cube. 


So, 


or 


2r^ + 2rg = ^^3a 

s 

2 

s 


>c + fa = 


X 387= 335.15pm 


(b) Given that, 


r^ = 181pm 
r, = 335.15- 181.0= 154.15pm 

Example 73, The unit cell cube length for LiCl (NaCl 
structure) is 5.14 A. Assuming anion-anion contact, calculate the 
ionic radius for chloride ion. 

Solution: In a face-centred cubic lattice, anions touch each 
other along the face diagonal of the cube. 


4r 


cr 


^cr 


: -Jla 
42 

4 

42 


x5.14 = 1.82A- 
4 

Alternative: Distance between Li ^ and Cr ion 

= ^ = 2.57 A 
2 

Thus, distance betw'een two chloride ions 
=.^{2.5lf + (2.57)^ 


: 3.63 A 



2.57 A 


Hence, 

radius of CL 


3.63 


:1.82A 


Example 74. The density of crystalline sodium chloride is 
2.165gcm~^. What is the edge length of the unit cell. 
What would be the dimensions of cube containing one mole of 
NaCl? 

Solution: We know that. 


p = - 


N 


M 

K^AJ 


where, 


■^23 


p = density = 2.165 gcm~^ 

M = molar mass = 58.5 . 

N ^ = Avogadro’s number = 6.023 x 10" 

N = number of formula unit per unit cell 
= 4 (for fee) 

' N 


a 



_ 4 

,58.5 


2.165 

6.023x10^^ 


Molar volume = 


Edge length («) = 


= 1.794x 10'^^ 

0 = 5.64x10'^ cm 
Molar mass 58.8 


Density 
t1/3 


58.8 

2.165 


2.165 
; 3 cm 


Example 75. The density of potassium bromide crystal is 
2.75 g cm~^ and the lengthof an edge of a unit cell is 654 pm. The 
unit cell of KBr is one of three types of cubic unit cells. How many 
formula units of KBr are there in a unit cell? Does the unit cell 
have a NaCl or CsCl structure? 

Solution: We know that, 


M 

444 


N-. 


■iv 

.3 , j 

p X x 
~M 

2.75X (654x 10"'° )^ x 6.023 x IQ-^ 

119 


= 3.89 = 4 


Number of mass points per unit cell = 4 
It is NaCl type crystal, i.e., fee structure. 

Example 76. A unit cell of sodium chloride has four 
formula units: The edge length of unit cell is 0.564 nm. What is 
the density of sodium chloride? (IIT .May 1997) 

ZM 4x58.5 


Solution: p 


a^N 


(5.64 X 10“ 
= 2.16 g cm" 


'f X 6.023x10^^ 


Example 77. Chromium metal crystallises with a 
body-centred cubic lattice. The length of the unit cell edge is 
found to be 287 pm. Calculate the atomic radius. What would be. 


the density of chromium in g/cm ' 


(IIT July 1997) 
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Solution: In body-centred cubic unit cell, 
fl-Ts = 4r 

where, a = edge length,> = radius of atom 

^=^ = 2^!2il:H! = 1.8574A 

4 . 4 

Example 78. When heated above 916°C, iron changes its 
crystal structure from body-centred cubic to cubic closed packed 
structure. Assuming that the metallic radius of the atom does not 
change, calculate the ratio of density of the bcc crystal to that of 
the ccp crystal. 

Solution; In body-centred packing, the efficiency of 
packing is 67.92%. In the cubic closed packing, the packing 
efficiency is 74.02%. 

Let d^ be the density when packing efficiency is 74.02% and 
d 2 is the density when packing efficiency is 74.02%. 


In bcc unit cell, 


dj _ 67.92 
rf, 74.02' 


0.918 


ftIl/$PTOAi$ OF OBJEaiVE QUESTIONS 

30. Aa element ‘A' has face-centred cubic structure with edge 
length equal to 361 pm. The apparent radius of atom 'A' is; 
(a) 127.6 pm (b) 180.5 pm 

(c) 160.5 pm' (d)64pm 

[Ans. (a)] 

[Hint: For face-centred unit cell, ' 
af2 =4r 
361x1.414 


r = 127.6 pm] 

31. The packing fraction of the element that crystallises in simple 
cubic arrangement is: 

(d)T 




(b)T 


6 3 

[Ans. (b)] 

[Hint: In simple unit cell a = 2r 
Z = 1 

Occupied volume 


Packing fraction = - 


Total volume 
4 3 4 3 

— Jtr — nr 
J3 ' ^ 


a 


llrf 


32. How many unit c.ells are present in 39 g of potassium that 
crystallises in body-centred cubic structure? 




4 


(a).V^ : (b), 

[Ans. (c)] 

[Hint: Number of atoms = 


■(c) 0.5 {d)0.75iY^ 

l4as 


Atomic mass 
39 


■XjV, 


= —xA?.'=iV,. 
39 . - 


Z = 2 

n: 


■ a- 


X 2r 


Number of unit cells = — = 0.5 iV.] 

2 

33. Sodiiun metal exists in bcc unit cell. The distance between 
nearest sodium atoms is 0.368 nm. The edge length of the. 
unit cell is: 

(a) 0.368 nm (b) 0.184 nm 

(c) 0.575 nm (d) 0.424 nm 

[Ans. (d)] 

[Hint: In bcc unit cell, aV3 = 4r 

4ir _ 2 

= ^X 0.368 = 0.425 nm] 

If the distance between Na'^ and Cl ” ions in NaCl crystal is 
265 pm, then edge length of the unit cell will be? 

(a) 265 pm (b) 530 pm (c) 795 pm (d) 132.5 pm 
[Ans. (b)]' 

[Hint; In NaCl: 

Edge length = 2 x distance between Na'*' and Cl ' ions 
= 2x265 = 530 pm] 

The interionic distance for caesium chloride crystal will be: 

|PMT(MP)2007] 
a4i > „ 2a 


34. 


35. 


(a) a 

[Ans. (c)] 


(b)f 


(c)- 


(d) 




4.22 PACKING OF IDENTICAL SOLID 
SPHERES 


\ 


The constituent particles in the formation of crystals are either 
atoms, ions or molecules. These particles may be of various 
shapes and thus, the mode of packing of these particles will 
change according to their shapes. The simplest way will be to 
consider these particles as spheres of equal size. The packing of 
spheres is done in such a way as to use the available space in the 
most economical manner. 




Arrangement (i) . 

Fig. 4.35 Two comrhon ways of packing spheres 
of equal size 

There are two common ways in which spheres of equal size 
can be packed. This has been shown in Fig. 4.35. The 
arrangement (i) is more economical in comparison to 
arrangement (ii) as 60.4% volume is occupied in arrangement (i) 
and 52.4% volume in arrangement (ii). Arrangement (i) 
represents a close packing of spheres. 
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In arrangement (i), the spheres are packed in such a manner 
that their centres are at the comers of an equilateral triaa^e. Each 
sphere is surrounded by six other similar spheres as shoWn in Fig. 
4.36. This arrangement can be extended injhree dimensions by 
adjusting spheres on the top of hollows or voids of the 
two-dimensional layer which is called the first layer or ‘A’ layer. 
There are two types of hollows in the first layer which have been 
marked by dots (•) and cross (x). AU the hollows are equivalent. 
The spheres of the second layer may be put either on hollows 
marked by dots or by crosses. Half of the hollows remain 
unoccupied in the second layer (Fig. 4.37). The second layer is 
marked as ‘B’ layer. The spheres have been placed on the hollows 
marked by dots. 
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spheres and is abbreviated as hep or ABABAB,.. This is shown 
in Fig. 4.38. hi the second way, spheres are placed on the 
unoccupied hollows of the first layer, marked by ‘crosses’. It is 
observed that spheres of the third layer do not come over those of 
first layer. This arrangement of close packing is referred to as 
ABC. However, it is noted that spheres in the fourth layer will 
correspond with those in the first layer. .When such an 
arrangement is continued indefinitely, the system is found to 
possess cubic symmetry and called cubic close packing of 
spheres and is abbreviated as cep or ABCABC ... This is shown 
in Fig. 4.39. The system ABCABC ... shows that there is a sphere 
at the centre of each face of the unit cube and thus, this system is 
also referred to as face-centred cubic or fee. 




Rg. 4.37 Building of second leyer {B„ shown shaded) 
covering hollows marked by dots {•). The 
hollows marked by a cross (x) unoccupied 


To build up the third layer of spheres, there are two alternative 
ways. In the first way the spheres are placed on the hollows of 
second layer. It is observed that each sphere of third layer lies 
exactly above the spheres of first layer, "i^en this arrangement is 
continued indefinitely, the system obtained, is found to possess 
hexagonal symmetry and is called hexagonal close packing of 




Fig. 4.38 ABABAB ... or hexagonal close packing (hep) oi 
spheres 



(a) 





Fig. 4.39 ABC ABC A . l .or cubic close packing (cep) of 
spheres 

It is noted that in both the above systems 
hep or cep, each sphere is surrounded by 
twelve other spheres shown in Fig. 4.40. 

There is a third arrangement of packing of 
spheres which is known as body-centred.. 
cubic arrangement (bcc). This arrangement 
is obtained when the spheres in the fitst 
layer are slightly opened up, i. e. ,none of the 
spheres touches each other. In the second 
layer, the spheres are placed at the top of 
hollows in the first layer. In the third layer, 
spheres are placed exactly above the first 
layer. Each sphere in this system of packing 
is in contact with eight spheres, four in the 
lower layer and fotir in the upper layer. This 
arrangement has been shown in Fig. 4.41. 

. Most of the metals belonging to s-block 
and d-block elements possess any one of the following closg. 
packing arrangements: ^ 

(i) Cubic closed packed, (ii) Hexagonal closed packed, and 
(iii) Body-centred cubic packed. 


12 / 


11 


MO 


Fig. 4.40 
Coordination 
number in hep 
and cep structure' 


Examples; 

Metals 

Mg, Zn, Mo, V, Cd 
Cu, Ag,,Au, Ni, Pt 
Li, Na, K, Rb, Cs, Ba 


Structure 

hep 

cql or fee 
bee 
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Fig. 4.41 (A) Body-centred cubic packing of spheres 
(B) Body-centred cubic arrangement 

Interstitial sites in close packed lattices: In a close packing 
of spheres, there is always some empty space left. The empty space 
is called hole or void or interstitial site. Common interstitial sites in 
closely packed spheres are tetrahedral and octahedral. 

Tetrahedral site: When one sphere is placed upon the three 
other spheres which are touching each other, tetrahedral structure 
results. The four spheres leave a small space in between which is 
called a tetrahedral site. The site is much smaller than that of the 
spheres. However, when the spheres are bigger in size, the 
tetrahedral site becomes larger. In hep and cep, each sphere is in 
contact with three spheres above and three spheres below. Thus, 
there are two tetrahedral sites associated with each sphere. 

Octahedral site: This site is formed at the centre of six 
spheres, the centres of which lie at the apices of a regular 
octahedron. Each octahedral site is created by superimposing two 
equilateral triangles with apices in opposite direction, drawn by 
joining centres of three spheres in one plane and three spheres in 
other plane. There is an octahedral site for each sphere. Thus, 
octahedral sites are half of tetrahedral sites. Tetrahedral and 
octahedral voids are represented in Fig. 4.42 and 4.43. 



Fig. 4.42 Tetrahedral voids 



Fig. 4.43 Octahedral voids 


Location of Octahedral and Tetrahedral Voids in Cubic 
Close Packing 

Octahedral voids ; In the Fig. 4.44 a unit cell of cep or fee 
lattice is drawn. Comers and face-centres are the packing sites. In 
the face-centred cubic unit cell; octahedral voids are located at 
the body-centre and all the edge centres of cube. 

11 

Number of constituent units at packing sites = 8x- + 6x- = 4 

8 2 

Number of octahedral voids (one at body-centre and twelve at 

edge-centres) = l+-x 12= 4 f 

4 


.-. Number of octahedral voids is equal to the number of 
constituent units at packing sites. Each octahedral void is 
surrounded by six constituent units. 


I 

I 

SI 

bbAs 

Hi 

!8WS 

ll 


BSSP 

m 

sitaai 

■ 


Fig. 4.44 


O— Packing sites 
•—Octahedral voids 


Tetrahedral voids : In cubic close packing, there are eight 
tetrahedral voids in each unit cell. Tetrahedral voids are located 
on body diagonajs. Two tetrahedral voids are located on each 
body diagonal; these are represented in the Fig. 4,45. 



Number of constituent units at packing sites (comers and 

face-centres) = 8 X- +6 X- = 4 
8 2 . 

Number of tetrahedral voids = 8 

Thus, number of tetrahedral voids is twice the number of 
constituent units present at packing sites. 

In a multilayered closest-packed stracture, there is a 
tetrahedral void above and below each atom, hence there are 
twice as many tetrahedral voids as those of closest-packed 
constituent units. 

Tetrahedral and octahedral voids can be located as 

-Second closest packed layer 

-—"-Tetrahedral voids 

—--Octahedral voids 

--Tetrahedral voids 

-—-^— First closest packed layer 


(Ltl/5IE/IW or OB]EcriVE questions 


36. In a compound, atoms of element Y form-cep lattice and those 

of element ^ occupy 2/3rd tetrahedral voids. The formula of 
the compound will be ; (.MITT 2!!08) 

( 3)^374 {b)X4y3 (c)2r273 id)X2Y 

[Ans. (b)] 

[Hint: Let number of atoms of Y used in packing = n 
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37. 


38. 


Number of tetrahedral voids = ln 

2 4 

Number of atoms ofX=—x2n~—n 

3 3 

Y:X = n:-n =3:4 
3 


Formula of compound = X 4 F 3 ] 


A solid compound contains X, Y and Z atoms in a cubic lattice 
with X atoms occupying the comers, Y atoms in the body 
centred positions and Z atoms at the centre of the faces of the 
unit cell. What is the empirical formula of the compound ? 
(a) Xy^Zj (b) XYZ^ (c) X^Y^Z^ (d) 

(e)xyz 

[Ans. (b)] 


[Hint: Number of atoms ofXin a unit cell = - x 8 = 


Number of atoms of F in a unit cell = I 

Number of atoms of Z in a unit cell = — x 6 = 3 

2 


Empirical formula of the compound = XYZ^] 

In a crystalline solid, atoms of X form fee packing and the 
atoms of Y occupy all octahedral voids. If all the atoms along 
one body diagonal are removed then the simplest formula of 
the crystalline solid will be : 

(a)xy (b)X 4 F 3 (c)X 5 F 4 (d)X 4 Fj 

[Ans.(c)] 

[Hint: Number of atoms ofXin fee packing (at comers and face 

centres of cubic unit cell) = 8xi+6x- = 4 

8 2 

Number of atoms of F at octahedral voids = 4 
Along one body diagonal there are two Xatoms and one Fatom. 
Number of effective atoms of X after removal 
. 1 15 

8 4 

Number of effective atoms of F after removal = 4-1 =3 

X • F = — • 3 
4 ■ 

= 5:4 

Simplest formula = X 5 I 4 ] 


4.23 TYPES OF CRYSTALS 

Crystals are classified into four main types depending upon the 
nature of forces that hold the constituent particles together in the 
crystal lattice. 

1. Ionic crystals: The forces operating in ionic crystals are 
electrostatic. The lattice points in such ciystals are occupied by 
positively and negatively charged ions. Each ion is surrounded by 
the largest possible number of oppositely charged, ions. This 
number of oppositely charged ions surrounding each ion is 
termed its coordination number. The coordination numbers of 
positive or negative ions may be same or different. For example, 
in sodium chloride, each Na^ ion is surrounded by six Cl" ions 
and each Cr ion is surrounded by six Na"^ ions. Thus, both the 


ions have coordination number six. In CsCl, each Cs'*' ion is 
surrounded by eight Cr ions and vice-versa. Thus, both the ions 
have coordination number eight. In the case of CaF 2 , the 
coordination number of Ca^"*^ is eight while that of F ” ion, is 
four. 

The coordination numbers commonly encountered in ionic 
crystals are 8 (body-centred cubic arrangement), 6 (octahedral 
arrangement) and 4 (tetrahedral arrangement). . 

It is impossible for both anions and cations to have closed 
packed structures but if one of the ions is much bigger than the 
other, it is common for the bigger ions alone to approach a cteed 
packed structure and smaller ions to fit into holes in this structure. 

In ionic crystals, the coordination numbers as well as the 
geometrical shapes of the crystals depend mainly on the relative 
sizes of the ions. The ratio of the radii of the positive and negative 
ions is called radius ratio. 

Radius of positive ion (cation) . r + 

Radius ratio =---- = 

Radius of negative ion (anion) r _ 


Common coordination numbers are 3,4 ,6 and 8 . 

The following table shows the radius ratio values, permitted 
coordination numbers and the shapes of ionic crystals; 


Radius ratio 
(r:irD 

Permitted 

coordination 

number 

Arrangement of 
anions round the 
cations 

Example 

0.155-0.225. 

3 

Plane Triangular 

BjOj 

0.225- 0.414 

4 

Tetrahedral 

ZnS 

0.414- 0.732 

6 

Octahedral 

NaCI 

0.732-1.000 

8 

Cubic (body-centred) 

CsCI 


Types of Structure of Ionic Solio 

Crystal structure of ionic solids are described into following 
types: 


,- 1 

Crystal structure 

(Type) 

Example 

1. Rock salt 

NaCl, LiCl, KBr, Rbl, AgCl, AgBr, FeU, caw 

2. Cesium chloride 

CsCl, CaS, CsCN 

3. Fluorite 

CaF 2 ,U 02 ,BaCi 2 ,HgF 2 

4. Antifluorite 

K 2 O, KjS, LijO, NajO, NajS 

5. Nickel Arsenite 

NiAS, NiS, FeS, CoS 

6 . Rutile 

Ti 02 , Mn 02 , Sn 02 

7‘ Perovskite 

CaTiOj, BaTi 03 , SrTi 03 

8 . Zinc blende' 

ZnS, CuCl, CdS, HgS 

(sphalerite) 


9. Wurtzite 

ZnS, ZnO, BeO, MnS, Agl 


Packing of ions in ionic crystal (Formation of NaC! 
crystal): The formation of NaCl crystal can be explained in the 
following manner. The two ions form one ion-pair of opposite 
charges by the electrostatic force of attraction. Each of the ions 
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each ion is surrounded by four Zn ions. This structure is 
similar to diamond. 



Fig. 4.50 Zinc biende 
4r =-Jia 

Packing fraction (<j)): 

. % X . 

7t 

3yf2 


. 4 (r^+P) 
= 4x-7t-i-!—- 




+ 1 


(ii) Wurtzite structure: It has hexagonal close-packed 
(hep) stmeture. S^“ ions adopt hep arrangement and Zn^^ ions 
occupy half of the tetrahedral sites. 

The above structures are termed 4 : 4 arrangement possessed 
by ZnO, Agl, SiC, etc. 

CaFj crystal: The Ca^^ ions are arranged in cCp 
arrangement, i. e., Ca^^ ions are present at all comers and at the 
centre of each face of the cube. The fluoride ions occupy all the 
tetrahedral sites. This is 8 : 4 arrangement, /. e ., each Ca^^ ion is 
surrounded by 8 F ” ions and each F “ ion by four Ca ions. 



Fig. 4.51 Fluorite Structure-Structure of calcium fiuoride 

Structure of Sodium Oxide (1^320)-—Antifluorite 
Structure " 

Sodium oxide has antifluorite stmeture. The stmeture is 
siihilar to the stmeture of calcium fluoride with the difference 
that the anions occupy the positions of cations and vice-versa. 

(j) It has cubic close packing arrangement of ions, i.e.,. 
these ions are present at the comers and at the centres of all the 
six faces of the imit. Sodium ions on the other hand, are present at - 
the sites of all the tetrahedral voids. 
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(ii) Each Na ^ ion is surromided by four 0““ ions and each 
0^“ ion is surroimded by eight Na^ ions. ThuSi Na 20has 4:8 
coordination stmeture. 

Other examples with antiflubrite stmetures are : 

CUO, Na2S, KjO, Li2S, K2S,etc. 

Structures of Oxides of Iron 

Iron is known to form three major oxides, which are FeO, 
Fe 203 , Fe 304 . These oxides are interconvertible due to 
oxidation and reduetion. Non-metal excess non-stoiehiometry is 
also known in these oxihes. Crystal stmetures of these oxides are 
very interesting. 

1. Structure of FeO : This oxide has a stmeture like rock salt 
(NaCl). Oxide ions (0^“) form a face-centred cubic close 
packing and Fe^^ ions occupy all octahedral voids. It is a perfect 
rock salt type stmeture with formula FeO! This oxide is known to 
form non-metal excess non-stoichiometric compoimd with the 
con^osition FeogjO (Wustite). In the non-stoichiometric 
compound some of the Fe^^ ions present in octahedral voids are 
replaced by Fe^^ ions. Three Fe^^ ions will be traced by two 
Fe^^ ions to maintain electrical neutrality. 

[Normal Spinel Structure.: Spinel is the con^on name of. 
the mineral, MgAl 204 . The crystal stmeture of this mineral is 
also called spinel stmeture. In this type of stmeture, both 
tetrahedral and octahedral voids are simultaneously occupied. 
General formula of the compound having spinel stmeture is 
4 IB 2 O 4 where ‘ A’ stands for a divalent cation md ‘ B’ stands for a 
trivalent cation! It has a cubic close packed arrangernent of oxide, 
ions. Half of the octahedral voids are occupied by trivalent 
cations and one-eighth of the tetrahedral voids are occupied by 
divalent cations. 

Ferrites are the spinel type compounds having the general 
formula ^Fe 204 where A stands for divalent cation such as 
Zn,^^. Ferrites are used for making powerful, permanent'and 
non-rusting magnets. Ferrites are used in telephones and memory 
units of computers.] 

2. Structure ofTe 304 : Magnetite, Fe 304 , is considered as a 
mixed oxide. . It contains mixture of FeO and Fe 203 . It has an 
inverse spinel sthicture. Oxide ions (0^“ ) from fece-centred 
cubic arrangemrat. Dipositive ions (Fe^^) are present in 
octahedral voids and tripositive ions (Fe^^) are equally 
distributed among tetrahedral and octdiedral voids. 

Number, of O^'ions in the umt cell =4 

Thus, Number of tetrahedral voids =8 

and Number of petahedralyVoids =4 

Number-of Fe^^ ions present in octahedral void = 1 
. Number of Fe^^ ions present in tetrahedral void = 1 
Numb^ofFe^^ ions preset in octahedral void =1 

Thus, half Ofrhe octahedral voids are occupied by Fe^^ and 
Fe^^ ions and ohe-eighth of the tefrEdiedral voids are occupied by 
Fe^- ions. : . 
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3. Structure of FcjO, : If all the ions are replaced by 
Fe^* ions, then as every three Fe^* ions can be replaced by two 
Fe^”^ ions.to maintain electrical neutrality, the ratio between Fe 
and O will now be 2 ; 3, i.e., we get Fe 203 . 

Properties of Ionic Crystals 

(i) Physical state: Ionic crystals are crystalline solids at 
room temperature. They are never liquids or gases under ordinary 
temperature and pressxire as the ions do not have freedom of 
movement. 

Since, high energy is required to separate caHons and anions 
from one another from their alloted positions on account of very 
strong electrostatic forces of attraction, the ionic crystals are 
quite hard, have low volatility and have high melting and 
boiling points. 

(ii) Electrical conductivity: Ionic crystals are insulators, 
i. e., do not conduct electricity in solid state. The reason is that 
ions are held, firmly in fixed positions in the crystal lattice and 
cannot move when electric field is applied. However, when 
melted they become good conductors of electricity, i. e., ions 
are free to move in liquid medium. 

(iii) Solubility: Ionic crystals are soluble iii polar solvents 

or. solvents having high values of dielectric constant. They are 
insoluble in non-polar solvents. When they di 8 ||%e in non-polar 
medium colloidal solutions are formed, e.g., kerosine oil. 

The dissolution of an ionic crystal in a polar soHypht depends on 
the relative magnitudes of lattice and hydration-ftergies. 

MX (s)^ + Energy -^ “(f) 

(Ionic crystal) (Lattice raergy) . . S" 

(f) + ^ (Solvent)- ^ [M (Solvent)^ ]■*" + fEriergy ■ 

(Solvated ion) . (HSt of hydration) 

~ (f) + T (Solvent)-> f Z (Solvent) j. ] “ + Energy 

(Solvated ion) '.^(Heat of hydration) 

The ionic compound will be soluble if total •hydration energy 
is higher than lattice energy, 

Ionic crystals are good conductors in molten state or when 
dissolved in water. . ' * 

(iv) Brittleness: Ionic solids are highly brittle in nature. 
When external force is applied, these are easily broken into 
pieces. Ionic solids are composed of parallel layers which contain 
cations and anions. When external force is applied, one layer 
slides a bit over the other and like ions come in front of each 
other. Due to repulsion between two layers the ionic solid breaks 
down. 

Ionic crystals have high density due to close packing. 

(v) Isomorphism: Ionic crystals possess same crystalline 
structure, i. e ., show isomorphism if the ions (cations and anions) 
have same electronic configuration, NaF and MgO are 
isomorphous compounds. 

Na-" . F “ and Mg^-" 

■ 2,8 , 2,8 . 2,8 2,8 

2. Covalent crystals: In covalent crystals, the lattice points 
are occupied by neutral atoms either of same element or of 


different elements. These atoms are held together by covalent 
bonds. Covalent crystals are of two types: 

(i) The covalent bonds extend in three-dimensions forming a 
giant interlocking structure. Examples are diamond, silicon 
carbide (SiC), aluminium nitride, etc. 

In diamond, each carbon atom is -hybridized and thus, 
covalently bonded to four other carbon atoms present at the four 
comers of a regular tetrahedron. This leark to a rigid 
three-dimensional network. The entire crystal is regarded as one 
large carbon molecule and is called a macromolecule. The 
structure of diamond explains the properties such as high density, 
non-conducting nature, extreme hardness and high melting and 
boiling point of the diamond. 



Fig. 4.52 Structure of diamond 

(ii) The covalent bonds extend in two-dimensions forming a 
giant layer. These layers are then held together by van der Waals’ 
forces. Examples are graphite, boron nitride (BN), cadmium 
iodide, etc. 

, In graphite, each carbon is -hybridized and is thus bonded 
to three carbon atoms in the same plane. The C—C distance is 
1.42 A which is intermediate between single bond distance (1.54 
A) and double bond distance (1 ,33 A). The imit cell consists of a 
hexagon of six carbon atoms. The unit cells are interlocked 
giving a layer or sheet stmcture. The distance between two 
adjacent layers is 3.35 A. The structure explains the properties of 
graphite such as being soft, good conductor of electricity, flaky 
and slippery. 



Fig. 4.53 Structure of, graphite 
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In general, the packing of atoms in covalent crystals is loose in 
comparison to ionic and metallic crystals. Thus, covalent crystals 
have open structure. 

3. Metallic crystals: The metallic crystals have positive 
metal ions as lattice points surrounded by a sea of mobile 
electrons. Each electron belongs to a number of positive ions and 
each positive ion belongs to a number of electrons. The force that 
binds a metal ion to a number of electrons within its sphere of 
influence is known as metallic bond. Metallic crystals mostly 
belong to cubic face-centred (fee), cubic body-centred (bcc) and 
hexagonal close-packed (hep) systems. Metallic crystals exhibit 
the following properties; 

(i) Good conductors: On account of the presence of 
mobile electrons, metals are good conductors of electricity. The 
electrical conductivity decreases with increase of temperature. 
This is due to the fact that positive ions also begin to oscillate 
with the increase of temperature. The oscillation of positive ions 
hinders the movement of mobile electrons. Metals are also good 
conductors of heat. 

(li) Lustre: When freshly cut or scratched, most of the 
metals have a shining surface. When light falls on freshly cut 
surface, the electrons get excited. The excited electrons give off 
energy in the form of light when they return to their original 
position and hence the metal looks bright. The metallic properties 
are explained on the basis that the metallic bond is 
non-directional and non-rigid. The result is that M ions can be 
easily moved from one lattice site to another. The nearest 
neighbours can be thus changed easily and new metal bonds can 
be formed readily. This explains why metals are malleable and 
ductile. 

(iii) Physical characteristics: Most of the metals are quite 
hard and tough. They are malleable and ductile. They have high 
tensile strength. Except alkali metals, they have high melting and 
boiling points. They also possess elasticity. 

4. Molecular crystals: In molecular crystals, the lattice points 
are occupied by molecules which do not carry any charge. The 
forces responsible for binding these molecules are dipole-dipole 
attractions and van der Waals’ forces. Dipole-dipole forces are 
present in solids when polar molecules occupy the lattice points as 
in the case of water, van der Waals’ forces are more general and 
occur in all kinds of molecular crystals. The binding energy in 
molecular crystals is, therefore, weak. Molecular crystals show the 
following general properties: 

(i) They are generally soft and easily compressible. 

(ii) They have low melting or boiling points. 

(iii) They are bad conductors of electricity as the electrons are 
localised in the bonds. 

(iv) They have low density. 

The following table provides a comparative summary of the 
properties, of various types of crystals: 


Property 

Ionic 

crystals 

Covalent 

crystals 

Metallic 

crystals 

Molecular 

crystals 

1. Constituent 

Positive and jNeutrat 

Positive ion 

Molecules 

particles 
occupying. 

negative 

ions 

atoms 

in 

sea of 

polar 

or non-polar 

lattice 

points 



electrons 


2. Binding 

Electrostatic 

Shared 

Electrostatic 

Weak polar 

force 

attraction 

pairs of 
electrons 

attractions 

between 

forces or van 
der Waals’ 




positive ions 
and electrons 

forces 

3. Hardness 

Hard and 
brittle 

Very hard 

Hard or soft 

Very soft 

4. Melting and 
boiling 
points 

High 

Very high 

High or low 

Low 

5. Electrical 

Bad 

Bad 

Good 

Bad 

conductivity 

conductors; 
Good 
conductors 
in fused 
state or in 
solution 

conductors 
with few 
exceptions 

conductors 

conductors 

6 . Examples 

NaCl, 

KNO 3 , 

CaFi 

Diamond, 

graphite, 

carborun¬ 

dum 

Cu, Na, Fe 
metals 

Ice, solid 
CO 2 


4.24 IMPERFECTION IN SOLIDS 

An ideal crystal is one which has the same unit cell containing 
the same lattice points across the whole crystal. Any departure 
from perfectly ordered arrangement of constituent particles in the 
crystals is called imperfection or defect. 

Perfect of ideal crystals can exist only at absolute zero or zero 
Kelvin. At absolute zero the crystalline substances have zero 
entropy, i.e., have no randomness. Above absolute zero, entropy 
or randomness increases, i.e., some deviations from perfectly 
ordered arrangement takes places. 

The imperfection may be intrinsic or extrinsic. Crystalline 
defects can profoundly after the properties of a solid material. 
Imperfections or defects not only alter the properties but also give 
rise to new characteristics. Extrinsic defects due to presence of 
certain impurities give rise to interesting changes in the 
properties. For example, gem stones are crystals containing 
impurities that give them beautiful colours. The presence of Fe^”^ 
ions makes sapphire blue and Cr^"^ ions presence makes ruby red. 
(Gems are actually crystals of AI 2 O 3 which is colourless). 

There are mainly two types of imperfections. 

1 . Electronic imperfections 

2. Atomic imperfections. 
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1. EI«ctronic Imperfections 

This type of imperfection arises due to irregular arrangement 
of electrons in the crystal structure. At 0 K (absolute zero), the 
electrons in both ionic and covalent solids are present in fully 
occupied lowest energy orbitals or states and these electrons do 
riot move under the influence of applied electric field. However, 
when temperature, is raised above 0 K, some electrons may 
occupy higher energy states. For example, in crystals of pure 
silicon or germanium, some electrons are released from the 
covalent bonds above 0 K. These free or mobile electrons 
become responsible for electrical conductance. The bonds from 
which the electrons have been removed on heating become 
electron deficient and these are referred to as holes. Like free 
electrons, holes also conduct electric current, Holes in an electric 
field move in a direction opposite to that in which electrons 
move. Both electrons and holes present in the solids give rise to 
electronic imperfection. Electrons and holes are denoted by the 
symbols ‘g’ and 'h' and their concentrations are represented by 
‘n’ and 'p\ In pure covalent solids like silicon and germanium, 
the number of free electrons and holes will be equal. Electrons 
and holes can be obtained preferentially according to the 
requirement by adding appropriate impurities. 

Silicon and germanium are the elements of group 14th; thus, 
they have maximum covalency of four. A number of solids can be 
obtained by the combination of the elements of groups 13 and 15 
or groups 12 and 16 to get average valency of four as in silicon 
and germanium. Examples are : InSb; AlP; GaAs. In these 
materials, In, A1 and Ga belong to group 13 and Sb, P and As 
belong to group 15 of the extended form , of the periodic table. 
Other examples are : ZnS, CdS, CdSe, HgTe. In these materials, 
Zn, Cd and Hg belong to group 12 and S, Se and Te belong to 
group 16 of the periodic table. These combinations are not purely 
covalent but possess an ionic character due to difference in the 
electronegativities of the two elements. These combinations 
show interesting electrical, magnetic and optical properties 
which have been utilised in the electronic industries for 
photovoltaic cells, light emitting diodes, thermocouples and 
semiconductors, etc. 

2. Atomic Imperfections or Point Defects 

When the deviations exist in the regular or periodic arrange¬ 
ment of the constituent particles {atoms or ions) in the crystal, 
these defects are termed atomic imperfections or point defects. 

These defects are caused by the following points. 

(i) When some of the , constituent particles are missing from 
their normal positions, these unoccupied position are termed 
holes or vacancies. 

(ii) When, some of the constituent particles, are missing from 
their positions and these particles have shifted either to interstitial 
vacant sites or to positions which are meant for other particles. 

Types of point defects : Point defects are classified into the 
following three types: .. 


(A) Defects in stoichiometric crystals, 

(B) Defects in non-stoichiometric crystals, 

(C) Impurity defects 

(A) Defects in stoichiometric crystals 

The crystals in which cations and anions are exactly in the 
same ratio as indicated by their molecular formulae are termed 
stoichiometric ■ crystals. Points defects do not alter the 
stoichiometry of the solid; these defects are cal|pd as intrinsic or 
thermodynamic defect. Two types of point defects are observed 
in these crystals : 

(i) Schottky defect, (ii) Frenkel defect. 

(i) Schottky defect : This defect was first observed by the 
German scientist Schottky in 1930. In this defect equal number of 
cations and anions (from AB type crystal) are missing from their 
normal lattice sites, i.e., equal number of cationic and anionic 
vacancies or holes will be developed. The crystal maintains 
electrical neutrality. 

This defect is usually observed in strongly ionic compounds 
which have high coordination number and the sizes of two ions 
(cations and anions) are almost same. 

Examples : NaCl, KCl, KBr, CsCl, AgBr etc. 


Cation Anion 

vacancy vacancy 



(a) ideaicrystai (b) SchotUcy defect 


Fig. 4.54 

In 1 cm^ of NaCl there are 10^^ ions and 10® Schottky pairs, 
thus there is one Schottky defect per lO’® ions. 

Consequences of Schottky defect ' 

■ (a) Due to Schottky defect, the density of crystalline solid 
decreases. 

(b) Lattice energy and thereby stability of the crystalline solid 
decreases. 

(c) Entropy increases. 

(ii) Frenkel defect: This defect was discovered and studied 
by a Russian scientist, Frenkel, in 1926. This defect is caused if 
some of the ions {usually the cations) of the lattice occApy 
interstitial sites leaving a corresponding number of normal 
lattice sites vacant. This defect creates vacancy defect at original 
site -and interstitial defect at new site. Freicel defect is also 
called dislocation defect. 
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Cation 

vacancy 





Cation occupying 
interstitial site 


Fig. 4.55 Fr«nk«l defect in the crystal 


Main conditions for Frenkel defect are: 

—^—> Coordination number should be low. . 

-> Size of anion should be bigger than cation. 

Examples ; This defect is not found jnjalkali metel halides 
because cations and anions have almost equal sizes and cations 
cannot be accommodate in interstitial sites. This defect is mainly 
found in transition metal halides like AgCl, AgBr, Agl, ZnS, etc. 
Silver ion (Ag^ ) being smaller in size can be accommodated in 
interstitial site. AgBr shows both Frenkel and Schottky defect. 

Consequences of Frenkel defect 

(a) There is no change in the density of the solid. 

(b) There is increase in the dielectric constant as the like 
charge ions come closer, 

(c) The solids having Frenkel defect show conductivity and 
diffusion in solid state due to presence of vacant lattice sites. 

(d) Lattice energy and thereby stability of crystalline solids 
decreases. 

(e) This defect influences the chemical properties of ionic 
compound. 

(f) ,Entropy of the solid increases. 

Thermodynamic facts about point defects in stoichio¬ 
metric solids : Frenkel and Schottky, defects are also called as 
intrinsic or thermodynamic defects. 

Niunber of point defects increases with temperature. The 
number of defects formed per imit volume (cm^ )‘«’ is given by, 

where, N = number of sites per unit volume (cm^) which 
could be left vacant 

W = Work necessary to create a defect 
T = Absolute temperature 

Electrical conductance of crystals increases' due to point 
defects. When potential difference is applied to the solid then 
ions may move from the lattice sites to occupy the holes or 
vacancies. Such movement • is responsible for electrical 
conductance. • 


Difference between Schottky and Frenkel defect 


Schottky defect 

Frenkel defect 

1. Equal number of cationic and 
anionic vacancies are present in 
this defect. 

Some ions are displaced from 
normal lattice sites to the intersti- 

... • ai* 

tial sites. 


2. Density is lowered in this defect. Density is unaffected in it. 

3. Dielectric constant remains Dielectric constant increases, 
same. 


4. It is shown by those ionic com- It is shown by those ionic com¬ 
pounds which have high coor-1 pounds which hsve low coordin- 
dination number, sizes of cations j ation number and size of cations 
and anions are almost equal. j is smaller than size of atJforis. 


(B) Defects in non-stolchiometric solids 

The compounds in which the number of positive and negative 
ions are not exactly in the ratio as indicated by their chemical 
formulae are called non-stoichiometric compounds. Non-stoichi- 
ometric solids are also known as BerthoUide compounds. 

Examples: 

(i) Ferrous oxide FeO exists in non-sfoichiometric form as 
Fco.gsOcalled wjTirite. 

(ii) Vanadium oxide has non-stoichiometric formula VO^, 
where x lies between 0.6 and 1.3. 

(iii) ZnO exists as a non-stoichiometric compound having 
excess zinc. 

(iv) Stoichiometric compounds like. NaCl, KCl, etc., can be 
non-stoichiometric under suitable conditions. 

the defects which .bring change in overall chemical 
composition are termed as non-stoichiometric defects. In such 
crystals, there is excess of either positive particles (cations) or 
negative particles (anions). However, the crystal as a whole is 
neutral in nature. If positive particles are in excess, the charge is 
balanced by the presence of extra electrons. In case the negative 
particles are in excess, the charge is balanced by acquiring higher 
oxidation state by metal atoms. 

Non-stoichiometric defects are of two types: 

1. Metal excess defect, 2. Non-metal, excess defect , 

1. Metal excess defect; In this defect, metal ions or cations 
are ip excess. This defect may develop on account of the 
following two ways :. • . 

(a) Anion vacancies : A negative ion may be missing from its 
lattice site leaving behind a vacancy or hole. This vacancy or hole 
is occupied by an extra electron to maintain electrical neutrality. 
■This defect,is somewhat similar to Schottky defect but differs in 
having only one hole and not a pair as in theTatter case. 



Fig, 4.56 Metal excess defect due.to 
anion vacancy 

Anion vacancies in alkali metal halides are produced by 
heating the metal halidra in the atmosphere of alkali metal 
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vapours. Metal atoms get adsorbed on the siirfaee of the metal 
halides. Halide ions move towards the surfaee and eombine with 
metal ions formed hy the adsorbed atoms on aeeount of their 
ionisation. The eleetrons released in the proeess diffuse into the 
erystal and oeeupy anion vaeaneies. The eleetrons trapped in 
anion vaeaneies are referred to as F-centres. ‘F’ stands for 
Farbeh, a German word, meaning eolour. Greater is the number 
F-eentres, more is the intensity of eolour. For example, non-stoi- 
ehiometrie sodium ehloride with exeess sodium is yellow, non- 
stoiehiometric; potassium ehloride with exeess of potassium is 
violet and non-stoiehiometrie; lithium ehloride with excess of 
lithium is pink. 

(b) Excess cations occupying interstitial positions : Metal 
excess defect may also be developed by the presence of extra 
cation in the interstitial site. Electrical neutrality is achieved by 
an electron presence in another interstitial site. This defect is 
similar to Frenkel defect. For example, when ZnO is heated, it 
loses oxygen and turns yellow. 

ZnO-^Zn^"" +(1/2)02 +2e 



Fig. 4.57 Metal excess defect due to the presence of 
extra cation in the interstitial position 

The Zn^"^ ions thus formed occupy interstitial sites and the 
electrons occupy the neighbouring interstitial sites. The crystals 
having metal excess defects contain few free electrons and, thus, 
such solids act as semi-conductors. 

2. Non-metal excess or metal deficiency defect : These 
contain lesser number of positive particles than negative 
particles. These defects arise due to cation vacancies or anions 
occupying interstitial sites, the extra negative charge is balanced 
by oxidation of some of the nearby metal ions. Thus, this defect 
occurs when metal shows variable valency, i.e., especially in the 
case of transition metals. Examples are : FeO, FeS, NiO, etc. 
Crystals with metal deficient defects are semiconductors of 
ji?-type. 

(C) Impurity defects in ionic crystalline solids 

A defect in an ionic solid can be introduced by adding foreign 
ions. If the impurity ions have a different oxidation state than that 



of the host ions, vacancies are created. For example, if molten 
NaCl containing a little SrCl 2 or CaCl 2 as impurity is allowed to 
cool, some lattice sites will be occupied either by Ca ions or 
Sr^^ ions in place of Na"^ ions. For every Ca^^ ion or Sr^^ ion, 
two Na^ ions are removed in the crystal lattice in order to 
rtiaintain electrical neutrality. Thus, one of these lattice sites is 
occupied by Ca^"^ or Sr^"^ ion and the other site remains vacant. 

Cationic vacancies developed due to introduction of impurity 
cause higher electrical conductivity of ionic solids. Addition of 
about 0.1% SrCl 2 to NaCl increases the electrical conductivity 
by 10000 times. Solid solution of CdCl 2 and AgCl is another 
example of this type of impurity defect. 

Electric Properties of Solids 

On the basis of electrical conductivity, solids are divided into 
three categories: 

(i) Metals (ii) Insulators (iii) Semiconductors 

Metals have conductivity 10* ohm’' cm’' and insulators 
have 10’*^ ohm’’ cm’’. 

Metals: Metals have free electrons and fixed kernels at 
their lattice sites; 

M->/!/""■+ ne 

kernel * free eleetrons 

Free electrons make the metal good conductor of electricity and 
heat. Conductivity of metals is nearly independent of impurity of 
metals. Resistance ratio may be taken to check the impurity level 
of metals, i. e. , p 300 K / P 4.2 k ■ Conductivity of metals depends on 
• number of valence electrons, i.e., number of free electrons 
produced by the metak 

Nature of Metallic Bond 

A metal is regarded as group of positively charged metal ions 
packed as closely as possible in a regular geometrical fashion and 
immersed in a sea or pool of mobile electrons. The attraction 
force that binds the metal ions and mobile electrons is called 
metallic bonding. 

1. Conductivity: When potential difference is applied 
electrons (mobile) conduct electric current. It has been observed 
that the conductivity of most of the metals decreases with 
increase in temperature. At high temperature, positive metal ions 
start vibration and create resistance to the flow of electrons; thus 
resistance of metal increases. 

Good thermal conductivity of metals can also be explained on 
the basis of mobile electrons. 

2. Opaqueness and lustre: Mobile electrons absorb 
quantum energy of visible light and become excited; when 
excited electrons return to normal state, visible light is evolved. 
Since, the light is fully absorbed by metal hence it is opaque. 

5. Elasticity: On applying mechanical stress, temporary 
deformation of the metal crystal takes place and the kernels with 
their electron cloud return to their original position as soon as 
mechanical stress is removed. 

4. Microproperties of metals: Some other properties of 
metals are summarised ahead: 


Fig. 4.58 Impurity defect 
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(a) Metals possess high tensile stress. 

(b) Metals are usually hard and solid. 

(c) Some metals like alkali and alkaline earth metals show 
photoelectric effect, i. e., ejection of electron from metal surface 
when exposed to light of appropriate energy. 

(d) Metals have low ionization energy. 

(e) Strength of metallic bond depends on the following 
factors: 

Strength increases with: 

(i) increase in number of valence electrons, 

(ii) increase in charge on the nucleus, 

(hi) decrease in size of positive metal ion. 

Valence band: Group of electrons containing valence 
electrons. 

Conduction band: The free electrons for conduction 
constitute conduction band. 

Band structure of metals may be given as shown in Fig. 4.59. 


Conduction band 
Valence band 


Conduction band 
Valence band 

Fig. 4.59 

There is no energy gap between valence and conduction band, 
i. e., width of forbidden zone is zero. Thus, as soon as potential 
difference is applied electrons jump to conduction band from 
valence band and conduct electric current. All valence electrons 
are free to conduct electric current. When temperature is raised 
conductance of metals decreases because at high temperature 
kernels vibrate and create obstruction in the flow of electron. 

Semiconductors: Conductivity of semiconductors is inter¬ 
mediate between metals and insulators. These are of two types: 


Free electron on heating 



Conduction band 
Forbidden zone 
Valence band 

Fig. 4.60 

(i) Intrinsic semiconductors: These are insulators at room 
temperature and become semiconductors when temperature is 
raised. 




On heating, some covalent bonds are broken to give free 
electrons. These free electrons make it semiconductor. 

Width of forbidden zone in semiconductors is very low; thus 
on heating, electrons are easily tossed to conduction band from 
valence band and conduct electric current. 

(ii) Extrinsic semiconductors or Impurity 
semiconductors: These are formed by dopping impurity Of 
lower or higher group. 

n-type Semiconductor 

Dopping of higher group impurity forms n-type 
semiconductor, e.g., when ‘As’ is dopped to ‘Ge’, an extra 
valence electron of arsenic makes the mixture n-type 
semiconductor. Current carriers are negatively charged, hence 
called n-type. 


Extra valence 
electron forming 
n-type semiconductor 


n-type Semiconductors 



Conduction band . 

Donor level 
Valence band 

Fig. 4.61 n-type Serniconductor 

Impurity dopping creates donor level just below the 
conduction band. 

On applying potential difference, electrons jump from donor 
level to the conduction band and conduct electric current. 

p-type Semiconductor 

Impurity of lower group creates acceptor level just above the 
valence band. When electrons jump from valence band to 
acceptor level, a p-hole (positively charged hole) is created in 
valence band. On applying potential difference, these ;?-holes 
conduct electric current. 




-p-hole 

(electron 

deficient 

band) 



Conduction band 
Acceptor level 
Valence band 


Fig. 4.62 p-type Semiconductor 
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Ihsulxtdrs: Such substances do not conduct electric current; 
their conductivity is very low. Width of forbidden zone between 
valence and conduction band is very big; hence electroiis are not 
tossed from valence 

band to conduction s^-Conduction band 

band. On heating -- Forbidden zone 

they decompose but ^ Valence band 

do not give free . 

conducting ^ Flo. 4.63 

electrons. . . - ' 


Examples: Classification of transition metal oxides 


Metallic 

Semiconductors 

Insulators 

VO 

FeO, V 2 OS 

MnO 

TiO . 

Fe^O,, Mn^Oti 



C 03 O 4 , Mn 304 


Cr 02 

CuO 



CU 2 O 



TiO and NbO become superconductors at low temperature, 
about 2 K. 


4.25 MAGNETIC PROPERTIES 

(I) Paramagnetic Solids 

The presence of one or more unpaired electrons In an atom, 
molecule or ion gives rise to paramagnetism. Such materials are 
weakly attracted in the field. When they are placed in a magnetic 
field they become parallel to the field. Domain significance of 
unpaired electrons are given below: 



-e* 

-e* 

-e* 


-e* 

-e* 

-e* 


-e* 

-e* 

-e* 


(In absence of magnetic field) (In presence of magnetic field) 

Fig. 4.64 

Resultant magnetic field for K-unpaired electrons may be 
calculated as: 

V-M = yln(n + 2) 

The magnetic field produced by unpaired electrons is due to— 
(a) their spin and (b) their orbital motion. 

Magnetic moment is measured in Bohr Magneton (BM) 

BM='-^,; ■ ■■„ 

An-rhc'’ 

, ' = 1.73 BM (one unpaired electron) , 

=.'2.83 BM (two unpaired electrons) 

IT 5 = 3.87 BM (three unpaired electrons) 

= 4.90 BM (four unpaired electrons) 

5.92, 6.93, 7.94 values for fiye,sixand seven unpaired 

electrons respectively. 


(ii) Diamagnetic Solids 

The solids, which are weakly repelled by external magnetic 
field, are called diamagnetic solids and the property thus 
exhibited is called diamagnetism. 

In diamagnetic solids, all electrons have paired spins, i.e., only 
fully filled orbitals are present. Examples are : NaCl, Ti 02 , 
ZrOj, KCl etc. Some diamagnetic solids like TiOj show para 
magnetism due to presence of slight non-stoichiometry; 

(lii) Ferromagnetic Solids 

The solids which are strongly attracted by external magnetic 
field and do not lose their magnetism when the external field is 
removed, are called ferromagnetic solids. The property thus, 
exhibited is termed ferromagnetism. 

Ferromagnetic substances can be permanently magnetised. 
Only three elements, iron (Fe), cobalt (Co) and nickel (Ni) show 
ferromagnetism at room temperature. Some other examples are : 
EuO, CrOj, etc. CrOj is the oxide used to make magnetic tapes 
for use in cassette recorders. 

Ferromagnetism arises due to spontaneous alignment of 
magnetic moments due to unpaired electrons in the same 
direction as shown below (Fig. 4.65). 

t Parallel spin 
(spin in the 
same direction) 

Fig. 4.65 Ferromignetism 

Mechanism of magnetisation of ferromagnetic substances: 
Unpaired electron in one atom interacts strongly with unpaired 
electron of neighbourhood atom, thus they align themselves 
spontaneously in a common direction in a small volume of solid 
called domains. Magnetic moments of all atoms in a domain are' 
parallel to each other hence the domain possesses a net magnetid 
dipole moment. In absence of external magnetic field, the 
direction of magnetic moments in different. domains are 
randomly oriented in different direction. When external magnetic 
field is applied then the domains in whicfrthe magnetic moments 
are parallel to external field, expand at the expense of remaining 
domains and ultimately all the magnetic moments align 
themselves in the direction of external magnetic field. 

^_External magnetic field 


Fig. 4.66 Magnetisation of ferromagnetic substance 

(iv) Antiferromagnetic Solids 

The solids which are expected to show paramagnetism or 
ferromagnetism on the basis of unpaired electrons but actually 
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have zero net magnetic moment are called dntiferromagnetic 
solids. 


f Parallel spin 
^ Antiparallel spin 


Fig. 4 .67 Antiferromagiietism 

Magnetic moments are.aligned in a compensatory way so as to 
give zero net magnetic moment. Antifeirdmagnetism is due to the 
presence of equal number of magnetic moments in omosite 
directions as shown above (Fig. 4.67). imporaiO examples 
are : Mnd, Mnb 2 , Mri 203 , NiO, CoO, etc. 

(v) Ferrimagnetic Solids 

The solids which are expected to show large magnetism due to 
the presence of unpaired electrons But in fact have small net 
magnetic moment are called ferrimagnetic solids. 

Ferrimagnetism arises due to alignment of magnetic moments 
in parallel and antiparallel directions in unequal numbers 
resulting in some net magnetic moment. This alignment has been 
shown ahead (Fig. 4.68). . • 

Table 4.1 


t Parallel spin 
. i Antiparallel spin 

' 4 ^ ■ 

Fig. 4.68 Ferrimagnetism 

' ■ ■ ^ ■ ■ ' ' ■■■ 2 + ' 

Examples are : Fe 304 and ferrites of the formula M Fe 204 

where Af = Zn, Cu, Mg, etc, ' 

Influence of temperature on magnetic character onWnds : 
All magnetically ordered solids (ferromagnetic, antiferro¬ 
magnetic and ferrimagnetic) change into paramagnetic state on 
increasing temperature. This is due to randomisation of their 
spins. The following examples explain this point: 

(i) Ferrimagnetic solid, Fe 304 , becomes paramagnetic when 

heated to 850 R. , . 

(ii) Antiferromagnetic solid, V 2 O 3 , becomes paramagnetic 

when heated to 750 K. , , 

It should be noted that each ferromagnetic solid has a 
characteristic temperature above which it becomes paraffiagnetic. 
The characteristic teniperature is called Curie point for Curie 
temperature. . , 


Magnetic Properties of Solid at a Glance 



Properties 

Information 

Magnetic alignment 

Example 

Appli^tion 

1. Diamagnetic 

Repelled weakly in magnetic field. Such 'solids' have 
only paired electrons. 

llllLf . 

Benzene, NaCl, ■, , 
Ti 02 , V 205 ,etc. . 

Insulators t’ 

2. Paramagnetic 

Have unpaired electrons; weakly attracted in magnetic 
field. They cannot be permanently magnetised. 


Oj.VO.CuO.TiO 

Electronic devices 

3. Ferromagnetic 

Also, have unpaired electrons. Strongly attracted 'in 
magnetic field. Such solids can be permanently magnet¬ 
ised. On heating to a temperature called Curie Point, 
these solids change to paramagnetic solid. 


Fe, Ni, Co, Cr 02 

Cr 02 is used in au¬ 
dio, video tapes. 

4. Antiferromaghetic 

In these solids, unpaired electrons align themselves in 
such a way that resultant magnetic moment is zero. 

't 

titititi . 

Cr 203 , C0O5 CO 3 O 4 , 
Fe 203 . MnO, Mn 02 

Used in the instru¬ 
ments of magnetic 
susceptibility 
measurement 

5. Ferrimagnetic 

Unpaired electrons align themselvra in such a way that 
there is a net magnetic moment. 

T4.4T44T44. 

OR 

t T i i 4 T 1 4 . 4 .41T 

and so on 

Fe 304 , ferrites 

— 
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Table 4.2 Dielectric Properties of Solid at a Glance 


Properties 

inforinattoD 

Dipolar property 

Example 

Application 

1. Piezoelectricity 

When a crystal of dielectrics is subjected to 
mechanical stress, then small magnitude cur¬ 
rent is produced. It is called direct 
Piezoelectric effect. 

Development of charge in 
some part of crystal. 

Quartz and 
Rochelle salt 

Used in mechanical 
electric transducer, 
ag., in record player, 
transmission of direct 
signals, sounding of 
• sea depths. 

2. Anti piezoelectricity 

In some solids, electric field develops me¬ 
chanical effect. 

Crystal suffers elastic defor¬ 
mation in an electric field 

— 


3. Ferroelectricity 

Piezoelectric crystals having permanent di¬ 
poles are said to possess ferroelectricity. 

TTtTTt 

BaTi 03 ,KH 2 P 04 
Rochelle salt 

Electromagnetic 

appliances. 

4. Anti ferroelectricity 

Piezoelectric crystals with zero dipole are 
said to possess anti ferroelectricity. 

TiTiTi' 

PbZrOj 

Lead zirconate 


5. Pyroelectricity 

Some polar crystals produce electric impulse 
on heating. 

t — -- 

Crystals of tartaric 
acid 

Used in fire alarms, 
and thermostat 


Superconductors 

Copper and most other metals are good conductors of 
electricity. But even the best conductors present some resistance 
to the flow of electricity and a part of electrical energy is 
converted into heat energy. Thus, generators, turbines, motors of 
all kinds, transmission lines and other electrical equipment 
always operate at less than 100% efficiency. 

A superconductor is a material that loses all electrical 
resistance below a characteristic temperature called the super¬ 
conducting transition temperature, i,e., a superconductor 
presents no resistance to the flow of electricity. 

Electrons move freely through a superconductor without any 
resistance or friction. 

This phenomenon was discovered, in 1911, by the Dutch 
scientist Heike Kamerlingh Onnes, who found that mercury 
abruptly loses its electrical resistance when it is, cooled with 
liquid helium to 4.2 K. Below its critical temperature ), a 
superconductor becomes a perfect conductor and an electric 
current, once started, flows indefinitely without loss of energy. 
Most metals become superconductors at very low temperatures 
. (generally around 2-5 K), but this temperature is far too cold for 
any commercial applications. 

Since, 1911, scientists have been searching for materials that 
sUperconduct or at higher temperatures and more than 6000 
superconductors are now known. Niobium alloys are particularly 
good superconductors and in 1973, a niobium alloy, Nb 3 Ge, was 
found to show superconductivity at 23.2K. The simation changed 
dramatically in 1986 when Muller and Bednorz reported a of 
35K for the non-stoichiometric barium lanthanum copper oxide, 
Ba^La 2 -jCu 04 , where x has a value oT about 0.1. Soon 


thereafter even higher values of for other copper containing 
oxides : 90 K for YBa 2 Cu 307 , 125K for Tl 2 Ca 2 Ba 2 Cu 30 io 
and 133 K for HgCa2Ba2Cu308+.,.[YBa2Cu307 is also called 
1-2-3 compound, f e., 1 yttrium, 2 bariums and 3 coppers]. 

Room temperature 'Tfl superconductors are yet to be 
discovered. The great advantage of these materials that offer no 
electrical resistance is the elimination of heating effects as 
electricity passes through. The energy saving and efficiencies 
that would be realised are substantial. Superconducting coils of 
wire could store electricity (in principle) forever, since no energy 
is lost. Thus, the energy can be tapped as needed. One of the most 
dramatic properties of a superconductor is its ability to levitate a 
magnet. When a superconductor is cooled below its and a 
magnet is lowered towards it, the superconductor and magnet 
repel each other and the magnet hovers above the superconductor 
as though suspended in midair. The potential application of this 
effect will be in the high speed , magnetically levitated trains. 
Some applications of superconductors already exist. For 
example, powerful superconducting magnets are essential 
components in the magnetic resonance imaging (MRI) 
instruments used in medical diagnosis. Superconductors are also 
used to make the magnets that bend the path of the charged 
particles in high energy particle accelerators. All the present 
applications, however, me' conventional superconductors 
(Fj. <20K). Of course, the search goes on for materials with 
higher values of T^. For applications such as long distance 
electric power transmission, the goal is a material that super¬ 
conducts at room temperature. 
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I Example 1. There is a collection of crystalline substances 
in a hexagonal closed packing. If the density of matter is 
l.bg/cmK what would be the average de^ity of matter in 
collection? IVhat fraction of space is actually unoccupied ? 

SojrfUon: In hexagonal closed packing, the packing 
efficiency is 74.05%. 

Density of matter = Packing fVaction x Total density 

- s2i25K2.6*1.93gcm^^ 

too 

%cmpty space -100^ 74.05 - 25,95% 

; Ekiltftpic 2. The unit cell length pfNaCl is obsened to be 
0.S627 nm by X-ray diffraction studies', the measured density of 
NaCl is 2.164 gent''^ Correlate the difference of observed and 
calmlated density and calculate % of missing Xa* andCr ions. 
Solution; We know that, 

' ' / ^ ^ 

, ^ ' m" 

where, Z * number of constituent units per unit cell 
s 4 in fee 

a ^edge length - 0.562? x 10“^ cm 
«#* density 

N ^ Avogadro's number • , 

M ^ itwlar mass 

( 0i5e2?x 10°^ 6023 k 10^^ 

55.5 ' 

rfs2.1805|/cm* 

Observed density s 2.164 g / ci# which is less than ealeulWid 
density because some places are missing, 

Actual constituent units per unit cell can be calculated asi 

z - C0'5621^y 10“^)- k 2.164 X 6,023 X 10“ ^ ^ 

58.5 

Missing units s 4 = 5.969 s 0.051 


% missing! 


2^x100^0,775% 

4 


Examples. b\ a cubic lattice, the closed packed strmlure 
of Mixedoxides of the lattice is made up of oxide iom ; one eighth 
of the mrahedml voids am occupied by dimleut ions (A ) 
while one half of octahedral voids are oceup(pd by trMleut 
Ions (S^*). Mat is the formula 0 the oxides ? . 

Solution; Let there be ^ 0*“ Itt the crystal. 

Octahedral voids ® 80, 


Tetrahedral voids ’ 


ions^ 


X 80*40 


:0‘~ 20*40:80 


:1:2:4 


Formula is AB^ OA 


. Example 4. At 1425°C, Be crystallises in a body-centred 
cubic lattice whose edge length is 2.93 A. Assuming the atoms to 
be packed spheres, calculate : 

(a) the radius of the spheres, • 

(b) the distance between centres of neighbouring spheres, 

(c) the number of atoms of Be per unit lattice and 

(d) the total volume occupied by an atom of Be. 

Solution: (a) 'aVI * Ar where, a * ed^ lei^h 

^ 1.268A 

" 4 • 4 . 

(b) Distance beiweeti^the centres of neighbowing ^hcres 

*2r^2xl.2m^2337k 

(c) No. of atoms per tmH cell * 8 X + 1 ^ 2 . 

(d) Voluttw {^copied by an atom of to ^ ^ ttr*. 

: ExnmpieS. In face>centred cubic {fee} crystal lattice, 

edge length of the unit celt is 4W/w, Bind the diameter cf the 
greatest sphere which can be fitted into the tmerstttial void 
without distortim^ lattice, (iit20O5) 

Solution: In fee unit sell, we can wse 

a42 * 4r 


<$42 4Wx V2 


: 141.4 pffi. 


X 180^ 20 


Fet oetahedrat void, 

%rAn)=a 

m = a = 2r 

2# = n = 2f = 2 x 141.4* 1 IXMiws 

Dlamelgf of ifeatesi sphere s 11 TMpm. 

o ’ " jlkPOlpI# S. ' The disiaitee betwe'en phmes c^iom pmmllM 
to the fiiee of the unit mil ef sodium eM&ride & W2 pm. Urn-, 
smallest anik of reflection observed in the X-ray di^rmitim 
pattern is 531^.- Cakulate the wmelmph ef the mcidem 
rndiaim: * 

Solution: Usiiiji itagg’if gqualien, 

, -v 

1 M = IX ir ** rtn 5 ,#? 

a = l,86xl0#*'tH=m4p« 

, ' €s& hm mtbk strwture of fans in which Cs* 

ion is pmeHf in the bodymentre of the cube. If density is 3.99^ 
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(a) Calculate the length of the edge of a unit cell. 

(b) What is the distance between and Cl “ ions? 

(c) What is the radius of ion if the radius of Cl ^ ion is 

mprn? 

Soletion’ We know that, 

. . „ xpxiV 

(a) Z = - - - 

M 

z = i, iCs""+ icr =icsci 

M = 168.5 

j _ X 3.99x6.023x10^^ 

168.5 

a = 4.123 X 10~* cm= 412pm 

(b) Distance between Cs"^ andCF ions 

aV3 412x^ 

=-=-.— = 356.8 pm 

2 , 2 

r + +180=356.8 

Cs 

= 176.8 pm 

, Example 8 . IfNaCl is doped with 10~^ mol per cent of 
SrClj , what is the concentration of cation vacancy ? 

Solution: 


Na-"" ■ 

cr 

Na+ 

cr 

cr 


cr 

Na-" 


cr 

Na”" 

cr 

cr 

Na"" 

cr 

Na”" 


Number of cationic vacancies per mol 


10'^ x6;023xl0^^ 


: 6.023 X 10 * vacancies per nrol 


Example 9. A metal crystallises into two cubic phases, 
face-centred cubic {fee) and body-centred cubic (bcc) whose 
unit lengths are 3.5 and 3.0 A respectively. Calculate the ratio of 
densities of fee and bcc. (IIT1999) 

„ Z, XAt.mass 

Solution: Density of fee = —^- 


density in bcc = 


Av. no. X F, 

Zj X At. mass 
Av. no. X F, 


! For fee 


= 4; F, 


■ — X •— 

= (3.5x10'^)^ 


For bcc 


Z 2 =2; V 2 = a^ = (3.0X10:*)^ 

^fcc _ 4x(3.0x10^^)^ 

^bcc ' 2 X (3-5x10-*)^ ■- 

/ 


Example 10. A solid AB has the NaCl structure. If radius 
of the cation A'* is 126pm, calculate the maximum value of the 
radit^ of the anion B~'. 

Solution: Since, NaCl has octahedral structure, 

r* 

The limiting ratio -^ = 0.414 

rs 


''a 

fR - 


0.414 0.414 


= 290 pm 


Example 11. You are given marbles of diameter 16 mm. 
They are to be placed such that their centres are lying in a square 
bond by four lines each of length 40 mm. What will be the 
arrangement of marbles in a plane, so that, maximum number of 
marbles can be placed inside the area. Sketch the diagram arm 
derive expression for the number of marbles per unit area. 

PT 2003) 

Solutioaf In order to accomodate maximum number of 
spheres, there should be hep (hexagond closed packing). 

Area of square having spherical marbles = 16cm^ 

Maximum number of spheres = 14 (full) + 8 (half ) 

Number of spheres = 18 

2 18 

Per unit area (per cm ) = — = 1.125 
16 

Length PQ of square = 4 cm 

Length-Pi? = 5 + 4 x -sVI = 40 mm = 4 cm 


[o . . 40 mm 

Pl/^ XX' N/' 



■ 

10 mm\ 


lO-s/3 n 
CD = 10 sin 60° =—^ = 5V3 

2 

Example 12. Calculate the density of diamond from the 
fact that it has face-centred cubic structure with two atoms per 
lattice point and a unit cell of edge length 3.569 A. 

Soiutic®: Z= 8 ,M = 12 

' xp xA 

Z =-- ■ 

M 

ZM 8x12 


Density p = 


/ (3.569X 10“** Y X 6.023 x 10^ 

= 3.506gcm“^ 
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Example 13. An element crystallises into a structure 
which may be described by a cubic unit cell having one atom at 
each comer of the cube and two atoms on one of its diagonals. If 
the volume of this unit cell is 24 x cm^ and density of 
element is 1.2g/cm^. Calculate the number of atoms present in 
200 g of the element. 

Solution: Number of atoms in a unit cell (Z) = l+ 2= 3 
xp xiV 

Z =- V 

M 

/ ^ X p X iV 


(3.5 X 10^* y X 0.53 X 6.023 x 10^ 


Example 17. Cu metal ciystallises in face centred cubic 
lattice with cell edge, a = 361.6 pm. What is the density ofCu 
crystal? (Afomicmass of copper - 63.5 amu, = 6.023 x 10^^) 

fCBSE-PMj (Mains) 2008) 

Solution: We know 

^ a^ xdxN. 


24 X 10“2'* X 7.2 x 6.023 X 10^^ 


Number of atoms 


Molar mass 
200 _ 


X 6.023x10^^ 


X 6.023 X 10^^ = 3.47 xlO^'^ 


v^^Ekample 14. Analysis shows that nickel oxide Mas formula 
Nig^Oi. What fraction of nickel exist as Ni^'^ and Ni^^ ions? 

Solution: Let number of Ni^^ ions =x ^ 

Number of Ni^'*' ions = (0.98 - x) 

Since, molecule is neutral, its total charge is zero. 

(+3xx) + (0.98-jr)x2-2=0 
• x = 0.04, i.e., Ni^'" = 0.04;" Ni^’" = 0.94 

, Example 15. Calcium crystallises in face-centred cubic 
unit cell with a = 0.556 nm. Calculate density if 
{i) it contained 0.1% Frenkel defect 
(ii) it contained 0.1% Schottky defect 
Solution: (i) Frenkel defect does not alters the density of 
solid. ' , 

^_MZ _ 40x4 _ 

l^N (0.556x10''^)^ x6.023x10^^ 

= 1.5455g/cm^ 

(ii) Schottky defect lowers the density of solid 
4x0.1 


- _ 40x3.996 

(0.556x10"’)^ X 6.023x10“ 

= 1.5440g/cm^ 

Example 16. Density of lithium atom is 0.53 g/cm^. The 
edge length of Li is 3.5 A. Find out the number of lithium atoms in 
a unit cell. Atomic mass of lithium is 6.94. 

(CBSE-PMT (Mains) 20051 


Solution; 


a xp x'JV^ 


Z = 4 for fee unit cell; M = 63.5 g mol ' 
ar= 361.6 X 10’cm; = 6.023 x 10“ 
Putting these values in (i), we get 


- 4X63-.5;. _■ 

(361.6x10"*“)^ X 6.023x10“ 


^ 8.94 g cn) 


Example 18. .4« LPG cylinder weighs 14.8' % when 
empty. When full, it weighs 29 kg and shows a pressure of 2.5 
atm. In the course of use at 21 °C, the weight of the full cylinder 
reduced to 23.2 kg. Find out the volume of n-butane in cubic 
metres used up at 27°C 1 atm. 

[Molecular mass of n. butane = 5i] |CBSE-PM'T (Mains) 2008] 
Solution :Mass ofK-butane used = 29-23.2 =5.8 kg 

Number ol^moles of butane used == 100 

5.8 

100x0.082lx 300 
~ P “ - .1 ' 

= 2463 litre 
= 2.463 m^ 

Example 19. r^^+ and r^^^ represents radius of Na^ and 

Cr ions respectively. If ‘n’ is the number of NaCt units per unit 
cell then give the equation you will use to obtain molar volume. 

[CBSE-PMT (.Mains) 2009] 

Solution: Edge length of imit cell ‘a ’ = 2(rj^^+ 'cr ^ 


Volume of unit cell = a - 
Volume occupied by one^ole of NaCl 


+ r ) 
cr ’ 




where V. =6023x10 


Example 20. Two gases A and B of mass 7Q6g and 167.5g 
(M„ of A = 32andM^ ofB = 20)flre mixed'. Then total pressure 
of mixture is 25 bar. Calculate partial pressure of A arid B. 

jCBSE -PMT (Mains) 2009] 
10 6 

Solution: Number of moles .4,« . = —^ =2.0. 

32 
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1 fil ^ 

Number of moles of fl, ng ~ —^ = 8.375 


2.2 


Partial pressure of gas A^p ^ 


20 

n 


«j + H 


-xp 


2.2+8.375 
pg =25-5.20 =19.8 bar 


-X 25= 520 bar 


B 


Summary and Important Points to Remember 


. 1. Matter: Matter is anythii^ which has mass and 
occupies space. Matter exists in three states, viz., mlid, liquid and 
gas. Any substance can exist in eitiier of the three states 
dq^nding on temperature and pressure. Liquid and solid states 
are condensed states as ttiey have much higher densities. Both 
liquids and gases are tramed as fluids as they have flowing 
ability.' 


2. Gaseous state: It is the simplest state and shows 

greatest unifomiity in behaviour. TTie gases show almost the 
same behaviour irrespective of Chemical nature, colour or odour. 
The molecules in a gas possess random motion in all dirations. A 
gas h^ neither a definite shape nor a definite volume. Gases are 
characterised by low density, high degree of compressibility and 
expandability. Gas« exert uniform pressure on the walls of the 
container. TTiey diffiise rapidly and intermix .to form 
homogeneous mixtures. All gases obey certain laws called gas 
laws. . ^ 

3. Gas laws: Gas laws are based on experiments. 

. (i) BoyleV law: It states that the volume of the given 
amount of a gas is inversely proportional to its pressure at a 
constant tertqjerature. 

ycc— or FF=constant orFjFj =P 2^2 -^ 3^3 


or 


P P ' 

—1- = — (at constant temperature) 


where,'</i and are the densities of a gas at pressures Fj and F 2 . 
The curves betwan F and F at constant temperature are 
hyperbolas and called isotherms. 

(ii) Charles’ law: At constant pressure, the volume of a 
given arnmmt of a gas is directly proportional to its absolute 
temperature. . . 


V or 


= constant or 



(iv) Gas equatioii:. 


T 


= constant 


or 


For one mole of an ideal gas, PV ~ RT 
For « moles of an ideal gas, PV = nRT 
For w g of the gas (mol. mass M ), 
w 

FF = —Fr 
M 

„ w RT , RT 
V M ■ M 



(d = density) 


F is a universal gas constant. It is expressed in the units of work 
per degree kelvin per mol. Value of F in different units is 

F = 0.0821 litre-atm K"' mor* 

= 82.1 mL-atm K. ' mor* 

= 8.314 X 10^ erg K“‘mor‘ 

\ 

= 8.314JK:“‘mor* 

= 1.987 «2calK"‘mor‘ 

(v) Avogadro’s law: Equal volumes of all gases contain 
equal number of molecules under similar conditions of 
temperature and pressure. Vilume occupied by one mole of any 
gas at NTP (O^C mid 1 atm) is termed molar volunie. It is 22.4 
litre or 22400 mL. , . 

[ Note ; At 25° G and 1 bar, one mol^of a gas has a volume of 25 litre.] 

(vi) Dalton’s law of partial pressures: The total pressure 
exerted by a mixture of gases which do not react chemically is 
equal to the sum of their individual pressures (partial pressures) 
under similar conditions of temperature. 

.F = Fi+F2+F3+.... ■ 

Partial pressure of a gas = Molar fraction 


Absolute temperature scale or Kelvin scale starts with -273’C 
as zero. ■ 

Absolute temperature (in K) = 273 + f°C 

The absolute zero is that temperature where no. gas can exist. 
; The plots of volume against temperature (at constant pressure) 
are termed as isobars. / ^ 

(iii) Pressure law or Gay-Lussac 1^: At constant 
volume, the pressure of a given amount of a gasVaries directly as 
its absojute temperature. ' 

' , . p P P P 

. ‘ ■, ■ F os.r or — ='Constant or -2- = ^ ^ . 

■ . ' ■ - T T^ T, T^ 


X Total pressure of the gas 

• (vii) Graham’s law of diifosion: #.^e property of gases to 
mix with each other to form homogenSous mixture irrespective of 
gravity is called diffusion, E.ffrisi6n is a special case of diffusion 
in which gas passes through a small aperture. • 

Under similar conditions of temperature and pressure, the 
relative rates .of diffusion of gases are inversely proportional to 
the square root of their densities or Vapour densities or molecular 
masses. This is Graham’s law of diffiision. 
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4. Kinetic theory of gases: The theoiy with the help of 
which behaviour of gases can be inteipreted mathematically is 
termed kinetic theory of gases. The main postulates of the theoiy 
are: 

(a) All gases consist of very large number of small spherical 
elastic particles called molecules. These are in constant rapid 
motion in all directions. 

(b) There is a lot of empty space between the molecules.- The 
actual volume of gas molecules is negligible in con^iarison to 
total volume, of the gas. 

(c) The pressure exerted by the gas molecules is due to its 
recorded by molecules against the walls of containing vessel. The 
collisions between gas molecules are perfectly elastic, ie., there 
is no loss of energy during collisions. 

(d) There is no effective force of attraction or repulsion 
between gas molecules. There is no effect of gravity on the 
motion of gas molecules. 

(e) The average kinetic energy of gas molecules is directly 
proportional to the absolute teni|)erature of the gas; 

On the basis of above postulates, the following equation, 
known as kinetic gas equation, has been derived. 

Pr = ~mnc- 
3 

where, /* = pressure: = volume; m^mass of gas molecules; 
« ^ number of gas rrailecules and c = root mean square speed of 
the gas molecules. 

Also Fr = /tr = ~ mnc^ = - - - mnc^ = - KR 
3 3 ^ 3 

or KE =-i?r = -PF 

2 2 ^ 

'y nj- 

KE of single molecule = — 

* ’ • - 3 

■ 

2 

where, k = Boltzmann ccmstanL 

5. Molecuiaiupeeds: There are diree kinds of speed. 

(a) Root mean square speed: It is the square root of the 
mean of the squares of the ^leeds of all the mole^es present in a 

gas. 


nrB: 


= c= I 

[ 

1 M 


2 2 7 2 

ef+4+cJ +... + c: 


A# I Af 

(b) Average speed: It is the arithmetic mean of speeds of 
the irmlecules present in the gas. 

* a «■! + 

Averse ^peed = - -^ 


\nM 


• (c) Most probable speed: It is the speed possessed by 
majority of the gas molecules. It is equal to 


f 


2RT 

M 


OP (018164 X rms) 


Most probable speedy Average speed: nns ^>eed ' ^ 
::I:1.128: IJ224 

6. van der Waals’ equation: It is an improved form of 
idea! gas equation. It has been derived after applying two 
corrections due to two wTong assumptions in kinetic theory of 
gases. Two correcitions are: 

(i) volume correction, Fj =(F--h)and 

(ii) pressure correction, P; = -F . 

F' 


The equatimi is P -F —- (F - b) = PT for one mole 


and 


P + 




(F - nb)= nRT for‘n’ moles. 


a and b are constants. Units of a are lit^ mor^ or Pa m* 
molT^ and units of b are litre or dm* or m*. This equation is 
applicable to real gases. 

Real gases: These do not obey variotB gas laws strictly 
under aH conditions of temperattiie,and pressure. Deviations are 
large under high pressure and low temperature. 

Ideal gases: These obey laws strictly under all coi^ititNEis. 
Actually no gas is irteal. 

(a) At very low pressure mr at very high ten^jeraftire, F is 
large, so and b can he negl^ed. The equation becomes 

PF = RT, i.e .,the ^s behaves Gke ideal gas. 

(b) At iBSHierate pressure, F is riot so lai^ and-^eamnot he 

neglected. However, h can be neglected, so that we Irave 

a 


P + - 


v=Rr 


pr=RT- 


(c) At high pressure, V is so small that b cannot he n^foct^ 
but afV ^ can be iteglected. Hence, the equation becomes 

F{r~b) = RT . ‘ - 

Fr=Rr+Pb 

(d) In case of H 2 am! He, the internmlecular forces oF 

attraction are iKgligible, ;.e, o is very small, thtf can he 

", F^: 

neglected. The equatirm becrm^ 

P{V-b}=Rt 

Pr=RT+Pb 


= 0.9213 xmK 
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7. CompressibOity factor: The extent of deviation of a 
real gas from ideal behaviour is expressed in terms of 
compressibility factor, Z. / 

PV . 

Z = ; Z is unitless quantity. 

■Y nRT j *■ , 

(i) For ideal gas Z = 1. . 

(ii) For real gas Z 1. . 

When Z < 1, there is negative deviation from i^al behaviour 
and the gas is more compressible than ideal gas. > 

When Z >1, there is positive deviation-frcM^ide^ behaviour 
and the gas is less compressible than ideal gas.*"/ 

8 . Critical phenomenon: (i) Critical tem^rature is that 
temperature above which the gas cannot be liquefied with the 
help of pressure (ii) Critical pressure is the minimum pressure 
required to liquefy the gas at critical temperature (iii) Critical 
volume is the volume occupied by one mole of the gas at its 
critical temperature and critical jpressure. 

F^= 36 ; p,■ 

\ nh^ . ■ 27M 

Boyle’s temperature: It is the temperature above which the 
gas behaves lik& an ideal gas. In terms: of van der .Waals’ 
constants, _ . j • 


eti 


273 


(for all gases) 


At constant pressure, increase in volume of a gas per degree 
rise of temperature per cc of gas at 0°C is called coefficient of 
volume expansion. Similarly, the pressure coefficient Is 
defined as, , , 

Pf _ _J_ 

PaXt 273 


a, 


(for all gases) 


G 


(ii) CO, N 2 ,C 2 H 4 and 82 !!^ have same molar mass (28) and 
show same rate of ditosion under identical cofiditions. 

(iii) Atmolysis is the process to separate two gases on the 
basisfeof difference in their densities and rate of diffiision. 

. (iv) Average molecular mass of air is 29. If a gas has 
molecular mass less than air, it is lighter than air and if it has 
molecular mass greater than air, it is heavier than air, e.g., CI 2 
(71), CO 2 (44) and SO 2 (64) are heavier than air, while H 2 (2), 
He (4), NH 3 (17) and HjO (18) are lighter than air. 

11. Transport phenomena of gases: 

(i) Collision diameter ( 0 ) = Distance of closest approach 
when two molecules are under collision. 


Boyle’s temperature (Tg ) = 


a 

Inversion temperature: It is the temperature to which the 
gas should be cooled so that expansion is accompmed by further 
-cooling. \' ■ ■ ■ ' . 

9. Molar heat capacity: It is the quantity of heat 
required to raise the temperature of one mole of a substance 
diroughl°C.. . ; . 

MoMrheatcapacity —Specific heat capacity x Molar mass 

(i) Molar heat capacity at constant pressure (C ): It is 
the quantity of heat required to raise the temperatore of 1 mole of 
gas through 1®C under constant pressure. It is equal to 

(ii) Molar heat capacity at constant volume (C ^): It is 

the quantity of heat required to raise the temperature of 1 mole of 
gas through 1°C under constant volume. It h equal to ^ i?. 

. :^P ~Cy —R 

a 



For monoatomie ^es. 


=V = l -66 


(ii) Collision number: It is the number of collisions of a 
molecule with other molecules m one second. 

■ ^Inv^^a'^N 
M - 

V 

where, = Average velocity of molecule's 
A = Number of molecules 
F = Volune of molecules . 

(iii) (foUision frequency (Z): It is the number of molecula • 
collisions taking plachper second per unit volume of the gas. 

(iv) Mean free path Xi It is the average distance travelled 

between two successive collisions. • .* 

I 


For diatomic gases. 


and for triatomic gases. 


Cy 

£l 


= 1.40 


%R 

6R / 3 Y 


A 0 = r (at constant pressure) 


Y ’ ^ ^Cp )i + n^Cp 
7]pbrtiire ' 


n 


1 +«2 


10.^'(i) Volume coefficient, 


Vq xt 


Xec.— (at constant temperature) 

A <= — (at constant temperature and pressure) 

a 

12. Liquid state: Liquid state is condensed gas or molten 
solid. Liquids have defmite volume but no definite shape. 
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Liquids diffuse slowly and are almost incompressible. Some 
important properties of liquids are: 

(5) l:ysps>rsi?<}n: It is die spontaneous change in which a ^ 
liquid changes into vapours at the surface of liquid. It increases 
with increase of surface area, increase in teniperature and 
decrease in intermolecular forces. It causes cooling. 

(11)- 'Viipsin' pressure: It is the pressure exerted' by the 
vapours of a liquid^ equilibrium with the liquid at ^ 
given temperature. It increases with increase of tempemture. 
Liquids with low intermolecular forces have high vapour 
pressure. 

I ill) B jiSngpojsf' It is the temperature at which the vapour . 
pressure of a liquid becomes equal to atmospheric pressure. 
Temperature of the liquid remains constant after it Starts boiling 
as the energy supplied increases the potential energy but its 
kinetic energy remains constant. Boiling point changes with the 
pressure of surroundings. 


> 2 ' 

LHy 1 

^1 

0 


2.303iR 

Ur 

Ti. 


where, = latent heat of vaporisation; Pj and P, are vapour 
pressures at Ti and Ti- 

(tv)" Sarisrs teasisn; - It is the force in dyne acting on the 
surface at right angles to any line of unit length. It decreases 
generally with increase in temperature. It is expressed in J m“^ or 
Nm“' ordynecm*'. 

(a) Surface tension is molecular phenomenon of liquid 
involving die force of cohesion among the liquid molecules. 

(b) Maximum potential energy of liquid molecules is on the 
surface. 

(c) Surface tension is numerically equal to the surface energy. 
The work required to increase or extend the surface area by 1 sq. 
cm is called surface energy. 

(d) Surface tension is a scalar quantity. 

(e) Sparingly soluble solutes like soap and detergent decrease 
the surface tension of the liquid. However, fairly soluble solutes 
like sugar and salt inaease Ae siuface tension of the liquid. 

(f) Liquid drops are spherical because liquid surface has a 
tendency to acquire minimum surface area. 

(g) Greater is the intermolecular force, inore is the surface 
tension. 

e.g.. Soap in water < Water < Mercury 

Hz O > Cj Hj OH > CHj OCH3 
GHz OH 

I GHz OH 

GHOH >1 > GHjGHzOH 

I GHzOH E«hanol ^ 

GHzOH . Glycol 

Glycerol ^ 

( v) It is the resistance in a liquid to flow. The 

force in newton per square metre required to maintain a 
difference of velocity of one metre per second between two 
parallel layers of a liquid at a distance of one metre from each 
other is called coefficient of viscosity. It is expressed in g m”' s . 


Or 

The force per unit area required to maintain unit difference of 
velocity between two consecutive parallel layers of the liquid 
which are one centimetre apart. It is expressed in dyne cm”^ s"’ 
or poise. 

The reciprocal of coefficiept of viscosity is called fluidity. 
Liquids mth lew viscosity are termed mobile while others with 
high viscosity are called viscous. Viscosity is high in liquids with 
high intermolecular forces, high molecular masses and having 
branching in the chain of the molecule. Viscosity decreases with 
increase in temperature. 

(vi) Reynold’s nuipber: The nature of flow of a liquid 
through a tube depends on the value of Reynold’s numberW^j. 



'where, r = Radius of the tube 

fr = Average velocity of the fluid 

p = Density of liquid 

T] = Coefficient of viscosity 

Case I: When > 4000, the flow is called turbulent flow. 
Case II: When Wjj <2100, the flow is called larftinar flow. 

13. The solid state: The particles are closely packed and 
are held together by strong intermolecular forces. The particles 
cannot move at random. They have only vibrational motion. 
Solids have definite shape and definite volume. They possess 

, high density and low compressibility. Solids are divided into two 
classes: (i) amorphous solids and (ii) crystalline solids. In 
amorphous solids, the mrangement of building constituents is not 
regular but hapha^d- Their meftjng points are not sharp. These 
are isotropic in nature, ■ t ' 

In crystalline solids, building constituents arrange themselves 
in regular manner throughout the entire threeAiimensional 
network. Crystalline soUds consist of large nuinber of units called 
crystals. A crystal is defined as a solid figure which has definite 
geometrical shape with flat faces and sharp edges. It has a sharp 
melting point and anisotropic in nature. 

14. Types of symmetry in crystals: The total nUmber of 
planes; axes and centres of symmetry possessed by a crystal are 
termed as elements of symmetry. 

(i) Centre of symmefey: It is an imaginary point within the 
crystal such that any line drawn throu^ it intersects the surface 
of the crystal at equal distances in both directions." A crystal 
always possess only one centre of syi^etry. 

(M) Plane of symmetry: It is-an imaginary plane which 
passes through the centre of a crystal andflivides it into two equal 
portions such that one part is exactly the mirrdr image, of the 
other. 

. (Hi) Axis of symmetry: It is an imaginary straight line 
about which, if the crystal is rotated, it will present the same 
appearance more than once during the comply revolutioiL 

A cubic crystaf possesses a total of 23 elements of symmetry. 

15. Space lattice and unit cell; The geometrical form 
consisting of a regular array of points in space is called a space 
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lattice or an array of points showing how molecules, aton« or 
ions are arranged in different sites, in three-dimensional space is 
called space lattice. 

The smallest repeating unit in a space lattice which when 
repeated over and over apiin results in a ciystel of the given 
substance is ternwd pnit cell. A unit cell possesses all tlw 
stwctural pn^rties of th? given ctystal. The edges of the unit 
Cell are designated as’a.hat^ c. and the ang}^ between three 
imaginary axes as a, Pi and Y tes^tively, 

16, Crystal systems; Seven ^pes of basic or primitive 
unit cells have been recogn^ among crystals. These are: 

1, Cubic nsEfesc rfapis:Y*9(f NaChKCl.ZnS 

2, Orthorhwnbic «*b-*c o.?sP“Y = 9(T. KNOa,BaSQ^ 

3, Tetragwal , ■'g=-b*-c a = P=sY = 9(iP 

4, Monoclinic a*b*c MonccUnicsulphur. 

P#S(f CaS 04 - 2 H 20 

5, Trielinic a*b*c a#p#Y*9ff C«S04’SH20. 

’ ' HjROj 

6, Hexagonal (* = p^aflp; 2nO, Agl.SiC * 

, YisJ2flP 

7, Rhomhohedml « «=P = Y i9ep NaNOj.CaCOj 

AH crystals do iwt have simple lattices. There can be 14 
diffeiwt ways in wh^ similar points can be arranged in a three 
diraensicBtal space, Tlfe crystals belonging to a owWc system have 
three kinds of lattices: ’ 

(i) Simple cubic lattice; There are points only at the 
oorwm of each unit; 

(U) ,Face,<entred cubic lattice: There are points at the 

comers as well as at the centre of each of the six faces of the cube. 

(^ BedyTceni^ed ciibici lattice: There are points at the 
eoroW m well as in tie centre of each cube, 

' Type of krttiee point Contribution to or« unit cell 


Comer K 

Edf» ' K 

Face-centre K 

lody-K^entre ” I 


«. Haiii^ of alkali metals except tho^ of Cs, amm^um 
halides, oxides and sulphides of alkalii^ earth metals 
exc^ BeS and halides of silvw exceitt Agl have rock 
salt ^aCl type) structure, 

• CsCl. CsBr, Csl, TiCk TtBsn Til have €^l type structure, 

• CuCk CuBk Ctd, Agk ^ have ®nc blwde structure 

tinStpe), ' • 

• SrCla. Srij, HaClj, BaFj, CdF^, HgFj have fluoaite 
tCaF2)stlttetW' 

• Na^O, KjO, NujS, KjS have anliflutmte (kljO type) 
structure- 

17, Beagg^ law: Wht® X-rays are incident c« a crystal 
fhee, they penetrate into the ciysW and sttike the atoms in¬ 
different planes- From each of the^ planes, X-^ceys are deflected. 


Bragg printed a relationship between the wavelength of the 
X-rays and the distance between the planes, 

«)i. = 2rf sin 0 

Where, n is an integer such as. 1.2,3. X is the wavelength, d is 
the distance between repeating planes of particle and 0 the angle 
of deflection or glancing angle. 

18, £bara(tt(^ticSiOf cnbic systems: 

(i), Number of atoms: per unit cell: (a) Simple cuhjG 
struQture--one atom per unit cell, (b) Face-centi^ cubic 
structure—4 atoms per unit cell and (c) Body-centred cubic 
structure 7-2 atoms per unit cell 

(II) Density of lattice matter = 

AoXa^ 

where,«is the number of atoms in unit cell M is the atomic mass 
or molecular mass. Ao is Avogadro’snumber = edge leirgth 
ofthe cubic unit cell , ^ 

(Ui) Atomic i‘»dius:. 

(a) Simple cubic cell—Radius of atom = - 

3 

(b) Face-centred cubic cell—Radius of atom = —i- 

(c) Body-centred cubic Ibll—Radius of atom = -—a 

.19, Close packing, of constituents: It refers to the 
awangeraent in which constituentaifoccupy maximum available 
space. The two comman types of close packing are; 

(a) arrangement. This gives hexagonal close 
packing. 

(b) .IJC*ARC.„arrangement. This gives cubical close 

packing. * 

In the packing of constituents, some interstitial sites are 
left. These sites are termed voids. The interstitial site between 
four spheres is tetrahedral and between six spheres is octahedral. 

The space occupied by hard spheres in hep; ecp (fee) is 74%; 
in bcc it is 68%c in sin^ cubic it is 52% and in diamond it is 
34%; thus, only fee and hep are close packed structures. 

(i) |»p is present in Be, Mg, Ca, Cr, Mo, V and Zn, 

(ii) cep is present in Fe, Cu, Ag. Au, Pt, Al and Ni. 

(iii) bee is present in alkali metals. 

(iv) All noWe g«®es have ecp structure except helium which 
has hqf» structure. 

Ifspheres are present in packing, then ihe numbers of 
tetrahedral awi octahedral voids are 2i» and » respectively, 

20; Tbeecoordinatioii, number: The nearest neighbours 
with which a given sphere is in contact is called coordination 
numb^, ft depends upon structure. 

(a) Simple cubic structure: coordination number = 6 

(b) Fifie'Centr^ cubie structure; coordination number ~ 12 

(c) Body-ewtred cubie structure: coordination number = 8 
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For ionio solids^ the ratio of the radirts of catioo to that of 
anion is called radin^ ratio^ The radius ratio for a given 
coordination number is f^xed^ 

For radius ratio (0,155- 0,225) coordination number = 3 

For radius ratio (0.225- 0.414) coordination number=4 • 

For radius ratio (0,414r- 0.732) coordination number == 6 

For radius ratio (0,732-1.0) coordination number = 8 

• ■ 

21. Ifypes of crystals: 'Depending upon the nature of 

forces that hold the constituent particles together in the crystel 
lattice, crystals are classified into four types; , 

(i) Ionic crystals: The forces are electrostatic. The lattice 
points are occupied by positively^d negatively charged ions.' 
These crystals as-e quite hard, have low volatility aad have high 
melting and boiling points. These are insulators but become good 
conductors in molten state. These arc soluble in polar solvents 
and highly brittle in nature. NaCl, KCl, BaCl 2 , etc., belong to this 
class. ‘ 

(ii) Covalent crystals:' The Constituent particles.are the 
atoms of same or different elements which are held by strong 
covalent bonds. These solids are very hard and have very high 
melting points. Diamond and carborundum belong to this class, 

(iii) ; Metallic crystals: The metallic crystals have positive 
metal ions as lattice points surrounded by a sea of mobile 
electrons, Each electron belongs to a number of positive ions and 
each positive ion belongs to a number of electrons. The force that 
hinds a metal ion to a number of electrons is known as metsJlie 
bond. Metallic crystals mostly belong to fee, bee and hep 
systems. These are good conductors, possess lustre and are hard, 
tough, malleable and ductile in nature. 

‘ (iv)^ Molecular crystals; The constituentunits of molecular 

crystals are molecules. The forces holding the molecules are 
weak van der Waals' fqrces. Molecular soj^ds are soft and 
vaporise easily. These are bad conductors of electricity and 
possess low density. Examples are ice, solid, CO 2 , etc, 

22. Defects in crystals: An|deal crystal is the one which 
has the same unit ceU^ntaining the same lattice points 


throughout the whole of the crystal. At absolute *ero, the crystals 
are ideal J»ut with rise in temperature, there is a chance of 
distortion, Tl» defect may H at a point along a line or over a 
surface. 

(i) SchQttky defect: This defect is caused if some of the 
lattice points are unoccupied. The points which are unoccupied 
are called vacancies or holes. The number of missing positive and 
negative ions is the same and, thus, the crystal is neutral. Such 
defect is common in ionic conqmunds with high coordination 
number where the cations and anions are of similar si 2 e, e.g,. 
NaCl,KCl,KBr,etc. 

(Ii) Frenkel d(j||^: This defect is caused when some of the 
ions of die lattice occupy mterstitial sites leaving lattice sites 
vacant. This defect a(^)ear$ generally in ionic crystals in which 
aniem is much larger in size than th»cation, e.g.. AgBr, ZnS. 

^ In Schottky defect, density decreases while in Frenkel defect it 
tenpins fire same. In boftr the defects, electrical conductivity is 
observed to some extwt. The overall ghemical composition of 
dre subsftmce does not change. Howei^j^, there are other defects 
in which there is change in overall chemical combination. Such 
defects are termed BQ<r«toleldometrie defects. In such crystals, 
there is^cess of eitlter positive particles or negative particles. 
However, the crystal is neutral in nature. 

Positive particle excess defects: (i) A negative ion may Ee 
missing ftom dte lattice site which is occupied by an ectra 
electrem. (ii) An extra positive particle is present in the interstitial 
position. To maintain neutrality, an extra electron also occupies a 
place in dte interstitial spac^. Such crystals are usually coloured 
and semiconductors. 

Positive particle deficiency defect: One of the jmsitive 
particles may be missing ftom its lattice site. 'Ore extra negative 
charge may be balanced if a nearby positive particle acquires 
extra positive charge. Such crystals are also semiconductors. 
Examples are FeO, FeS, NiO, etc. 

Certain defects in crystals arise due to |»esence of chenucal 
impurities. These are known as impurity defects. 
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[H] Match the ciystallines, solids in Golnmn-I with packing 
arrangement in Column-II; 

Columii-I CoIumn-II 

(a) CaF 2 (p) Cations are in cq) arrangement 

(b) NaCl (q) Anions are in tetrahedral voids . 

(c) ZnS , (r) Anions are in ccp arrangement 

(d) NajO (s) Cations are in octahedral voids 

[I] Match the crystal system in Column-I with unit cell 
dimensions in Column-II: 


Column-I 

(a) Cubic 

(b) Rhombohedral 

(c) Orthorhombic 

(d) Triclinic 


Column-II 

(p) d = b = c 

(q) a=p=Y = 90P 

(r) a* b* c 

(s) a P # Y 90° 


[J] Match the crystal system in Column-I with Bravais lattice 
in Column-II: 




Column-I 


(Crystal System) 


(a) Cubic . 

(P) 

(b) Hexagonal 

(q) 

(c) Tetragonal 

(r) 

(d) Orthorhombic 

(s) 


Column-II 
(Bravais lattice) 
Primitive only 
Priinitive, body centred • 
Primitive, face centred, body 
centred 

Primitive, face centred, body 
centred and end centred 


[K] Match the Colunm-I with Coiumn-II: 

Column-I Column-II 


(a) Root mean square velocity 

(P) 

lor 

iv 

(b) Average velocity 

■ 

(q) 

bpr 

i m 

(c) Most probable velocity 

(r) 

jW 

ynd 

(d) Velocity possessed by 



maximum fraction of 
molecules 

(s) 

M m 



1. [A] (a — p, s); (b — p, q); (c — q, r); (d — r, s) 

[B] (a-s); (b -p);{c-r); (d-q) 

[C] (a —p, q, r); (b — s); (c — p, q, r); (d — s> 

[D] (a — p); (b — p); (c — q„ r); (d — s) 

[E] (a — p); (b — p); (c — q, r); (d — s) 

[F] (a — p, q, s); (b — p, s); (c — r); (d — r) 


[G] , (a — p, r); (b — q); (c — p, q); (d — p, s) 

[H] (a —p,q);(b —r,s); (c —q); (d —q) 

[I] (a —p,q);(b —p);(c — q,r);(d — r,s) 

[J] (a-r); (b ^ p); (c-q); (d - s) 

[K] (a — p, q); (b — r); (c — s); (d — s) 



Practice Problems • 



1. A gas occupies a volume of 250 cm^ at 745 torr and 25°C. 
What additional pressure is required to reduce the gas volume 
to 200 cm^ at the same temperature? 

[Abs. 186.25 torr], 

2. A vessel of 120 cm^ contains a certain mass of a gas at 20°C 
and 750 toix pressure. The was transferred to a vessel of 
volume 180 cin^. Calculate the pressure of the gas at the same 
temperature. ■ 

[Ans. 500 torr] - 

3. A gaseous system has a volume of 580 cm^ at a certain 
pressure. If its pressure is increased by 0.96patm, its volume 
becomes 100 cm^. Determine the pressure of the system. 

[Ans. 0.2 atm] 

[Hint: P x 580 = (P+ 0.96)100] 

4. A gas filled freely collapsible balloon is pushed from the 
surface level of a lake to a depth of 50 m. Approximately what 
per cent of its original volume will the balloon finally have, 

, assuming that the gas behaves ideally and temperature is same 
at the surface and at 50 m depth? 


[Alts. 17.13] 

[Hint: P, = Pressure at the surface = 1 atm 
= 76.0 X 13.6 X 981 dyne/cm^ 

P 2 = Pressure at a depth of 50 m 

= 76.0 X 13.6 X 981 - 1 - (50 x 100) x 1 x 981 dyne/cm^ 

= 981 [76.0x13.6 -I- 5000] 

= 981X (6033.6) dyne/cm^ 

Now apply Boyle's lawj P.V, = PF, 

F, F 2 981x6033.6 
% = 0.1713x100 = 17.13] 

5. A sample of gas at room temperature is placed in an evacuated. 
bulb of volume 0.51 dm^ and is found to exert a pressure of 
0.24 atm. The bulb is connected to another evacuated bulb 
whose volume is 0.63 dm^. What is the new pressure of the 
gas at room temperature? 

[Ans. 0.1074 atm] 
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6. It IS desired to increase the volume of 800 cm^ of a gas by 20% . 
keeping the pressure constant. To what temperature should the 
gas be heated, if the initial temperature is 22°C? 

[Ans. 81°.C] 

7. A chamber of constant volume contains hydrogen gas. When 
the chamber is immersed in a bath of melting ice {0°C) the 
pressure of the gas is 800 torr. What pressure will be indicated 
when the chamber is brought to 100®C? 

[Ans. 1093 torr] 

8. Calculate the volume occupied by 4,045 x 10'’ molecules of 
oxygen at 27'’C and having a pressure of 700 torr, 

[Ans. 17.97 dm^] 

ru- * XT 1 » « 4.045x10^^ - „ 700 _ 

[Hint: No. of moles'« =- „ - 0-672; P ~ — atm 

6.023x10^^ 760 

Now use the gas equation, PF =ii»i?J] 

9. Calculate the moles of hydrogen present in a 500 cm^ sample 
of hydrogen gas at a pressure of760 nun of Hg and 27“C. 

[Ans. 2.03 X10-2 mol] 

[Hint: 500 cm^ = 0,5 L. 760 mm of Hg = I atm. Now apply the 
gas equation, n = ^ ] 

10. Calculate the volume occupied by 4 mole of an ideal gas at 
2,5 X 10? Nm-2 pressure and 300 K temperature, 

[Ans. 39.9 dm^] 

[Hint: V ~ ^ . Given. « = 4; It = 8.314 Nm R-' moC'; 
r = 3Q0:P«2.5xlO^Nm-2] ^ 

11. What is the volume occupied by 11 g of carbon dioxide at 
27®C and 780 mm of Hg luessure? 

[Ans. 6 litre] 

(Hint: 780mmofHg=-atm;w®llg;M = 44gmol-*. 

760 

Now applv K = —'—] 

At P 

12. A certain quantity of a gas occupies 200 mb when collected 
ov« wato at 1 S®C and 145 mm pi^ure. It occupies 182.6 mb 
in dry state at NTP, Find the vapour pressure of water at 15°C. 
[Ans. 13 mm] 

13. The density of a gas is found to be 2.07 g L"' at 30‘’C and 2 
atmospheric pressure. What is its densi^ at NTP? 

[Ans. 1.149 gL-'l 

pint: Awply Pi^^ pK ^ PTy 
m ' m " 

So, 

£>,r, 

14. At dta K 4 P of a mountwo. die therummeter reads D°C and the 
barometer reads 100 ««« Hg. At the bcrttom of the mcmntain 
the diermcmtater reads 30®C ami the ^essure 760 mm Hg. 
Compare the «te«sity of the air at the top with that at the 
bottom. 

[Ans. KCe: 1] 

pint; Dwsity is inversely ptoportional to vcdume. 

To m 303x700 fa> 
n "i; 4" 213 x 760" 1 


15. Calculate the volume occupied by 5 g of acetylene gas at 50°C 

and 740 mm of pressure. (HT 1991) 

[Ans. 5.23 litre] 

16. Calculate the volume occupied by 7 g of nitrogen gas at 27°C 

and 750 mm Hg pressure. (MLNR 1992) 

(Ans. 6.24 litre] 

17. A spherical balloon of 21 cm diameter is to be filled up with 
hydrogen at NTP from a cylinder containing the gas at 20 atm 
and 27°C. The cylinder can hold 2.82 litre of water at NTP. 
Calculate the number of balloons that can be filled up. 

(MLNR 1991) 


[Ans. 10] 

pint: Volume of one balloon 





j 

I =4851cm^ 


= 4.851 litre 


Let » balloons he filled; thus, total volume of hydrogen used in 
filling balloons 

= 4.851X n litre 


Total volume of hydrogen in the cylinder at NTP, 
V = 20 x 2.82 x 273 ^ ^^4 Hfte 

300x1 


Actual volume of Hjlo be transferred to balloons 

= 51.324 - 2.82 (2.82 litre retained in the cylinder) 
= 48.504 litre 

No. of balloons filled ‘n* = = 10] 

4.851 

18. An open vessel at 27°C is heated until three-fifth of the air in it 

has been expelled Assuming that tte volunre of the vessel 
remains constant, find the temperature to which the vessel has 
been healed? (MLNR 1990), 

[Ans. 47T“C1 

pint: Both volume and picture arc constant as the vessel is 
qpen, 

f.u, n^RTi - iijifli 

Hj J 2 . 

or 3 =-, 4 . 

»> J] 

If «,=1, », = 1-|=| 

5 5 

, So, - = ^orT, = 750K=47rC] 

2 300 - 

19. A gaseous mixture of He awl (X is found to have a density of 
0,518 g L"* at 2?’C mxi 720 torr. What is the per cent by mass 
of helium in this mixtnre? 

[Ans. 19.88] 

pint: First detennme the average molecular mass and then 
nundier of males of helium and oxygen. 

M«4es ofhelipm = 0.665; Motes ofoxygen = 0.335 

Mass per cent of tttlium =- 4 x 0.665 -x 100 

4 x 0.665 + 32 x 0.335 


= 19.88) 

20. A smrgite of natural gas is 852% methane aod 14.8% ethane 
by mass. Wteta the density of this mixture at l8°Ca«id748 
mmHg? 

[Ans. 0,74gl-‘] 
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[Hint: Molecular mass of mixture, 

oc ^ 14 R * 

M = — X 16 + -^'X 30 = 13.632 + 4.44 = 18.07 
100 100 


PM = dRT 

, PM 748 18.07 ,_i, 

j X-— = 0.74 g L ] 

RT 760 0.0821x291 ■ 

21. 125 nC of a gas J of pressure 500 mm is mixed with 200 itiL 
of another gas # at a pressure of300 mm in a vessel of 150 mL 
capacity. What will be the total pressure of the resulting • 
mixture if the temperature is kept constant? 

[Ans. 816.67 mm] 

22. Two vessels whose volumes are in the ratio 2 : 1 contain 

nitrogen and oxygen at 800 mm and 680 mm pressures 
respectively, when they are connected together what will be 
the pressure of the resulting mixture? * 

[Ans. 760 mm] 

23. A 10 litre flask at 298 K contains a gaseous mixture of CO and 
CO 2 at a total pressure of 2 atm. If 0.20 mole of CO is present, 
find its partial pressure and also that of COi. 

[Ans. Partial pressure of CO = 0.49 atm; partial pressure of 
COj =1.51 atm] 

24. Calculate the total pressure in a mixture of 4 g of oxygen and 
3 g of hydrogen confined in a total volume of one litre at O^C. 

(MLNR 199.1) 

[Ans. 25.18 atm] 

[Hint; Determine total number of mol?s and then apply 


25. A gas cylinder contains 55% nitrogen, 20% oxygen and 25% 

carbon dioxide by mass, at 760 mm pressure. Calculate the 
partial pressure of each gas. ■ • 

[Ans. 472.8 mm, 150.44 mm, 136.74 mm] 

26. The density of a mixture of Nj and O 2 at NTP is 1'.3 gL“‘. 
Calculate partial pressure of Oj. 

tAns. 0.28 atm] 

[Hint: Let «i and itj moles of Nj and O 2 be present in the 
mixture respectively. 

, , , .. 1 . 28/1, + 32/1, 

c Average molecular mass of the mixture =- - -* ... ( 1 ) 

/i,+ /I 2 

Average molecular mass from general gas equation, 

M = ~xRT-—x 0.0821 x 273 = 29.137 ... fii) 

PI 


So, 


3l!!l±i,g& = 29.137‘or 

«1 + / I2 ■ / 1 | +./12 


1.137 


or ' —3— = 0.28 =.mole fraction of oxygen ■ 

«i + «2 . ■ 

Partial pressure of O 2 = 0.28 x 1 = 0.28 atm ] 

27. At a definite pressure and temperature, 100 mL of hydrogen 
diffused in 20 minute. How long will 40 mL of oxygen take to 
diffuse under similar conditions? 

[Ans. 32 minute] 

28. At a given temperature and pressure, 20 mL of air diffused 
through a porous membrane in 15 second. Calculate the 
volume of carbon dioxide which will diffuse in 10 second if 
the vapour density of air is 14.48. 

[Ans. 10.8 mL] 


29. At room temperature, ammonia gas at one atmospheric 
pressure and hydrogen chloride at P atmospheric pressure are 
allowed to effuse through identical pinholes from opposite 
ends of a glass tube of one metre length and uniform cross 
reaction. NH 4 CI is first formed at a distance of 60 cm fiom the 
end through which HCl gas is sent in. What is the value’of P ? 
[Ans. 2,198 atm] 

[Hint:^ = ,|SLxjQ«] 

l| ^HCI 4(H3 

30. The rate of effusion of an unknown gas( X) through a pinhole 
is found to be 0.279 times the rate of effusion of hydrogen gas 
through the same pinhole, if both are af STP. What is the 
molecular mass of the unknown gas? [CEE (Bihar) 1991 ] 
[Ans. 25.69] 

31. In a 2 m long narrow tube, HCl is allowed to diffuse in the tube 
from one end and NHj from the other end. If diffusion is 
started at the same time, predict at what point the white fumes 
of NH 4 CI will form? 

[Ans. NH 4 CI will form at 1.1886 m from the NHj end of the 
tube] 

32. The composition of air is approximately 80% N 2 and 20% O 2 
by mass. Calculate density of air at 293 K and 76 cm Hg 
pressure., ' 

[Ans. 1.19 gL-'] 

[Hint: D,etermine first average molecular mass of air and then 

, ^ PxM.^ , 

apply D= 1 

33. Calculate the internal energy of one gram mole of nitrogen at 
150°C assuming it to be an ideal gas. 

.[Ans. 5.275x 10''’erg] 

34. Calculate the kinetic energy of 5 mole of a gas at 27°C in erg 
and calorie. 

[Ans. 1.8706 x lO" erg, 4477 cal] 

35. A glass tumbler containing 243 mL of air at 100 kPa and 20®C 
. is turned upside down and immersed in a water bath to a depth 

of 20.5 metre. The air in the glass is compressed by the weight 
of water above it. Calculate the volume of air in the glass 
assuming the temperature and the barometric pressure have 
not changed. ^ 

[Ans. 80.7 mL] 

[Hint: Hydrostatic pressure = hxd xg 

■= 20.5 X 1 x 9.81 
i 201.105 kPa 

Inside the water bath atmospheric pressure and hydrostatic 
pressure acts: • 

^otai = 100+ 201.105 = 301.lOSkpa 

Piyi=m 

100 X 243 = 301.105 xFj 
^2 = 80.70 mL] 

36. Calculate the rm speed, of the molecules of ethane gas of 
volume 1,5 litre at 750 mm of Hg pressure. 

[Ans. .1.225 x 10“ cm/sec] 

■ 37. The 'density of a gas at 1.5 atm is 1.52 g L"'. Calculate the rms 
speed of the molecules of the gas. 

[Ans. 5.476 x 10“ cm/sec] 
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38. At what temperature will the rms speed of hydrogen be the 
same as that of oxygen at 25°C? 

[Ans. 18.62 K or - 254.38° C] 

39. Calculate the average rms and most probable speed of SO 2 
molecules at 27°C. 

[Ans. 3.15 X 10“* cm/sec, 3.419 X 10“* cm/sec, 

2.792 X 1 O'* cm/sec] 

40. The average speed at temperature and most probable speed 
atT 2 of CO 2 gas is 9x 10“* cm/sec. Calculate the values of 
7] and T 2 . 

[Ans. 1682.5 K, 2143.4 K] 

41. How many times would the average molecular speed of 
nitrogen increase as its temperature is raised from - 73°C and 
127°C? 


A chamber contains monoatomic ‘He’ at STP, determine its 
number density. 

[Ans. 2.68 X 10^® m'^] 

p 

[Hint: Number density = — 

(where, k = Bolt^ann constant) 

PV^nRT 

= (n X N ) — r 
■ N 

= {nxN)kT 
P ny> N 

— =-= number density 

kT K , . 

Number density =- 101 ^ IQ -_ j jq25 ^^^-3 j 

1.38x10“^^ X 273 
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48. 


[Ans. 1.414 times] 

42. A 4 : 1 molar mixture of He and CH 4 is contained in a vessel at 

20 bar pressure. Due to hole in the vessel the gas mixture leaks 
out. What is the composition of the mixture effusing out 
initially? ' (ilT1994) 

[Ans. 8:1] 

[Hint: Partial pressure ratio ofHeand CH 4 is 16 :4. 

For diffusion = I x 

''CH4 V PCH4 

-^ = .(i^xl^ = 8 

”ch 4 V 4 4 

i.e, mole ratio of diffusion for He and CH 4 is 8 : 1.] 

43. Pure O 2 diffuses through an aperture in 224 second, whereas 
mixture of O 2 and another gas containing 80% O 2 diffuses 
from the same in 234 second. What is the molecular mass of 
gas?' 

[Ans, 46.6] 

44. 56 g of nitrogen are confined to a 6 litre flask at 37°C. 
Calculate its pressure using van der Waals’ equation fpr 
nitrogen, a = 4.17 atm litre^ mol”^ and b = 0.037 litre moF*. 
[Ans. 8.1175 atm] 

45. One mole of carbon dioxide was found to occupy a volume of 
1.32 litre at 48°C under a pressure of 16.4 atm. Calculate the 
pressure that would have been expected from: 

(i) the ideal gas equation, 

(ii) van der Waals’ equation. 

(a = 3.59 atm litre^ mor*; i = 4.27 X 10"^ litre mol"' 
and R = 0.0821 litre-atm K"' mol"*) 

[Ans. (i) 19.96 atm (ii) 18.64 atm] 

46. C^lcjflate'^the compressibility factor for SO 2 , if 1 mole of it 
occupies 0.35 litre at 300 K and 50 atm pressure. Comment on 
the result. 


[Hint: Z — 


PV 

nRT 


50x0.35 

1x0.0821x300 


0,711 


Since, Z < 1; the gas SO 2 will be more compressible than ideal 
gas.] 

47. The average velocity of gas molecules is 400 m/ sec. Calculate 
its rms velocity at the same temperature. (IIT 2003) 

[Ans. 434 m/sec] 


49. Two perfect gases at absolute temperature Tj and T 2 are mixed. 
There is no Ibss of energy. Find the temperature of the mixture 
if masses of molecules are mj and m 2 and the number of moles 
.ofthe gases are «, and n 2 respectively. 


[Ans. T = 


n{r^ + n^2 


] 



[Hint: 


Let final Temperature is T 
I ^ = -^ («i + fhW 


«l + «2 


50. van der Waals’ constant ‘ b' for oxygen is 32 cm^/mol. Assume 
b is four times the actual volume of a mole of “billiard-ball” 
O 2 molecules and compute the diameter of an O 2 molecule. 

51. The speed of ten particles in metre/sec are 0,1,2, 3,3,3,4,4, 
5 and 6 . Find (a) average speed (b) the root mean square speed 
(c) most probable speed. 

[Ans. = 3.1 m sec"’, = 12.5 m sec"', c^p = 3 m sec"'] 


52. Using van der Waals’ equation, calculate the constant ‘a’ when 

two moles of a gas confined in a four litre flask exerts a 
pressure of 11 atm at a temperature of 300 K. The value of ‘/i’ 
is 0.05 litre mol"', (IlT 1998) 

[Ans. 6.46 atm litre^ mol"^] 

53. (a) Calculate the pressure exerted by 5 moles of CO 2 in one 
litre vessel at 47°C using van der Waals’ equation. Also, report 
the pressure of the gas if it behaves ideally in nature. Given 
that a = 3.592 atm litre^ mol"^, b = 0.0427 litre mol"'. 

(IIT 2002) 

(b) If volume occupied by CO 2 molecule is negligible, then 
calculate the pressure exerted by one mol of CO 2 gas at 273 K. 

(Ilf 2000) 

[Ans. (a) 77.218 atm, 131.36 atm and (b) 0.9922 atm] 

54. A compound alloy of gold and copper crystallises in a cubic 
lattice in which gold atoms occupy comers of cubic unit cell 
and copper atoms occupy the centre of faces of cube. What is 
formula of alloy compound? 

[Ans. AUCU 3 ] 


55. A compound formed by elements A and B crystallises in the 
cubic stmcture where A atoms are at the comers of the cube 



and B atoms at the centre of the cube. What is the formula of 
the compound? 

[Aes. AB] 

55 A fee element (atomic mass = 6(5 has a cell edge of 400 pm. 
What is its density? 

[A as. 6.23 gcnT^] 

[Hict: Apply density = ^ ^ ^ ,Z = 4 and F = (4 x 10”*)^ 
W(,xF 

cm^(l pm =10"*^ m =10-“ cm)] 

5 ” . The face-centred unit cell of nickel has an edge length of 
352.39 pm. The density of nickel is 8.9 g cm*^. CMculate the 
value of Avogadro’s number. The atomic mass of nickel is 58.7 
and 1 pm is equal to 10"“ cm. 

[Aes. 6.029 x 10^^] 

58 . The unit cell of aluminium is a cube with an edge length of 
405 pm. The density of alumipium is 2.70 g cm-^. What type 
of unit cell of aluminium is? 

[ Aas. The unit cell is face-centred] 

[iiini- Apply the formula, density = and find the Value 

NqXV 

ofZ.] 

59- A substance forms face-centred cubic crystals. Its density is 
1.984 g cm^^ and the edge length of the unit cell is 630 pm. 
Calculate the molar mass of the substance. 

[Aas. 74.70 g moF^] 

50 ’, Molybdenum forms body-centred cubic crystals whose 
density is 10.3 g cm”^. Calculate the edge length of the unit 
cell. The molar mass of Mo is 95.94 g mol"*. 

[.ins. 313.9 pm] 

>51. An element crystallises in a structure having a fee unit cell of 
an edge 200 pm. Calculate its density if 200 g of this element 
contains 24 x 10^^ atoms. 

[Aes. 4.166 gem-’] 

[Htrrt: Molar mass= —^ 6.023 x 10^’ = 50.19 g mol"' 
24x10^’ 

For fee, Z = 4, F = a’ = (200 x 10“'®)’ 

Apply density = --- ] 

JVgXF 

62.' The element chromium exists in bcc lattice with unit cell edge 
2.88 X 10'“ m. The density of chromium is 7.2 x lO’ kg m"’. 
How many atoms does 52 x lO-"* kg of chromium contain? 
[ae£. 6.04x10”] . '• 

53, A cubic solid is made up of two elements P and Q. Atoms Q 
are present at the comers of the cube and atoms P at the 
body-centre. What is the formula of the compound? What are 
the coordination numbers of P and Q? 

■ [AA. FG,8,8] 


S4. A metallic element crystallises into a lattice containing a, 
sequence of layers of AB AB AB ... Any packing of spheres 
leaves out voids in the lattice. What percentage by volume of 
this lattice is empty space? (IIT1996) 

[Ade. 26%] ■ ‘ 

65. A lead(II) sulphide crystal has an NaCl stmeture. What is its 
density? The edge length of the unit cell is 500 pm. 
Wg = 6.023 X ,10^’; atomic mass; Pb = 207.2, S = 32. 

[A.as.. 12.708 gem'’] 

£ 6 . The unit cell of metallic gold is face-centred cubic. 

(a) How many atoms occupy the gold unit cell? 

(b) What is the mass of a gold unit cell? 

(a) 4 atoms (b)1.308 x 10^‘g] 

67. Polonium crystallises in a simple cubic unit cell. It has atomic 
mass 209 and density 91.5 kg m"’. What is the aige length of 
its unit cell? 

[Aee, .15.59x 10'® cm] 

f?S. The unit cell of nickel is a face-centred cube. The length of its 
side is 0.352 nm. Calculate the atomic radius of nickel. 

[abs. 0.124nm] ■ 

€9 . Determine the simplest fdnnula of an ionic compound in 
which cations are present at the comers and the anions occur at 
the centt-e of each face. 

[Aas, 4^3; A and B are cation and anion respectively.] 

79. Sodium metal crystallises in a body-centred cubic lattice with 
cell edge, a = 4.29 A. What is the radius of sodium atom? 

(IIT .1994) 

[Acs. 1.8576 A] 

[Rtet: 4r = V3a] • 

7 f. If three elements P, Q and R crystallise in a cubic type lattice 
with P atoms at the comers, Q atoms at the cube centre and R 
atoms at the edges, then write the formula of the compound. 
[.aba PQR ^ 

"it. The first order reflection of the beam of X-ray firom a given 
crystal occurs at .5° 15'. At what angle will be the third order 
reflection? 

^ [Aas. 15° 56'] 

- 73. The figures given below show the location of atoms in three 
crystallographic planes in a fee lattice. Draw the unit cell for 
the corresponding structure and identify these planes in your 
diagram. . ( 1112000 ) 

999 ooo 

(W) oexD 
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The rate of diffusion of methane at a given temperature is 
twice that of gas JST. The molecular mass of gas X is: 

(IIT 1990; MLNR 1995) 

(a) 64.0 (b) 32.0 (c) 4.0 (d) 8.0 

Some moles of O 2 diffuse through a small opening in 18 
second. Same number of moles of an unknown gas diffuse 
through the same opening in 45 second. Molecular mass of the 
unknown gas is: 


(a) 32 X 


(45/ 
( 18 )' 
(c) (32f X ^ 


(b) 32 X 


(18)' 


(d) (32)' X 


(45)^ 
18 


45 


A bottle of dry ammonia and a bottle of dry hydrogen chloride 
connected through a, long tube are opened simultaneously at 
both the ends. The white ring first formed will be: 

(a) at the centre of the tube 

(b) near the ammonia bottle 

(c) near the HCl bottle 

(d) throughout the length of the tube 

0.5 mole of each H 2 , SOj and CH^ are kept in a container. A 
hole was made in the container. After 3 houre, the order of 
partial pressures in the container will be : 

ICET (Karnataka) 2009] 

( 3 ) Psoz > PCH 4 > Ph 2 0^) Ph 2 ^ PSO 2 > PCH 4 

(9) Ph2 ^ PCH4 > PSO2 ^S02 ^ ^H2 ^ /’CH4 

The mass of 6.02 x lO'^ molecules of CO is: 


(a) 28 g (b) 14 g (c) 7.0 g (d) 56 g 

10 g of hydrofluoric acid occupy 5.6 litre of volume at NTP. 
The empirical formula of the gas is HR The molecular formula 
of the gas will be (At. mass of fluorine = 19): 

(a) H 4 F 4 (b) HF 

(c) H 3 F 3 (d) Hjly 

A fire extinguisher contains 4.4 kg of CO 2 . The volume of 

CO 2 delivered by this fire extinguisher at room temperature is: 

(a) 24.5 litre (b) 100 x 24.5 litre 

(c) 10 X 24.5 litre (d) 1000 x 24.5 litre 

The number of moles of Hj in 0.224 litre of hydrogen gas at 

STPis: (MLNR 1994) 

(a) 1 (b) 0.1 (c) 0.01 (d) 0.001 

A gas has a vapour density 11.2. The volume occupied by 1 g 

of the gas at NTP is: 

(a) IL (b) 11.2L (c) 22.4L (d)4L 

“The total pressure exerted by a number of non-reacting gases 
is equal to the sum of partial pressures of the gases under the 
same conditions” is known as: 

(a) Boyle’s law (b) Dalton’s law 

(c) Avogadro’s law (d) Charles’law 

Equal masses of methane and oxygen are mixed in an empty 
container at 25°C. The fraction of the total pressure exerted by 
oxygen is: 

1121 273 

(a) - (b) - (c) - (d) - X irf 

3 '2 3 3 298 


Equal masses of methane and hydrogen are mixed in an empty 
container at 25°C. The fraction of the total pressiue exerted by 
hydrogen is: 
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(a)i 


(b) 


(c) 


(d) 


9 

16 


2 

9 ' ' 17 

35. A gaseous mixture of 2 moles of A, 3 moles of.S, 5 moles ofC 
and 10 moles of D is contained in a vessel. Assuming that 
gases are ideal and the partial pressure of C is 1.5 atm, the total 
pressure is: 

(a) 3 atm (b) 6 atm (c) 9 atm (d) 15 atm 
[Hint: 5 moles ofC produce pressure 1.5 atm; therefore partial 

pressures of D = 3 atm, fi = — x 3 = 0.9 atm and 


5 


0.6 atm] 


36. 50 mL of a gas diffuse through a membrane in the same time 

as for the diffusion of 40 mL of gas B under identical 
conditions of pressure and temperature. If the molecular mass 
of A is 64; that of B would be: (CBSE 1992) 

(a) 100 (b) 250 (c) 200 (d) 80 

37. 3.2 g of oxygen (At. mass = 16) and 0.2 g of hydrogen (At. 
mass 1) are placed in a 1.12 litre flask at 0°C. TTie total 
pressure of the gas mixture will be: 

(a) 1 atm (b) 2 atm (c) 3 atm 

38. Select the correct statement: 

In the gas equation,-PF = nRT 

(a) «is the number of molecules of a gas 

(b) n moles of the gas have volume V 

(c) V denotes volume of one mole 

(d) P is the pressure of the gas when only one mole of gas is 
present 


(CBSE 1992) 
(d) 4 atm 

(CBSE 1992) 


39. The density of a gas at 27 °C and 1 atm is d. Pressure 

remaining constant, at which of the following temperatures 
will its density become 0.75d? (CBSE 1992) 

(a) 20°C (b) 30=’C (c) 400K (d) 300K 

40. If 4 g of oxygen diffuse through a very narrow hole, how much 
hydrogen would have diffused under identical conditions? 

(c)ig (d)64g 
4 


41. A closed vessel contains equal number of hydrogen and 
nitrogen molecules. The total pressure is 740 mm of Hg. If N 2 
molecules are removed, the pressure would become/remain: 

(a) double of 740 mm of Hg 

(b) one-ninth of 740 mm of Hg 

(c) tinchanged 

(d) one-half of 740 mm of Hg 

42. The pressiue P exerted by a mixture of three gases having 
partial pressures Fj, P^ and P 3 is given by: 

(a) P = P,+.P 2 -P 3 (b) P = 3 /P, +P 3 + P 3 

(c) P = P,-P 3 +P 3 (d) P = Pi+P 3 + P 3 

43. Two sealed containers of same capacity at the same 
temperature are filled with 44 g of hydrogen gas in one and 44 
g of CO 2 in the other. If the pressure of CO 2 is 1 atm, what is 

• the pressure in the hydrogen container? 

(a) 1 atm (b) Zero atm (c) 22 atm (d) 44 atm 


(a) 16 g (b) 1 g 
w/2 )M, 


[Hint: 


4/32 VM, 


O2 


'H, 
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44. Absolute zero is the temperature where all gases are expected 
to have: 

(a) different volumes (b) same volume 

(c) zero volume (d) none of these 

45 . If a gas is heated at constant pressure, its density; 

(a) will decrease (b) will increase 

(c) may increase or decrease (d) will remain unchanged 

46. Density of neon will be highest at: 

(a) STP (b) 0°C, 2 atm 

(c) 273'‘C, 1 atm (d) 273°C, 2 atm 

47. Equal masses of ethane and hydrogen are mixed in an empty 

container at 25°C. The fraction of the total pressure exerted by 
hydrogen is: (IIT 1993) 

(a) 1 :2 (b) 1; 1 (c) 1 : 16 (d) 15 : 16 

48. According to kinetic theory of gases: 

(a) there are intenriolecular attractions 

(b) molecules have considerable volume 

(c) there is no intermolecular attraction 

(d) speed of molecules decreases for each collision 

49. Postulate ofkinetic theory is: 

(a) atom is indivisible 

(b) gases combine in simple ratio 

(c) there is no influence of gravity on the molecules of the gas 

(d) none of the above s 

50. Which of the following statements is not consistent with the 
postulates ofkinetic theory of gases? 

(a) Gases consist oflargemunber of tiny particles 

(b) Particles are in constant motion 

(c) All the particles have same speed 

(d) Pressure is due to hits recorded by particles against the 
walls of containing vessel 

51. A helium atom is two times heavier than a hydrogen molecule. 
At 298 K, the average kinetic energy of a helium atom is: 

(a) two times that of a hydrogen molecule 

(b) four times that of a hydrogen molecule 

(c) half that of a hydrogen molecule 

(d) same as that of a hydrogen molecule 

52.. The kinetic theory of gases predicts that total kinetic energy of 
a gas depends on: 

(a) pressure of the gas 

(b) temperature of the gas 

(c) volume of the gas 

(d) pressure, temperature and volume of the gas 

53. If a gas is allowed to expand at constant temperature then: 

(a) number of molecules of the gas decreases 

(b) the kinetic energy of the gas molecules decreases 

(c) the kinetic energy of the gas molecules increases 

(d) the kinetic energy of the gas molecules remains the same 

54. Gases deviate from ideal behaviour because molecules; 

(a) are colourless (b) are spherical 

(c) attract each other (d) have high speeds 

55. Deviations from ideal behaviour will be more if the gas is 
subjected to: 

(a) low temperature and high pressure 

(b) high temperature and low pressure • 


(c) low temperature 

(d) high temperature 

56. In a closed vessel, a gas is heated from 300 K to 600 K; the 
kinetic energy becomes/remains: 

(a) double (b) half ' (c) same (d) four times 

57. A mixture contains 56 g of nitrogen, 44 g of CO 2 and 16 g of 

methane. The total pressure of the mixture is 720 mm Hg. The 
partial pressure of methane is; (EAMCET 1991) 

(a) 180 mm (b) 360 mm (c) 540 mm (d) 720 mm 

58. The root mean square speed, of an ideal gas at 27“C is 0.3 

m/sec. Its rms velocity at 927°C is: ^ (EAMCET 1991) 

(a) 3.0 m/sec (b) 2.4 m/sec (c) 0.9 m/sec (d) 0.6 m/sec 

59. The rms speed at NTP of the species can be calculated from 

the expression: (EAMCET 1990) 

[Jp JJPV l3RT 

(a) J— (b) J— (c) j— (d) all of these 

yd y M y M 


60. At constant volume, for a fixed number of mole of a gas, the 
pressure of the gas increases with rise of temperature due to: 

(a) increase in average molecular speed 

(b) increased rate of collisions amongst molecules 

(c) increase in molecular attraction 

(d) decrease in mean free path 

61. Non-ideal gases approach ideal behaviour; 

(IIT 1999; KCET 2004) 

(a) high temperature and high pressure 

(b) high temperature and low pressure 

(c) low temperature and high pressure 

(d) low temperature and low pressure 

62. The ratio of root mean square speed and average speed of a gas 
molecule, at a particular temperature, is: 

(a) 1:1.086 (b) 1,086:1 

(c) 2: 1.086 , (d) 1.086:2 

63. Most probable speed, average speed and rms speed are related 
as: 

(a) 1 : 1.224 : 1.128 (b) 1.128 : 1 : 1,224 

(c) 1 : 1.128 ; 1.224 (d) 1.224 : 1.128 : 1 

64. In a closed flask of 5 litre, 1.0 g of H 2 is heated from 
300-600 K. Which statement is not correct? (CBSE 1991) 

(a) The rate of collision increases 

(b) The energy of gaseous molecules increases 

(c) The number of mole of the gas increases 

(d) Pressure of the gas increases 

65. The root mean square speed is expressed as: 


(a) 


(c) 


-RT 

2 

3RT ' 

M 


1/2 


(b) 


(d) 


2RT 
M. . 
3RT 
M 


1/2 


1/2 


66. The rms speed of hydrogen molecules at room temperature is 
2400 m s~*. At room temperature the rms speed of oxygen 


molecules would be: 
(a) 40) ms”' 

(c) 600 ms’’ 


(b) 300 ms"* 
(d) 1600 ms" 


[Hint; 




'»2 


M, 




Mo, 
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67. 


68 . 


69. 


70. 


71. 


72. 


74 


The molecules of which of the following gas have highest 
speed? 

(a) Hydrogen at - 50°C (b) Methane at 298 K 

(c) Nitrogen at 1000“C (d) Oxygen at 0°C 

Which one of the following is an ideal gas? 

(a) Hydrogen (b) Nitrogen 

(c) Carbon dioxide (d) None of these 

van der Waals’ equation explains the behaviour of: 

(a) ideal gases ’ (b) real gases 

(c) mixture of gases (d) diatomic gases 

The critical temperature of a gas is that temperature: 

(a) above which it can no longer remain in the gaseous state 

(b) above which it cannot be liquefied by pressure 

(c) at which it solidifies 

(d) at which the volume of the gas becomes zero 
The van der Waals’ equation for a real gas is; 

(a) + 




(b) 






b)= nRT 


(e) P + ^\iV + b) = nRT 


nRT 


n^a 


id) P = 

(V-nb) 

In van der Waals’ equation of state for a non-ideal gas the term 
that accounts for intermolecular force is; 
a 


(a) P +. 


F" 


(b) (V-b) (c) RT 


(d) 


1 

RT 


73. The units of ‘a’ in van der Waals’ equation 


P + 


an 




{V-nb)= nRT 

i i 

are: 

(a) atom litre^ moF^ (b) atom litre moF^ 

(c) atom litre moF' (d) atom litre^ moF' 

If 1000 mL of gas A at 600 torrand 500 mL of gas B at 800 ton- 
are placed in a 2 litre flask, the final pressure will be; 

(a) 2000 ton- (b) 1000 torr 

(c) 500 ton- (d) 400 torr 

75. Two samples of gases A and B are at the same temperature. 
The molecules of A are travelling four times faster than the 
molecules ofB. The ratio of /nig of their masses will be; 
(a) 16 (b) 4 (c) 1/4 (d) 1/16 


[Hint. 




C/ 


76. 


"•b 1 

The root mean square speed of a certain gas at 27°C is 


3 X 10“ cm s The temperature at which the velocity will be 


O'* cm s ' 

6 x 10 “* cms^' is; 

(a) 54“C (b) 108°C (c) 1200 K (d) 600K 

77., The temperature at which real gases obey the ideal gas laws 
over a wide range of pressure is called; mpiviT 2009) 

(a) critical temperature (b) Boyle temperature 
(c) inversion temperature (d) reduced temperature 


78. The value of van der Waals’ constant ‘ a’ for gases O 2 , N 2 , NHj 


and CH 4 are 1.360, 


79. 


80. 


81. 


1.390, 4.170 and 2.253 litre^-atm moF^ 


respectively. The gas which can be most easily liquefied is; 

(a) O 2 (b) N 2 (c) NH 3 (d) CH 4 

According to kinetic theory of gases for a diatomic molecule; 

(IIT 1991) 

(a) the pressure exerted by the gas is proportional to the mean 
square speed of the molecules 

(b) the pressure exerted by the gas is proportional to the root 
mean square speed of the molecules 

(c) the root mean square speed is inversely proportional to the 
temperature 

(d) the mean translational KE of the molecule is- directly 
proportional to the absolute temperature 

A real gas obeying'van der Waals’ equation will resemble an 
ideal gas if the; 

(a) constants a and b are small 

(b) a is large and b is small 

(c) a is small and b is large 

(d) constants a and b are large 

When the universal gas constant {R) is divided by Avogadro’s 
number {N ), their ratio, is called; 

(a) Planck’s constant (b) Rydberg’s constant 

(c) Boltzmann’s constant (d) van der Waals’ constant 

PV 

82. The compressibility factor of a gas is defined as Z = —. The 


RT 

[PMT (MP) 2004] 
(d) infinity 


83. 


84. 


85. 


86 . 


compressibility factor of an ideal gas is; 

(a) 0 (b) 1 (c) -1 

An ideal gas is one which obeys; 

(a) gas laws (b) Boyle’s law 

(c) Charles’ law (d) Avogadro’s law 

A mixture of three gases X (density 1.0), Y (density 0.2) and Z 
(density 0.4) is enclosed in a vessel at constant temperature. 
When the equilibrium is established, the gas/gases: 

(a) X will be at the top of the vessel 

(b) Y will be at the top of the vessel 

(c) Z will be at the top of the vessel , 

(d) will mix temogeneously throughout the vessel 

16 g of oxygen and 3 g of hydrogen are mixed and kept, at 760 
mm pressure at 0°C. The total volume occupied by the mixture 
will be nearly; [CMC (Vellore) 1991) 

(a) 22.4 litre (b) 33.6 litre (c) 44800 mL(d) 4480 mL 
Which of the following expressions does not represent Boyle’s 
law? 

(a) PV = constant (b) F ■ ^ 


P 


87. 


88 . 


ic)V,T,=V{T, (d) R,F,=/’ 2 F 2 

When an ideal gas undergoes unrestricted expansion, no 

cooling occurs because the molecules; 

(a) exert no attractive forces on each other 

(b) do work equal to loss of kinetic energy 

(c) collide without loss of energy 

(d) are above the inversion temperature 

Which of the following mixture of gases at room temperature 
does not follow Dalton’s law of partial pressures? 
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(a) NO 2 and Oj (b) NHj and HCl 

(c) C 0 andC 02 (d) SO^ and O 2 

89. The speed possessed by most of the gaseous molecules is: 

(a) most probable speed (b) average speed 

(c) root mean square speed (d) none of these 

90. In which of the following pairs the gaseous species diffuse 
through a porous plug along with the same rate of diffusion? 

(EAMCET 1990) 

(a) NO, CO (b) NO, CO 2 

(c) NH 3 , PHj (d) NO, CjHg 

91. Which of the following statements is correct? 

(a) 3FF = mnc^ is the expression for real gases 

(b) At normal temperature and pressure most gases behave 
nearly as ideal gases 

(c) The molecules of real gases have both volume and mutual 
attraction 

(d) Pressure depends on number of molecules and volume 

92. For one gram molecule of an ideal gas: 

PV 3 PV 

(a)ilG = ical (b)i™ = 2 cal 

T 2 T 

PV PV 

(c) ^ = 8.31cal (d) ^ = 0.0821cal 

93. When helium is allowed to expand into vacuum, heating effect 
is observed. This is due to the fact that: 

(a) helium is an inert gas 

(b) heBum is a noble gas 

(c) helium is an ideal gas 

(d) the inversion temperature of helium is very low 

94. At STP,^ the order of mean square velocity of molecules of 

H 2 , N 2 , O 2 and HBr is: (CBSE 1991) 

(a) H 2 > N 2 > O 2 > HBr (b) HBr > O 2 > N 2 > Hj 

(c) HBr > H 2 > O 2 > N 2 (d) N 2 > 02 > Hj > HBr 

95. At constant temperature in a given mass of an ideal gas: 

(CBSE 1991) 

(a) the ratio of pressure and volume always remains constant 

(b) volume always remains constant 

(c) pressure always remains constant 

(d) the product of pressure and volume always remains 
constant 

96. The non-compressible volume of a gas is .,. times the actual 
volume of gas molecules: 

(a) 2 (b) 4 (c) 3 (d) 2.5 

97. One mole of an ideal monoatomic gas is mixed with 1 mole of 
an ideal diatomic gas. The molar specific heat of themixture at 
constant volume is: 

; (a) 3 cal (b) 4 cal (c) 5 cal (d) 8 cal 

■98. In an experiment during the analysis of a carbon compound, 
145 mL of H 2 was collected at 760 mm Hg pressure and 2TC. 
The mass of H 2 is nearly: 

(a) 10 mg (b) 6 g (c) 12 mg (d) 12 g 

[Hint: Apply PF = — PT; 1 x 0.145 = -^ x 0,0821 x 300] 

M 2 

99. The kinetic energy of N molecules of O 2 is x joule at - 123°C. 
Another sample of O 2 at 27°C has a kinetic energy of 2xjoule. 
The latter sample contains; 


100 . 


101 . 


102 . 

103. 

104. 

105. 

106. 

107. 

108. 


109. 


110. 


(a) N molecules of O 2 (b) 2N molecules of O 2 

N .• N 

(c) — molecules of O 2 ’ (d) — molecules of O 2 


A balloon filled with N 2 O is pricked with a sharper point and 
plunged into a tank of CO 2 under the same pressure and 
temperature. The balloon will: 

(a) be enlarged (b) shrink 

(c) collapse completely (d) remain unchanged in size 
The three states of matter are solid, liquid and gas. Which of 
the following statements is true about them? 

(a) Gases and liquids have viscosity as a common property 

(b) The molecules in all the three states possess random 
translational motion 

(c) Gases cannot be converted into solids without passing 
through the liquid phase 

(d) Solids and liquids have pressure as a common property 
Strong intermolecular forces exist in; 

(a) gases (b) liquids 

(c) amorphous solids (d) crystalline solids 

Association of molecules in water is due to: 

(a) covalent bondmg (b) hydrogen bonding 

(c) ionic bonding (d) van der Waals’ forces 

Which of the following statements is wrong? 

(a) Evaporation is a spontaneous process 

(b) Evaporation is a surface phenomenon 

(c) Vapour pressure decreases with increase of temperature 

(d) The vapour pressure of a solution is always less than the 
vapour pressure of a pure solvent 

Normal boiling point of a liquid is that temperature at which 
vapour pessure of the liquid is equal to: 

(a) zero (b) 380 mm of Hg 

(c) 760 min of Hg (d) 100 mm of Hg 

Water boils at lower temperature on high altitudes because: 

(a) atmospheric pressure is low thPe 

(b) atmospheric pressure is high there 

(c) water is weakly hydrogen bonded there 

(d) water in pure form is found there 

When a student was given a viscometer, the liquid was sucked 
with difficulty; the liquid may be: 

(a) benzene (b) toluene (c) water (d) glycerine 
Mark the statement which is correct; 

(a) surface tension of a liquid increases with temperature 

(b) addition of chemicals reduces the surface tension of a liquid 

(c) stalagmometer is used for measuring viscosity of the 
liquid 

(d) viscosity of the liquid does not depend on intermolecular 
forces 

With the increasing molecular mass of a liquid, the viscosity; 

(.Jiwaji 1990) 

(a) decreases (b) increases 

(c) no effect (d) all are wrong 

The viscosity of which liquid is the maximum? 

(a) water (b) glycol 

(c) acetone (d) ethanol 
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(a)^ 


(b)^ 


d2h 


(c)2l 

_ 

(d)^ 



^2 


111. The rise of a liquid in a capillary tube is due to: 

(a) viscosity (b) osmosis 

(c) diffusion (d) surface tension 

112. With increase in temperature, the fluidity of liquids: 

(a) increases (b) decreases 

(c) remains constant (d) may increase or decrease 

113. If q, and ^2 ate the coefficients of viscosity of two liquids, 

and d 2 their densities and f, and ^2 the flow times in 
Ostwald viscometer, then: 

dih 
‘^\h 

114. Which of the following expressions regarding the unit of 
coefficient of viscosity is not true? 

(a) dyne cm"^ sec (b) dyne cm^ sec"' 

(c) Nm"^ sec (d) 1 poise = 10"' Nm"^ sec 

115. The boiling points of water, ethyl alcohol and diethyl ether are 
100°C, 78.5°C and 34.6°C respectively. The intermolecular 
forces will be in the order of: 

(a) water > ethyl alcohol > diethyl ether 

(b) ethyl alcohol > water > diethyl ether 

(c) diethyl ether > ethyl alcohol > water 

(d) diethyl ether > water > ethyl alcohol 

116. The unit cell in a body centered cubic lattice is given in the 
figure. Each sphere has a radius, r and the cube has a side, a. 
What fraction of the total cube volume is empty.fTlFR 2010) 

r 



117. Which one is not the property of crystalline solid? 

(a) Isotropic 

(b) Sharp melting point 

(c) A definite and regular geometry 

(d) High intermolecular forces 

118. The number of crystal systems known is: 

(a) 7 (b) 8 (c) 6 (d) 4 

119. Tetragonal crystal system has the following unit cell 

dimensions: |PIVIT (MP) 19931 

(a) a = b = c and a = |3 = y = 90° 

(b) a = b* c and a = P = y = 90° 

(c) a b c and a = P = y = 90° 

(d) a = h cand a = P = 90°,y = 120° 


120. A match box exhibits: (PET (MP) 1993) 

(a) cubic geometry (b) monoclinic geometry 

(c) orthorhombic geometry (d) tetragonal geometry 

121. In the crystal of CsCl, the nearest neighbours of each Cs ioti 

are: |PET (MP) 1993| 

(a) six chloride ions (b) eight Cs ions 

(c) six Cs ions (d) eight chloride ions 

122. . How many chloride ions are there around sodium ion in 
■ sodium chloride crystal? 

(a) 3 (b) 8 (c) 4 (d) 6 

123. The number of atoms contained in one face-centred cubic unit 
cell of monoatomic substance is; 

|PM1 (Vellore) 2006; PET (MP) 20071 
(a) 1 (b) 2 (c) 4 (d) 3 

124. The number of close neighbours in a body-centred cubic 
lattice of identical spheres is: 

(a) 4 (b) 12 (c) 6 (d) 8 

125. The coordination number of each sphere in (hcc) arrangement 
is: 

(a) 8 (b) 12 (c) 6 (d) 4 

126. Bragg’s law is given by the equation: (BHU 1990) 

(a) tik = 26 sin 9 (b) nX = 2d sin 0 

d 


(c) Ink = £/ sin 0 


(d) n — = — sin 0 
2 2 


127. In Bragg’s equation for diffraction of X-rays, ‘n’ represents: 
(a) the number of mole (b) quantum number 

(c) the order of reflection (d) Avogadro’s number 

128. The coordination number for an atom in a primitive cubic unit 
cell is; 

(a) 6 (b) 8 (c) 10 (d) 12 

129. The number of atoms per unit cell in a simple cubic, 

face-centred cubic and body-centred cubic are.. 

respectively: 

(a) 1,4,2 (b) 4,1,2 

(c) 2,4,1 (d) 4,8,2 

130. In a solid lattice, the cation has left a lattice site and is located 

at interstitial position, the lattice defect is: (VITEEE 2007) 
(a) interstitial defect (b) vacancy defect 

(c) Frenkel defect (d) Schottky defect 

131. Schottky defects occur mainly in ionic compounds where : 

(VITEEE 2008) 

(a) positive and negative ions are of different size 

(b) positive and negative ions are of same size 

(c) positive ions are small and negative ions are big 

(d) positive ions are big and negative ions are small 

132. What type of crystal defect is indicated in the diagram below? 


Na"" 

cr 

Na^ 

cr 

Na"" 

cr 

cr 


cr 

Na’" 


Na"" 

Na"- 

cr 


cr 

Na-" 

cr 

cr 

Na-" 

cr 

Na'" 


Na^ 


(a) Frenkel defect 
(c) Interstitial defect 


(AIEEE 2004) 

(b) Schottky defect 

(d) Frenkel and Schottky defects 

133. In a closed packed array of N spheres, the number of 
tetrahedral holes is: 

(a) jV/ 2 (b) N 

(c) m (d) IN 
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134. In a closed packed array of N spheres, the octahedral holes are; 

(a) N/2 (b) 2N (c) 4iV (d) N 

135. AB crystallizes in a body centred cubic lattice with edge 

length •‘a’ equal to 387 pm. The distance between two 
oppositely charged ions in the lattice is: [CBSE (PMT) 2010] 

(a) 335 pm (b) 250 pm 

(c) 200 pm (d) 300 pm 

[Hint; Distance between two oppositely charged ions 
, + flVI 387xV3 


= 335.14 pm] 

136. Germanium or silicon becomes semiconductor due to: 

(a) Schottky defect (b) chemical impurity 

(c) Frenkel defect (d) none of these 

137. A particular solid is very hard and has a high melting point. In 

solid state it is a non conductor and its melt is a conductor of 
electricity. Classify the solid; |CMC Vellore (Med.) 2008] 
(a) metallic (b) molecular 

(c), network (d) ionic 

(e) amorphous 

138. Which one has the highest melting point? 

(a) Ionic crystal (b) Molecular crystal 

(c) Covalent crystal (d) Metallic crystal 

139. For an ionic crystal of general formula AX and coordination 

number 6, the value of radius ratio will be: [PMT (MP) 1993] 
(a) greater than 0.73 (b) in between 0.73 and 0.41 

(c) in between 0.41 and 0.22 (d) less than 0.22 

140. The Ca^* and F“ are located in CaF 2 crystal respectively at 

face-centred cubic lattice points and in: (AHMS 2006) 

(a) tetrahedral voids (b) half of tetrahedral voids 

(c) octahedral voids (d) half of octahedral voids 

141. In calcium fluoride structure, the coordination numbers of • 
calcium and fluoride ions are: 


(a) 8 and 4 (b) 6 and 8 

(c) 4 and 4 (d) 4 and 8 

142. The unit cell of a binary compound of A and B metals has a 
ccp structure with A atoms occupying the comers and B atoms 
occupying the centres of each faces of the cubic unit cell. If 
during the crystallisation of this alloy, in the unit cell two A 
atoms are missed, the overall composition per unit cell is: 

[CET (J&K) 2009] 

(a) AB^ (b) AB^ (c) AB^ '(d) 

[Hint; Number of atoms of .4 = 6 x - = 


6-^24 


Number of atoms of 5 = 6 x 


4 

3 


:5 = -;3 = 1:4 
4 


Composition of alloy = AB^ ] 

143. In a solid lattice, the cation has left a lattice site and is located 
at an interstitial position. The lattice defect is : 

[BHU (screening) 2008] 
(a) interstitial defect (b) vacancy defect 

(c) Frenkel defect (d) Schottky defect 

144. Which of the following statements is incorrect about 

amorphous solids? (KCET2004) 


(a) They are anisotropic 

(b) They are rigid and incompressible 

(c) They melt over a wide range of temperature 

(d) There is no orderly arrangement of particles 

145. Which defect causes decrease in the density of a crystal? 

(a) Frenkel (b) Schottky 

(c) Interstitial (d) F-centre 

146. For tetrahedral coordination number, the radius ratio r* / r~ is; 


147. 


148. 


149, 


151 


(KCET 2008) 

(a) 0.732- 1.0 (b) 0.225 - 0.414 

(c) 0.414 - 0.732 (d) 0.155 - 0.225 

What is the total number of ions present in one unit cell of 

sodium chloride lattice? (EAMCET 2006) 

(a) 2 (b) 6 (c) 12 (d) 8 

The formula for determination of density of cubic unit cell is: 

a^No -3 ZxNo 

-^ T cm (b) -^ 

Mxa^ 

xM _3 ZxM 

gem (d),--Tgcm 


(a) 


(c) 


ZxM 

_3 


ZxNq 


■gem 


Nq X a 


The closest-packing sequence ABAB .represents; 

(a) primitive cubic packing 

(b) body-centred cubic packing 

(c) face-centred cubic packing 

(d) hexagonal packing 

150. The closest-packing sequence ABC ABC .represents: 

(a) primitive cubic packing 

(b) body-centred cubic packing 

(c) face-centred cubic packing 

(d) hexagonal packing 

The edge length of face centred cubic cell of an ionic 
substance is 508 pm. If the radius of cation is 110 pm, the 
radius of anion is; (AIEEE 2010) 


(a) 618 pm (b) 144 pm 

(c) 288 pm (d) 398 pm 

[Hint: Edge length = l{r^ + C) 


508 = 2(110+F) 
r~ = 144 pm ] 

152. Close packing is maximum in the crystal lattice of: 

(a) face-centred cubic (b) body-centred cubic 
(c) simple-centred cubic (d) none of these 

153. The ratio between the root mean square speed of H 2 at 50 K 

and that of Oj at 800 K is: (HT 1996) 

(a) 4 (b) 2 (c) 1 (d) 1/4 

154. X mL of H 2 gas effused through a hole in a container in 5 
second. The time taken for the effusion of the same volume of 
the gas specified below under identical conditions is; 

(HT 1996) 

(a) 10secotid;He (b) 20 second : O 2 

(c) 25 second ; CO (d) 55 second: CO 2 

155. The energy of a gas per litre is 300 joule. Its pressure will be: 

(a).3xlO*N/m^ (b)6xlO*N/m2 

(c)10^N/m^ (d)2xl0^N/m^ 

156. If the universal gas constant is 8.3 joule mol"' K"‘ and the 
Avogadro’s number is 6 x 10^^. The mean kinetic energy of the 
oxygen molecules at 327‘’C will be; 
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(a) 415x 10“^^ joule 


(b) 2490 X 10’^^ Joule 


(c) 1245x10-^^^ joule (d) 830 x joule 

157. If increase in temperature and volume of an ideal gas is two 
times, then initial pressure of P changes to; 

(JEE (Orissa) 2006] 

(a) 4P (b) 2P (c) P (d) W . 

158. The average kinetic energy of one molecule of an ideal gas at 

27°C and 1 atm pressure is; (EAMCET 2009) 

(a) 900 cal K^' inor' 

(b) d21x 10"^' J K“' molecule*' 

(c) 336.7 J K*' molecule*' 

(d) 3741.3 J K"' mol*’ 

Mint: KE = -—F 
2N 

■ 3 a314 

= —x- 


-22 


2 6.023x10 


,23 


x300 


= 6.21X10*^' J K*' molecule*'] 

159. The respective speeds of five molecules are 2,1.5,1. 6 ,1 .6 and 
1,2 km/sec. The most probable speed in km/sec will be; 

(a) 2 (b) 1.58 (c) 1.6 (d) 1.31 


160. If one mole of a monoatomic gas | y 

7 


— is mixed with one 
3; 


mole of diatomic gas y 


the value of y for the mixture is: 


(a) 1.40 (b) 1.50 (c) 1.53 (d) 3.07 

161. The root mean square speed of hydrogen molecule of 
an ideal hydrogen gas kept in a gas chamber at CPC 
is 3180 metre/second. The pressure on the hydrogen gas 
is: (density of hydrogen gas is 8.99 x 10*'^ kg / m^, 

1 atmosphere= 1.01 X 10* N/m^) 

(a) 1.0 atmosphere (b) 1.5 atmosphere 

(c) 2.0 atmosphere (d) 3.0 atmosphere 

162. CH 4 diffuses two times fester than a gas X. The number of 
molecules present in 32 g of gas Z is; (N is Avogadro number) 

[EAMCET (Engg.) 20101 


(a) N 
[Hint: 


(b) 


N 


(c) 


N 


id) 


A 

16 


"CHi 


2 = , 


"!gas = 64 

Number of molecules = ■ 


-xN 


32 

= —xA ! 
64 


molar mass 
2 

163. At what temperature would the rms speed of a gas molecule 
have twice its value at I00°C? 

(a) 4192 K (b) 1492 K 

(c) 9142 K (d) 2491 K 

164. Find the rms speed of an argon molecule at 27°C (Molecular 
weight of argon = 40 gm / mol): 


(a) 234.2m/s (b) 342.2m/s 

(c) 432.2m/s (d) 243.2m/s 

165. At a temperature F K, the pressure of 4 g argon in a bulb is P. 
The bulb is put in a bath, having a temperature higher by 50 K 
than the first one. 0.8 g of argon gas had to be removed to 
maintain original pressure. The temperature F is equal to: 

(IIT 1999) 

(a) 510K (b) 200K 

(c) 100 K (d) 73 K 

166. At 25“C and 730 mm pressure, 380 mL of dry oxygen was 

collected. If the temperature is constant, what volume will the 
oxygen occupy at 7W mm pressure? (CBSE 1999) 

(a) 265 mL (b) 365 mL (c) 569 mL (d) 621 mL 

167. Which of the following solids shows electrical conduction? 

(CBSE 1999) 

(a) Graphite (b) Potassium chloride 

(c) Diamond (d) Sodium chloride 

168. Schottky defect in solids is due to; 

[PMT (Vellore) 2006; VITEEE 2006] 

(a) a pair of cation and anion vacancies 

(b) occupation of interstitial site by a pair of cation and anion 

(c) occupation of interstitial site by a cation 

(d) occupation of interstitial site by an anion 

169. Copper crystall ises in face-centred cubic lattice wifli a unit cell 
length of 361 pm. What is the radius of copper atom in pm? 

[CBSE (PMT) 2009; AIEEE 2009] 
(a) 108 (b) 128 (c) 157 (d) 181 

pint: aV2 = 4r 

361xV2 = 4r 


170. 


171. 


r= 128pm] 

The second order Bragg diffraction qf X-rays with X = 1A 
fiom a set of parallel planes in a metal occurs at an angle of 
60°. The distance between the scattering planes in the crystal 
is; (CBSE 1998) 

(a) 0.575 A (b) 1.00 A 

(c) 2.00 A (d) 1.15 A 

According to Gleam’s law at a given temperature, the ratio of 
the rates of diffusion of gases A and B is given by; 

(11X^998) 


(a) ^ 


(c)^ 


Mj 

M, 


1/2 


^ M 


1/2 




(b)^ 

Mb 

(d)^ 

M« 




1/2 


Pa 


fp 


kPaJ 




172. 

173. 


The root mean square^elocity of an ideal gas at constant 
pressure varies with density as; [FIT (Screening) 2000[ 

(a) ^2 ^ 


Match the following; 
List-1 

(A) Inversion temperature 

(B) Boyle’s temperature 

(C) Critical temperatare 


{c) id\\l4d 

List-II 

(i) alRb 

(ii) Zainm 

(iii) lalRb 


(a) A—(i), B—(ii), C—(ill) (b) A-<iii),B—(ii),C--(i) 
(c) A—(iii), B—<i), C—(ii) (d) A—(i). B—(iii), C—(ii) 
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174. For three difierent gases values of van der Waals’ constant ‘a’ and 
‘ft’ are given. What is the correct order of liquefaction of gases? 


Gases 

^2 

^2 

Z, 

(a) ^2 > ^2 > ^ 

. (c) Zj > Fj > X 2 

175. Match the following: 
List-I 


a ft 

1.3 0.090 

4.1 0.023 

2.2 0.075 
(b) F 2 > Z 2 > Z 2 

(d) X 2 > Z 2 > F 2 

List-II 


(A) Pa 

(B) K 

(C) r. 


(i) 3ft 

(ii) M/nbR 

(iii) a/27ft^ 


(a) A-(i). B-(ii), C—(iii) (b) A-{iii),B-{ii).C-(i) 

(c) A—(ii), B—(iii), C—(i) (d) A—(iii), B—(i), C—(ii) 

176. By what factor does the average velocity of a gaseous 
molecule increases when the absolute temperature is doubled? 

(DUMET 2010) 

(a) 1.4 (b) 2 (c) 2.8 (d) 4.0 

177. The van der Waals’ constant ‘a’ for different gases have been 
given as: 

Gas a (atm L? moF^) 

O 2 1.36 

N 2 1.39 

CH 4 2.25 

NH 3 4.17 

The gas that can be most easily liquefied is ; 

[JEE (Orissa) 2010] 

(a) O 2 (b) N 2 . (c) CH 4 (d) NH 3 

178. Match the following: 

List-I List-ll 


(A) /C/ 3 , (i) 1.22 

(ii) 1.13 

(iii) 1.08 

(a) A—(iii), B—(it), C—(i) (b) A—(i), B—(ii), C—(iii) 

(c) A—(iii), B—(i), C—(ii) (d) A—(ii), B—(iii), C—(i) 

179. Joule-Thomson coefficient is zero at: 

(a) critical temperature (b) inversion temperature 
(c) absolute temperature (d) Boyle’s temperature 

180. At a constant pressure, what should be the percentage increase 
in temperature for a 10 % increase in volume? 

(a) 10% (b) 11% (c) 8.9% (d) 12.5% 

181. 5 g of unknown gas has pressure F at a temperature T K in a 
vessel. On increasing the temperature by 50PC, 1 g of the gas 
was given out to maintain the pressure P. The original 
temperature was; 

(a) 73 K (b) 100 K 

(c) 200 K (d) none of these 

182. Which of the following expressions correctly represents the 
relationship between the average molar kinetic energy, KE of 
CO and Nj molecules at the same temperature? 

ICBSE (PMT) 2000] 


(a) KEco = KEn 2 

(b) ^co > KEn 2 

(C) 


183. 

184. 

185. 

186. 

187. 

188. 

189. 

190. 


191. 

192. 

193. 

194. 


(d) Cannot be predicted unless the volumes of the gases are 
given 

Which of the following exhibits the weakest intermolecular 
forces? (AIIMS 2000) 

(a) NH 3 (b) HCl (c) He (d) H 2 O 

The compressibility of a gas is less than unity at STP. 
Therefore: IIIT 2000; PMT (MP) 2004] 

(a) > 22.4 litre (b) V„, < 22.4 litre 

(c) V„ = 22.4 litre (d) V„ = 44.8 litre 

The rms velocity of hydrogen is -/? times the rms velocity of 
nitrogen. Iff is the temperature of the gas; (IIT 2000) 

(a) r(H 2 ) = r(N 2 ) (b) r(H 2 ) > r(N 2 ) 

(c) r(H 2 ) < r(N 2 ) (d) r(H 2 )=) 

The kinetic energy of any gas molecule at 0°C is: 

(a) zero (b) 3408 J 

(c) 2cal (d) 5.66X 10“^'J 

Densities of two gases are in the ratio 1 :2 and their 
temperatures are in the ratio 2 : 1 ; then the ratio of their 
respective pressures is: (BHU 2000) 

(a) 1 : 1 (b) 1:2 (c) 2: 1 (d) 4 : 1 

Gas equation PV = nRT is obeyed by: (BHU 2000) 

(a) only isothermal process (b) only adiabatic process 
(c) both (a) and (b) (d) none of these 

An ideal gas will have maximum density when: (CPMT 2000) 
(a) P = 0.5atm,r = 600K (b) P = 2atm, T = 150K 

(c) P = latm,r= 300K (d) P = LOatm.T = 500K 

The following graph illustrates; (JIPMER 2000) 



(a) Dalton’s law (b) Charles’ law 

(c) Boyle’s law (d) Gay-Lussac’s law 

4.4 g of a gas at STP occupies a volume of 2.24 L. The gas can 

be: ICET (Haryana) 2000| 

(a) O 2 (b) CO (c) NO 2 (d) CO 2 

At 0°C and one atm pressure a gas occupies 100 cc. If the 

pressure is increased to one and a half time and temperature is 

increased by one-third of absolute temperature, then final 

volume of the gas will be; (DCE 2000) 

(a) 80 cc (b) 88.9 cc (c) 66.7 cc (d) lOOcc 

Pressure of a mixture of 4 g of Oj and 2 g of H 2 confined in a 

bulb of 1 litre at 0°C is; (AIIMS 2000) 

(a) 25.215 atm (b) 31.205 atm 

(c) 45.215 atm (d) 15.210 atm 

Density ratio of Oj and H 2 is 16 ; 1. The ratio of their rms 

velocities will be; (AIIMS 2000) 

(a) 4:1 (b) 1 ; 16 (c) 1:4 (d) 16 : 1 
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195. The rate of diffusion of a gas having molecular weight just 

double of nitrogen gas is 56 mL s"*. The rate of diffusion of 
nitrogen will be: (CPMT2000) 

(a) 79.19 mLs‘‘ . (b) 112.0niLs“' 

(c) 56 mL s”' (d) 90.0 mL s~* 

196. The density of air is 0.00130 g/mL. The vapour density of air 

will be: (DCE 2000) 

(a) 0.00065 (b) 0.65 (c) 14.4816 (d) 14.56 

197. If 300 mL of a gas at 27°C is cooled to 7°C at constant 

pressure, its final volume will be: (AIIMS 2000) 

(a) 135mL (b) 540mL (c) 350mL (d) 280mL 

198. For an ideal gas, number of moles per litre in terms of its 
pressure P, gas constant R and temperature T is: 

(AIEEE 2002) 

(a) PT/R (b) PRT (c) P/RT (d) RT/P 

199. The van der Waals’ equation reduces itself to the ideal gas 

equation at: [MEE (Kerala) 2001; CBSE (PMT) 2002) 

(a) hi^ pressure and low temperature 

(b) low pressure and low temperature 

(c) low pressure and high temperature 

(d) high pressure alone 

200. Which of the following volume (V), temperature (T) plots 
represents the behaviour of an ideal gas at one atmospheric 
pressure? |IIT (Screening) 2002; PET (Kerala) 2007) 


(22.4 L 
at 273 K) 

t 


(36.8 L 
at 373 K) 


V(L) 


T(K)-- 

(a) 


(22.4 L 
at 273 K) 

t 

V(L) 


(28.6 L 
at 373 K) 


T(K)- 

(b) 



(c) 


(22.4 L 
at 273 K) 

t 

V(L) 



(14.2 L 
at 373 K) 

T(K)- ' 

(d) 



(e) 


201. The following is a method to determine the surface tension of 

liquids: [GET (J&K) 2007) 

(a) single capillary method (b) refractometric method 

(c) polarimetric method (d) boiling point method 

202. The crystalline stracture of NaCl is: [GET (J&K) 20071 

(a) hexagonal close packing (b) face-centred cubic 

(c) square planar (d) body-centred cubic 


203. 

204. 

205. 

206. 

207. 

208. 

209. 


210 . 


211 . 


212 . 


213. 


A crystal lattice with alternate +ve and -ve ions has radius 
ratio 0.524, its coordination number is: 

I PMT (Manipal) 2002] 

(a) 4 (b) 3 (c) 6 (d) 12 

The major binding force of diamond, silicon and quartz is: 

[MEE (Kerala) 2002] 

(a) electrostatic force (b) electrical attraction 

(c) covalent bond force (d) non-covalent bond force 

(e) van der Waals’ force 

A compound is formed by elements A and B. This crystallizes 
in the cubic stmcture when atoms A are at the comere of the 
cube and atoms B are at the centre of the body. The simplest 
formula of the compound is: (DPMT 2009) 

(a) AB (b) AB 2 (c) A^B (d) AB^ 

The coordination number of a metal crystallizing in a 
hexagonal close packed (hep) stmcture is: [PET (MP) 2004| 
(a) 6 (b)12 (c)8 (d)4 

The crystal system of a compound with unit cell dimensions 
a = 0.387, 6 = 0.387, c = 0.504 nm and a=P = 90'’ and 
Y = 120” is: (AIIMS 2004) 

(a) cubic (b) hexagonal 

(c) orthorhombic (d) rhombohedral 

The maximum number of molecules is present in'. 

[CBSE (PMT) 2004] 

(a) 15 L of gas at STP (b) 5 L of Nj gas at STP 
(c) 0.5 g ofH 2 gas (d) 10 g of O 2 gas 

The root mean square velocity of one mole of a monoatomic 
gas having molar mass M is The relation between 
average kinetic energy (£’)of the gas andf/^^j is: 

[IIT (S) 2004] 




Which of the following is not a property of liquid state? 

[BHU (Pre) 20051 

(a) Intermolecular force of attraction in a liquid is quite large 

(b) All liquids accompanied by cooling on evaporation 

(c) Lower the boiling point of a liquid, greater is its vapour 
pressure at room temperature 

(d) A liquid boils at higher temperature at the top of a 
mountain than at the sea level 

A certain sample of a gas has a volume of 0.2 litre measured at 
1 atm pressure and 0°C. At the same pressure but 273°C, its 
volume will be: [BHU (Pre) 2005] 

(a) 0.4 L (b) 0.8 L (c) 27.8 L (d) 55.6 L 
When electrons are trapped into the crystal in anion vacancy, 
the defect is known as: [BHU (Pre) 2005 j 

(a) Schottky defect (b) Frenkel defect 

(c) stoichiometric defect (d) F-centres 

In the equation of state of an ideal gas PV = nRT, the value of 
the universal gas constant R would depend only on the: 

(KCET 2005) 

(a) nature of the gas (b) pressure of the gas 

(c) units of the measurement (d) none of these 
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214. 


215. 


If Z is the number of atoms in the unit cell that represents the 
closest packing sequence ABC ABC ..., the number of 
tetrahedral voids in the unit cell is equal to: (AIIMS 2005) 

(a) Z (b) 2Z (c) I (d) I 

(DPMT 2005) 


Equation of Boyle’s law is: 
dV 


. . dP 

(a)-- 


(c) 


d^P 


V 

dT 
PV = 


(b) 


(d) 


dP 


d^P 


V 


• = + ■ 


rf ¥ 


dt 


constant 


216. 


P 

[Hint: 

PdV+V dP 

_ 

P ~ V 

In a face-centred cubic unit cell, edge length is: 


dV 


(a) 






(c) 2r 


(DPMT 2005) 

s 

— f 
2 


217. If», 5 is at 27°C, then calculate the molar mass of the 


gas in kilogram: 

(a) 1 (b) 2 

. l3Rf 

[Hint: 


(c) 4 


(DPMT 2005) 
(d) 0.001 


SOU' 


13x5x300 
'i m 


219. 


220 . 


m = 0.001 kg] 

218. The pressure exerted bj^l mole of methane in a 0.25 litre 
container at 300 K using van der Waals’ equation (given 
, ' fl = 2.253 atm mo^^ b = 0.0428Lmol"') is; 

[JEE (Orissa) 2005] 

(a) 82.82 atm (b) 152.51 atm 

(c)190.52atm (d) 70.52 atm 

An ionic compound has a unit cell consisting of ‘ ..4’ ions at the 
comers of a cube and ‘5’ ions on the centres of the faces of the 
cube. The empirical formula for this compound would be: 

[AIEEE 2005; CET (Karnataka) 2009| 
(a) AB (b) ^ 2 ^ 

(c) AB^ (d) A^B 

Which one of the following statements is not tme about the 
effect of an increase in temperature on the distribution of 
molecular speeds in a gas? 

(a) The most probable speed increases 

(b) The fraction of the molecules with most probable speed 
increases 

(c) The distribution becomes broader 

(d) The area under the distribution curve remains the same as 
under the lower temperature 

A gas can be liquefied: (AFMC 2005) 

(a) above its critical temperature 

(b) at its critical temperature 

(c) below its critical temperature 

(d) at any temperature 

If the absolute temperature of a gas is doubled and the pressure 
is reduced to one-half, the volume of the gas will: 

IPET (Kerala) 2005] 


221 . 


222. 


(a) remain unchanged (b) be doubled 

(c) increase fourfold (d) be halved 

(e) be reduced to one-fourth 


[Hint: 


Use5!l 

T, 


223. To what temperature must a neon gas sample be heated to 
double the pressure, if the initial volume of a gas at 75°C is 


decreased by 15%? 

(a) 319°C (b) 592“C 

(e) 90°C 

[Hint: 


(PET (Kerala) 2005| 
(c) 128‘>C (d) 60“C 




PV 

348 


2P X 85F 
T2 X 100 


. T2 = 5916K 

r2 = 3ia6“C] 

224. The surface tension of which of the following liquids is 

maximum? (CBSE (Pre) 20051 

(a) C 2 l^OH (b)CH 30 H (c) HjO (d) 

[Hint: (c) Due to hydrogen bonding, HjO has the highest 
intermolecular force, hence its surface tension is also 
’ maximum.] 

225. An element (with atomic mass = 250 g) crystallises in a simple 

cube. If the density of unit cell is 7.2 g cm“^, what is the radius 
of the element? (JEE (Orissa) 2006] 


(a) 1.93x10“® cm 
(c) 1.93X 10“® A 


(b) 1.93x10’* cm 


(d) 1.93 X 10’* m 


[Hint: 


3 rxpy^N^ 

M 

^ ^ X 7.2 X 6.023 X 10^^ 

250 

/ = 3.86x10’* cm 
/ = 2r (for simple cubic unit cell) 
I 3.86x10’* 


2 ' 


: 1.93x10'* cm] 


226. Dominance of strong repulsive forces among the molecules of 

the gas (Z = compressibility factor): (AIIMS 2006) 

(a) depends on Z and indicated by Z = 1 

(b) depends on Z and indicated by Z > 1 

(c) depends on Z and indicated by Z < 1 

(d) . is independent of Z 

[Hint: When Z > 1, the gas is less compressible than ideal 
gas and the repulsive forces dominate.] 

227. Total volume of atoms present in a face-centred cubic unit cell 

of a metal is (r is atomic radius); (AIEEE 2006) 

(a) — (b) nP (c) -- nr* 

3 ^ i 3 

228. If we know the ionic radius ratio in a crystal of ionic solid, 
what can be known of the following? [GET (Gujarat) 2006] 

(a) Magnetic property 

(b) Nature of chemical bond 

(c) Type of defect 

(d) Geometrical shape of crystal 


(d) — nP 
3 
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229. If a volume containing gas is compressed to half, how many 

moles of gas remained in the vessel? (DCE 2006) 

(a) Just double (b) Just half 

(c) Same (d) More than double 

230. The volume-temperature graphs of a given mass of an ideal 

gas at constant pressures are shown below. What is the correct 
order of pressures? (EAMCET 2006; AIIMS 2008) 



T-► 

(a) P,>P,> P 2 (b) F, > Pj > Fj 

(c) Fj > Fj > F, (d) F 2 > F, > Fj 

231. If NaCl is doped with 10 * mol % of SrClj, the concentration 
of cation vacancies will be (Nj = 6.023 x 10^^); 

ICBSE (Medical) 2007] 

(a) 6.02 X 10 '* mor' (b) 6.02 x lO” moP’ 

(c) 6.02 X lO'"* moF' (d) 6,02 x 10‘® moF' 


232. 

233. 


Coordination number of NaCl crystal will be: 

(PET (MP) 2007] 

(a) 8:8 (b) 6:6 (c)4:4 (d) 2:2 

The unit cell of A1 (molar mass 27 gmol"') has an edge 
length of405 pm. Its density is 2.7 g / cm*. The cubic unit cell 
is: fPET (Kerala) 2007] 

(a) face-centred • (b) body-centred (c) primitive 
(d) edge-centred (e) simple 

(405 X 10~'°)* X 2.7 X 6.023 x 10*^ 

M 27 


[Hint:Z = 


. = 4 


234. 

235. 


236. 

237. 


238. 


.’. It is a face-centred cubic unit cell.] 

The 8 ; 8 type packing is present in: (VITEEE 2007) 

(a) MgFj (b) CsCI (c) KCl (d) NaCl 
Equal masses of methane and oxygen are mixed in an empty 
container at 25°C. The fraction of the total pressure exerted by 
oxygen is: (AIEEE 2007; EAMCET (Med.) 2010] 


(a) 


1 


(b) 


. , 1 273 

(c) - X- 

3 298 


(d) 


1 


Percentage of free space in a body centred cubic unit cell is : 

(CBSE (PMT) 2008] 

(a) 34% (b) 28% (c) 30% (d) 32% 

Which of the following statement is not correct ? 

ICBSE (PMT) 2008] 

(a) The number of carbon atoms in a unit cell of diamond is 4, 

(b) The number of Bravis lattices in which a crystal can be 
categorized is 14. 

(c) The fraction of the total volume occupied by the atoms in a 
primitive cell is 0,48. 

(d) Molecular solids are generally volatile. 

If a stands for the edge length of the cubic systems : simple 
cubic, body centred cubic and face centred cubic, then the 
ratio of radii of the spheres in these systems will be 
respectively : [CBSE (PMT) 2008] 


,, 1 41 S 

111 

,, 1 ^ 1 . 

(c) - a : — a\ 

1 4 


ib)la-.Sa:Sa 

(d)F‘^:^/3<i:^ 


[Hint: Simple unit cell, 

Body centred unit cell, r = 
Face centred unit cell, r = 


1 

r = a/2 

a4i 

~4~ 
— 1 


239. The term that corrects for the attractive forces pr^ent in a real 
gas in the van der Waals’ equation is: (IIT 2009) 


(a) nb 


(b) 


an 


(c) 


-an 


(d) -nb 


240. Which is not the correct statement for ionic solids in which 

positive and negative ions are held by strong electrostatic 
attractive forces? (DCE 2009) 

/ 

(a) The ratio — increases as coordination number increases 

r~ 

(b) As the difference in size of ions increases coordination 

number increases + 

Y „ 

(c) When coordination number is eight, the — ratio hes 

between 0.225-0.414 ^ 

(d) In ionic solid of the type AX (ZnS, Wurtzite) the 
coordination number of Zrr* and S*" respectively are 4 
and 4 

241. The packing efficiency of the two-dimensional square unit cell 


shown below is: 


(IIT 2010) 



(a) 39.27% (b) 68.02% 

(c) 74.05% . (d) 78.54% 

[Hint: a4i = 4r 

a = l4lr 

Packing ftaction=Qgi ^ ^ ^g x 100 
Total area 


Inr^ 

(ijlrf 


X100 = 78.5%] 


Set-2; The questions given below may have more 
than one correct answers 

1- If force of attraction between the molecules is negligible, 
van der Waals’ equation (for one mole) will become: 

(a) PV = RT + Pb (b) F = ■ “ 


ic)PV = RT+a/V 


V-b 
(d) PV = RT-alV 
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2. van der Waals’ equation for: 


8. According to Charles’ law: 


A. High pressure 

(i) PV = RT + Pb 

(a) F oc 1 

(b) 

B. Low pressure 

(ii) PV = RT-a/V 

T 


C. Force qf attraction is 

(ui) PV = RT + a/V 

(OW 

(d) 

negligible 


[dVJp 



dT 


= K 


T T- 


0 


D. Volume of molecules is (iv) \p + — \(V-b) = RT 
negligible v ^ J 

(a) A(iv),B(ii).C(i),D(iii) 

(b) A(i),B(ii),C(iii),D(iv) 

(c) A(iv).B(iii),C(ii),D(i) 

(d) A(iv),B(ii),C(iii),D(i) 

van der Waals’ constants for three different gases are given: 


Gases 

a 

b 

X 

3.0 

0.025 

Y 

10.0 

0.030 

Z 

6.0 

0.035 


Which is correct? 

(a) Maximum critical temperature —Y 

(b) Most ideal behaviour —X 

(c) Maximum molecular volume—Z 

(d) All are correct 

4. What is the ratio of mean speed of an Oj molecule to the rms 
speed of an Oj molecule at the same T ? 


(a) (371/7)' 

(C)(37t)' 


1/2 


, 1/2 


1/2 


(b) (16/971)' 
(d) (4n/9f^ 


Boyle’s law may be represented as: 
^dP ^ 

■ K/V 


(a) 


(c) 


dV^ 
dP '' 

Iv 


-__L 

J/2 

: constant 


(b) 


(d) 


dP'^ 

Iv 


Jt 


V 


dP 

Iv 


K 


■>T 


where, K = 

If pressure of a gas is increased by 1% when heated by 1°C, its 
initial temperature must be (if volume remains constant); 

(a) 100 K (b) 100°C (c) 250 K (d) 250“C 

Which of the following are not the units of gas constant, /?? 
(a) dyne K~’ mol”' 

(c) cm^ K”' mol”’ 


(b) erg deg”' mol ’ 

(d) kPa dm^ K”' mol”’ 


9. 


10 . 


12 . 


In the following statements ; 

(A) ideal gases are liquefied only at very low temperatures 

(B) ideal gases can not be liquefied 

(C) ideal gas behaviour is observed by real gases at low 
pressures 

(D) ideal gases do not exist 

The correct statements are : (ISAT 2010) 

(a) A, B, C and D (b) A, B and C 

(c) B, C and D (d) C and D 

Which of the following relationships is/are not true? 


(a) Most probable velocity = ^ 

(b) PF==-kr 

2 

(c) Compressibility factor Z = 


2Rr 

M 

PV 

nRT 


1 


(d) Average kinetic energy of gas - “ 


11 . 


(11X1991) 


According to kinetic theory of gases: 

(a) the pressure exerted by a gas is proportional to mean 
square velocity of the molecules 

(b) the pressure exerted by the gas is proportional to the root 
mean square velocity of the molecules 

(c) the root mean square velocity is inversely proportional to 
the temperature 

(d) the mean translational KB of the molecule is directly 
proportional to the absolute temperature 

A gas described by van der Waals’ equation : (IIT 2008) 

(a) behaves similar to an ideal gas in the limit of large molar 
volume 

(b) behaves similar to an ideal gas in the limit of large 
pressures 

(c) is characterised by van der Waals’ constant that are 
dependent on identity of the gas but are independent of the 
temperature. 

(d) has the pressure that is lower than the pressure exerted by 
the same behaving ideally. 


Assertion-Reason TYPE QUESTIONS 


Set-1 

The questions given below consist of an ‘Assertion* (A) and the 
‘Reason’ (R). Use the following keys to choose the appropriate 
answer; 

(a) If both (A) and (R) are correct, and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct, but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct, but (R) is incorrect. 


(d) If (A) is incorrect, but (R) is correct. ^ 

1 . (A) The heat absorbed during the isothermal expansion of an 

ideal gas against vacuum is zero. 

(R) The volume occupied by the molecules of an ideal gas is 
zero. (IIT 2000) 

2. (A) The pressure of a fixed amount of an ideal gas is 

proportional to its temperature. 

(R) Frequency of collisions and their impact both increase in 
proportion of the square root of temperature. (IIT 2000) 
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3. iA)Cp -Cy = R for an ideal gas. 

(R)[^ 

4. (A) A lighter gas diffhses more rapidly than a heavier gas. 

(R) At a given temperature, the rate of diffusion of a gas is 

inversely proportional to the square root of its density. 

5. (A) On cooling, the brown colour of nitrogen dioxide 

disappears. 

(R) On cooling, NOj undergoes dimerisation resulting in the 
pairing of the odd electrons in NO 2 . 

6. (A) The value of the van der Waals’ constant ‘a’ is larger for 

ammonia than for nitrogen. 

(R) Hydrogen bonding is present in ammonia. 

7. (A) The Joule-Thomson coefficient for the ideal gas is zero. 
(R) There are no intermolecular attractive forces in an ideal gas. 

8. (A) At 27°C, the kinetic energy of 8 gram of methane is equal 

to the kinetic energy of 16 gram of oxygen. 

(R) The total heat change in a reaction is the same whether the 
chemical reaction takes place in one single step or in 
several steps. (EAMCET2006) 

9. (A) A closed cylinder containing high pressure gas tends to 

rise against gravity when the gas is allowed to escape 
through an orifice at the bottom. 

(R) The velocity of escaping gas develops an upward thrust 
proportional to the area of cross-section of the orifice. 

(SCRA 2007) 

[Hint: Assertion is correct but reason is wrong as the velocity of 
escaping gas is inversely proportional to the area of cross- section 
of orifice.] 

10. (A) Meniscus of a liquid disappears at the critical temperature. 
(R) Density of liquid and its gaseous phase become equal at 

the critical temperature. [BHU (Screening) 2008] 

11. (A) Graphite is soft while diamond is hard. 

(R) Graphite has three dimensional structure while diamond 
has planar. (BHU (Screening) 2008] 

12. (A) White tin is an example of tetragonal system. 

(R) For tetragonal system a = b = c and a = p = y # 90. 

Set-2 

The questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following foiu- responses: 

(a) If both (A) and (R) are true and (R) is the correct explanation 
for (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation for (A), 

(c) If (A) is hue but (R) is false. 

(d) If both (A) and (R) are false. 

13. (A) Sulphur dioxide and chlorine are both bleaching agents. 

(R) Both are reducing agents. (AIIMS 1994) 

14. (A) Nitrogen is unreactive at room temperature but becomes 

reactive at elevated temperatures (on heating or in the 
presence of catalysts). 

(R) In nitrogen molecule, there is extensive delocalisation of 
electrons. (AIIMS 1996) 

15. (A) Noble gases can be liquefied. 

(R) Attractive forces can exist between non-polar molecules. 

(ARMS 1998) 
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0 for an ideal gas. 
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16. (A) Under similar conditions of temperature and pressure, Oj 
diffiises 1.4 times faster than SO 2 . 

(R) Density of SO 2 is 1.4 times greater than that of O 2 . 

. 17. (A) On compressing a gas to half the volume, the number of 
moles is halved. 

(R) The number of moles present decreases with decrease in 
volume. 

18. (A) The plot of volume (V) versus pressure {P) at constant 

temperature is a hyperbola in the first quadrant. 

(R) F oc 1 / P at constant temperature. 

19. (A) At constant temperature, if pressure on the gas is doubled, 

density is also doubled. 

(R)At constant temperature, molecular mass of a gas is 
directly proportional to the density and inversely 
proportional to the pressure. 

20. (A) If H 2 and Clj enclosed separately in the same vessel exert 

pressures of 100 and 200 mm respectively, their mixture in 
the same vessel at the same temperature will exert a 
pressure of 300 mm. 

(R) Dalton’s law of partial pressiues states that total pressure 
. is the sum of partial pressures. 

21. (A) Most probable velocity is the velocity possessed by 

maximum fraction of molecules at the same temperature. 
(R) On collision, more and more molecules acquire higher 
speed at the same temperature. 

22. (A) Compressibility factor (Z) for non-ideal gases is always 

greater than 1. 

(R) Non-ideal gases always exert higher pressure than 
expected. 

23. (A) van der Waals’ equation is applicable only to non-ideal 

gases. 

(R) Ideal gases obey the equation PV = nRT. 

24. (A) Helium shows only positive deviations from ideal 

behaviour. 

(R) Helium is an inert gas. 

25. (A) Gases are easily absorbed on the surface of metals, 

especially transition metals. 

(R) Transition metals have free valencies. 

26. (A) SO 2 gas is easily liquefied while H 2 is not. 

(R) SO 2 has low critical temperature while H 2 has high critical 
temperature. 

27. (A) Di&sion is used in the enrichment of 

(R) A lighter gas diffuses more rapidly than a heavier gas. 

28. (A) Crystalline solids can cause X-rays to diffract. 

(R) Interatomic distance in crystalline solids is of the order of 

0.1 nm. (ARMS 2004) 

29. (A) The effusion rate of oxygen is smaller than that of 

nitrogen. 

(R) Molecular size of nitrogen is smaller than that of oxygen. 

(AIIMS 2004) 

30. (A) The compressibility factor for hydrogen varies with 

pressure with positive slope at all pressures. 

(R) Even at low pressures, the repulsive forces dominate in 
hydrogen gas. (ARMS 2005) 

31. (A) Graphite is an example of tetragonal crystal system. 

(R)For a tetragonal system a = b ^ c,o. = and 

Y = 120P. (ARMS 2006) 

32. (A) No compoimd has both Schottky and Frenkel defects. 

(R) Both defects change the density of the solid. 

(ARMS 2008) 
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C : OBJECTIVE QUESTIONS 


• Set-1 


1. (c) 

2. (d) 

3. (d) 

4. (a) 

5. (a) 

6. (b) 

7. (b) - 

8. (c) 

9. (a) 

10. (a) 

11. (a) 

12. (c) 

13. (b) 

14. (c) 

15. (d) 

16. (d) 

17. (b) 

18. (b) 

19. (d) 

20. (a) 

21. (d) 

22. (b) 

23. (a) 

24. (a) 

25. (c) 

26. (a) 

27. (a) 

28. (d) 

29. ,(b) 

30. (c) 

31. (a) 

32. (b) 

33. (a) 

34. (b) 

35. (b) 

36. (a) 

37. (d) 

38. (b). 

39. (c) 

40. (b) 

41. (d) 

42. (d) 

43. (c) 

44. (c) 

45. (a) 

46. (b) 

47. (d) 

48. (c) 

49. (c) 

50. (c) 

51. (d) 

52. (b) 

53. (d) 

54. (c) 

55. (a) 

56. (a) 

57. (a) 

58. (d) ■ 

- 59. (d) 

60. (a) 

61. (b) 

62. (b) 

63. (c) 

64. (c) 

65. (d) 

66. (c) 

67. (a) 

68. (d) 

69. (b) 

70. (b) 

71. (d) 

72. (a) 

73. (a) 

74. (c) 

75. (d) 

76. (c) 

77. (b) 

78. (c) 

79. (d) 

80. (a) 

81. (c) 

82. (b) 

83. (a) 

84. (d) 

85. (c) 

86. (c) 

87. (a) 

88. (b) 

89. (a) 

90. (d) 

91. (c) 

92. (b) 

93. (d) 

94. (a) 

95. (d) 

96. (b) 

97. (b) 

98. (c) 

99. (a) 

100. (d) 

101. (a) 

102. (d) 

103. (b) 

104. (c) 

105. (c) 

106. (a) 

107. (d) 

108. (b) 

109. (b) 

no. (b) 

111. (d) 

112. (a) 

113. (c) 

114. (b) . 

115. (a) 

116. (d) 

117. (a) 

118. (a) 

119. (b) 

120. (c) 

121. (d) 

122. (d) 

123. (c) 

124. (d) 

125. (b) 

126. (b) 

127. (c) 

128. (a) 

129. (a) 

130. (c) 

131. (b) 

132. (a) 

133. (d) 

134. (d) 

135. (a) 

136. (b) 

137. (d) 

138. (c) 

139. (b) 

140. (a) 

141. (a) 

142. (b) ■ 

143. (c) ^ 

144. (a) 

145. (b) 

146. (c) 

147. (c) 

148. (d) 

149. (d) 

150. (c) 

151. (b) 

152. (a) 

153. (c) 

154. (b) 

155. (d) 

156. (c) 

157. (c) 

158. (b) 

159. (d) 

160. (b) 

161. (d) 

162. (b) 

163. (b) 

164. (c) 

165. (b) 

166. (b) 

167. (a) 

168. (a) 

-169. (b) 

170. (d) 

171. (c) 

172. (d) 

173. (c) 

174. (b) 

175. (d) 

176. (a) 

177. (d) 

178. (b) 

179. (a) 

180. (a) 

181. (b) 

, 182. (a) 

183. (c) 

184. (b) 

185. (c) 

186. (d) 

187. (a) 

188. (c) 

18^. (b) 

190. (b) 

191. (d) 

192. (b) 

193. (a) 

194. (c) 

195. (a) 

196. (d) 

197. (d) 

198. (c) 

199. (c) 

200. (c) 

201. (a) 

202. (b) 

203. (c) 

204. (c) 

205. (a) 

206. (b) 

207. (b) 

208. (a) 

209. (b) 

210. (d) 

211. (a) 

212. (d) 

213. (c) 

214. (b) 

215. (a) 

216. (a) 

217. (d) 

218. (a) 

219. (c) 

220. (b) 

221. (c) ^ 

222. (c) 

223. (a) 

224. (c) 

225. (b) 

226. (b) 

227. (d) 

228. (d) 

229. (c) 

230. (b) 

231. (b) 

232. (b) 

233. (a) 

234. (a) 

235. (d) 

236. (d) 

237. (c) 

238. (c) 

239. (b) 

240. (c) 

241. (d) 








• Set-2 








1. (a) 

2. (a) 

3. (d) 

, 4. (b) 

5. (a) 

■ 6. (a) 

7. (a, c) 

8. (b, c, d) 

9. (c) 

10. (d) 

11. (b, d) 

12. (a, c) 






/ ASSERTION-REASON TYPE QUESTIONS 




1. (b) 

2. (c) 

3. (b) 

4. (a) 

5. (a) 

6. (a) 

7. (a) 

8. (b) 

9. (c) 

10. (a) 

11. (c) 

12. (c) 

13. (c) 

14. (c) 

15. (a) 

16. (c) 

17. (d) 

18. (a) 

19. (c) 

20. (d) 

21. (c) 

22. (d) 

23. (b) 

24. (b) 

25. (a) 

26. (c) 

27. (b) 

28. (c) 

29. (c) 

30. (a) 

31. (d) 

. 32. (d) 
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Brain Storming Problems 




#OBJEcnvE QuEsnoNs)/oy 1 IIT ASPIRANTS \ 


The following questions have single correct option: 


1 , Which of the following graphs is not a straight line for an ideal 
gas? 

{a) V-^T (b) r P (c) (d) 

2. The quantity {PV! k^T ) represents the: 

(a) number of molecules in the gas 

(b) mass of the gas 

(c) number of moles of the gas 

("d) translational energy of the gas 
[Hint: PV = nPT 

= ?L 

RT 

■' PV 

Number of molecules = N, - 

PV . PV 

(RIN^)T~ k,T 


3. 


where, kg = Boltzmann constant.] 

1 litre of Nj and 7/8 litre of Oj at the same temperature and 
pressure were mixed together. What is the relation between the 
masses of the two gases in the mixture? 

(a) Mn, = 3Mo^ (b) Mh, = 8 M 03 

(c)Mn,=Mo^ (d)MN, = 16 Mo, 


M 

PV = — RT 
m 

...(i) 

Pxl= RT 

28 

Pxl = ^^RT 

8 32 

, . . (ii) 


Dividing eq. (i) by eq. (ii), we get 

4 . A box is divided into two equal compartments by a thin 
partition and they are filled with gases X and Y respectively. 
The two compartments have a pressure of 250 torr each. The 
pressure after removing the partition will be equal to: 

(a) 125 torr (b) 500 torr (c) 250 torr (d) 750 torr 

5 . The density of a gas ^ is twice that of a gas B at the same 
temperature. The molecular mass of gas B is thrice that of A. 
The ratio of the pressures acting on A and B will be: 

(a) 6:1 (b)7:8 (c)2:5 (d) 1:4 

[Hint: Pm = dRT 

Pa^a ^ 

Rgma dgRT 



P,:Ps=6:l] 

6 . In the corrections made to the ideal gas equation for real gases, 
the reduction in pressure due to attractive forces is directly 
proportional to: 


ia)n/V (b) nb (c) ~ (d) 

V 

[Hint: Pressure correction = a —^ 

V ^ 

Pressure correction « ] 


7. Which of the following conditions is favourable for 
liquefaction of gas? 

(a)r>r,;P>p, (b)r<r,;p>p, 

{c)T = T„p = p, (d)r = r„p<p, 

8 . An ideal gas of certain mass is heated in a small vessel and 
then in a large yessel, such that their volume remains 
unchanged. The P-T curves are: 

(a) parabolic with same curvature 

(b) parabolic with different curvatures 

(c) linear with same slope 

(d) linear with different slopes 
[Hint: 



Straight lines with different slopes will be obtained.] 

9. A spherical air bubble is rising from the depth of a lake when 
pressure is P atm and temperature is T K. The percentage 
increase in its radius when it comes to the surface of a lake will 
be: (Assume temperature and pressure at the surface to be 
respectively 2T K and P / 4.) 

(a) 100% (b) 50% (c) 40% (d) 200% 

PV PV 

[Hint: : P| = initial volume, Fj = final volume 

T, T 2 

PK, _ P V 2 

T ~ 4 ^ 2 T 

V-y 

F, =-i 

' 8 


K, = 8 Fi 

F, = 8 X - = - 7c(8ry 

^ 3 3 

New radius = 2r (.-. 100% radius will increase)] 

10 . It is easier to liquefy oxygen than hydrogen because: 

(a) oxygen has a higher critical temperature and lower 
inversion temperature than hydrogen 

(b) oxygen has a lower critical temperature and higher 
inversion temperature than hydrogen 
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(c) oxygen has a higher critical temperature and a higher 
inversion temperature than hydrogen 

(d) the critical temperature and inversion temperature of 
oxygen is very low 

11. 2 mole ‘He’ is mixed with 2 gm of Hj. The molar heat capacity 

at constant pressure for the mixture is: 

. , 17J? _ lli? , , 3R 

(a) — (b) (c) 4R (d) — 


[Hint: for ‘He’ =^R;Cp^ for Hj ■ 


"He 


5 
2 ' 
■ 2 ; 


I 


n,Cp + n,C 




R 


5 7 

2x-R+\x-R 
2 2 


HR 


«1 + «2 

] 


12. The van der.Waals’ constant ‘ a’ for the gases O 2 , N 2 , NH 3 and 
CH 4 are 1.36,1.39,4.17 and 2.253 respectively, the gas which 
can be most easily liquefied is: 

(a) O 2 (b) N 2 (c) NH 3 (d) CHL, 

[Hint; The van der Waals’ constant ‘a’ is directly proportional 
to the intermolecular force; hence, the gas with greater value 
of'a' can be most easily liquefied.] 

13. At what temperature will the molar kinetic energy of 0.3 mole 
of ‘He’ be the same as that of 0.4 mole of argon at 400 K? 

(a) 700 K (b) 500 K (c) 800 K (d) 400 K 

3 


[Hint: 


KE = -nRT 


H = 1 , for molar kinetic energy 
^3 


•xlxilXjT 


Helium 


3 ^ 

- X 1 X i? X 4001 


Argon 


r=400K] 

14, Let and P be the saturated partial pressure and partial 
pressure of water respectively. Then the relative humidity is 
given by: 


(b) jXlOO 


(d) (P + PJx lOO 


P +P 

(a) X 100 

Ps 

(c) ^ X 100 
P 

15. Molar volume of a monoatomic gas at Pq and Fq is 0.5 times its 
molar volume at IOPq and at the same temperature. Ignoring 
the value of the van der Waals’ constant 'a', the radius of the 
gas molecules is given by: 

(a)^ 


(b) 


''o. 6 Pr„^'” 


PqNk 


(c) 


,20PoMi, 


, 1/3 


(d) 


, V 1/3 




where, N = Avogadro’s number 

16. A vessel is filled with a mixture of oxygen and nitrogen. At 
what ratio of partial pressures will the mass of gases be 
identical? 

(a) PiOj ) = 0.78SP(N2 ) (b) PiOj ) = 8 . 75 F(N 2 ) 

(c) F (02 ) = 1 14P(N2 ) (d) P{ 02 ) = 0.875P{N2 ) 


[Hint: PF = nRT 

w 

PV^-RT 

m 

^ Po/-f^RT ...(i) 

PH/=^pr .,.(ii) 

■ Pq^ ^ 28 
4:^ 32 

Po, =0.875 PnJ 

17. KCl crystallises in the same type of lattice as does NaCl.Given 
that r + = 0.55 and lr„- = 0.74. Calculate the ratio 

of the side of the unit cell for KCl to that of NaCl 


(a) 1.123 
(e) 1.732 

[Hint: 


(b) 0.891 
0.55, 


'Na' 


'cr 


Na'' 


tr 


+ 1= 1.55 


■^+1= 1.74 
^ 1 " 

Dividing (2) by (1) 
1.74 

1.55 


(c) 1.414 
:0.74 


[PET (Kerala) 2008] 
(d) 0.414 


V 


A,- 

a 


1-74 _ 'k- + "cr 


r 

cr 


Na 


...( 1 ) 

...( 2 ) 


cr 


^ . ^- ■ ■ = 1 . 122 ] 

"Na- + "cr 

18. 8:8 coordination of CsCl is found to change into 6 : 6 coor¬ 
dination: 

(a) on increasing the pressure 

(b) on increasing the temperature 

(c) on decreasing the pressure 

(d) on decreasing the temperature 

19. An alloy of Cu, Ag and Au is found to have copper constituting 
ccp lattice. If silver atoms occupy the edge-centres and gold is 
present at body-centre, the alloy has the fonnula: 

(a) Cu 4 Ag 2 Au (b) Cu 4 Ag 4 Au 

(c) Cu 4 Ag 3 Au (d) CuAgAu 

[Hint: In ccp arrangement, Cu atoms occupy the comers and 

face-centres, 

.-. Number of Cu atoms = 8xi + 6x- = 4 
8 2 

Number of silver atoms = Number of edge - centres x — 

4 

= 12x-!- = 3 

4 

Number of gold atoms = I (at body-centre) 

Formula of alloy = Cu 4 Ag 3 Au] 

20. The anions (A) form hexagonal closest packing and atoms 
(M) occupy only two-third of octahedral voids in it; then the 
general formula of the compound is: 

(a) MA (b) ^2 (c) ^^ 2^3 (d) M^A^ 
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21. In a face-centred cubic of A and S-atoms in which A atoms are 
at the comers of the unit cell and 5-atoms at the face-centres, 
one of the /4-atoms is missing from one corner in unit cell. The 
simplest formula of the compound is: 


(a) A^B^ (b) .453 
[Hint: Number of A atoms ^ 


(c) AjB24 


1 


Number of B atoms = 6 x 


Xl: 

1 


(d) 


A ^821 


A:B- 


■; 3 = 7:24 


Molecular formula = / 47 S 24 ] 

22. Select the incorrect statement(s): 

(a) Schottky defect is not shown by CsCl 

(b) Frenkel defect is shown by ZnS 

(c) hep and cep structures have different coordination 
numbers 

(d) at high pressure, the coordination number increases 

23. Select the incorrect statement: 

s 

(a) In CsCl unit cell, + r = — / 

' ^ Cs* Cl 2 

(b) In NaCl unit cell, ^ 


24. 


25. 


26. 


27. 


(c) In CsCl unit cell, 68% space is void 

(d) In NaCl unit cell, 26% space is void 

The ionic radii of Rb'^ andl ” are 1,46 and 2.16 A respectively. 
The most probable type of stmeture exhibited by it is: 

(a) CsCl (b) NaCl (c) ZhS (d) CaFj 
Perovskite is a mineral with the formula CaTi 03 . Which of the 
positive ions in the crystal is more likely to be packed indhe 
octahedral holes? 


(a) Ti‘‘"' (b) Ti^^ (c) Ca^"- (d) Oj 

Which of the following is incorrect ?[BHU (Screening) 2008] 

(a) A real gas behaves like ideal gas over a wide range of 
pressure (~ 100 atm) at Boyle point 

(b) A real gas behaves like an ideal gas over a wide range of 
pressure {~ 100 atm) at critical temperature of the gas. 

(c) [ I = 0 for an ideal gas 

Jy 


(d) 


dV L 


■ for a real gas obeying van der Waal’s 


equation 

; A real gas cannot behave like ideal gas at critical 
temperature.] 


The number of atoms in 100 g of an fee crystal with density 
= 10 g / cm^ and cell edge as 200 pm is equal to: 

(a) 3 X 10^^ (b) 5 X 10^"* (c) 1 x (d) 2 x 10^^ 


28. In a cep structure, die: 

(a) first and third layers are repeated 

(b) first and fourth layers are repeated 

(c) second and fourth layers are repeated 

(d) first, third and sixth layers are repeated 


29. Which of the following compounds represents an inverse 2:3 
spinel structure? 

(a) Fe“ [Fe" Fe "']04 (b) PbO, 

(c) AI 2 O 3 (d) Mn 304 

30. A solid solution of CdBrj in AgBr contains: 

(a) Schottky defects 

(b) Frenkel defects 

(c) Colour centres 

(d) Frenkel as well as Schottky defects 

31. Which of the following coixectly represents the relation 
between capillary rise 7?’ and capillary radius ‘r’ ? 



[Hint: Capillaiy' rise decreases with increase in the radius of 
tube.] 

32. There is a depression in the surface of the liquid in a capillary 
when: 

(a) the cohesive force is smaller than the adhesive force 

(b) the cohesive force is greater than the adhesive force 

(c) the cohesive and adhesive forces are equal 

(d) none of the above is true 

IHint; Depression in the surface takes place when 
intermolecular attraction force of liquid called cohesive force 
dominates the force of attraction between the liquid and the 
capillary called adhesive force.] 

33. Surface tension does not vary with: 

(a) temperature (b) vapour pressure 

(c) the size of surface (d) concentration 

34. Which among the following has the least surface tension? 

(a) Benzene (b) Acetic acid 

. (c) Diethyl ether (d) Chlorobenzene 

35. The SI unit of the coefficient of viscosity is: 

(a).N s^’ m"' (b) N s m“' (c) N s‘ ‘ nC^ (d) :N s~* 

36. Compressibility factor for a gas under critical condition is; 

(a) 3/8 (b) 8/3 (c) 1 (d) 1/4 

Bint: P,V^=^Rr^ 
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37. Critical temperature of H 2 O is greater than that of O 2 because 
H 2 O molecules have: 

(a) greater dipole moment 

(b) V-shape 

(c) lesser number of electrons 

(d) it has only sigma bonds 

38. For van der Waals’ constants ‘a' and 'b\ the unit of the ratio — 

b 

will be: 


(b) litre-atmmol ‘ 

(d) litre mor' 

Unit of a = atm litre^ mol"^ 

Unit of b = litre moU' 

r, . atm litre^ mol"^ 

Unit ,of - =-i—" 

vbj litre moF 

= atm litre moF' ] 

39. Select the correct order of the following temperatures: 
Boyle teihpT Critical temp. Inversion temp. 

(A) (B) (C) 


(a) atm litre ' 

(c) litre-atmmoF 


[Hint; 


correctjon , y 2 

= nb 


(s) A >C>B (h) B>A>C 

(c) A >3>C (d) C>A>B 

[Hint: Tg (Boyle temp.) = — ; J) (Inversion temp.) = — 
Bg Rb 

T. (Critical temp.) = 

" TlRb 


40. 


41. 



T;>Tg>T,] 

The gas equation for a real gas is: 

P(V -b) = RT 

Here, the parameter ‘b’ is van der Waals’ constant. The graph 
of pressure against temperature (isochore) will give straight 
line of slope; 

(a) zero (b) —(c) R/P (d) negative 

(V -b) 

A crystalline solid is made of X, Y and Z elements. Atoms of X 
form fee packing; atoms of Y occupy octahedral voids while 
atoms of Z occupy tetrahedral voids. What will be the simplest 
formula of solid if atoms along one body diagonal are 
removed: 

(ay X.Y^Zg (b) (c) X^Y^Zs (d) XjK 

[Hint : Number of atoms of X(at packing site, i.e., at comers 
and face-centres) 

=8x-+6x-=4 
8 2 


Number of atoms of F = 4 
Number of atoms of Z = 8 ■ 

Along one body diagonal there will be two X atoms, one Y 

atom and two Z atoms are found and are removed. 

■ " 1 15 

Number of atoms of X will be = 4 — x2 = — 

■■■■ 8 4 


Number -otatoms of Y will be = 4 - 


Number oFStpms of Z will be = 8 - 2 = 6 


X: Y:Z 



5:4:8 


.'. Simplest formula will be X 5 y 4 Zg.] 

42. Which of the following pattern has void fraction of 0.26 ? 

(a) AAAA... (b) ABABAB... 

(c) ABCABCABC... (d) ABCCBAABC... 

43. .Two gas bulbs are coimected by a thin tube. Calculate the 
partial pressure of helium after the coimective valve is opened 
at a constant temperature of 27°C : 




(a) 1 atm 
[Hint; = 


"Ne 


(b) 0.328 atm (c) 1.64 atm (d) 0.166 atm 
PV 0.63x1.2 


Rt 0.0821x300 
2.8 X 3.4 


- = 0.03 


0.0821x300 


= 0.39 






He__ . 


0.03 


, + 0.03 + 0.39 


= 0.0714 


Total pressure after connecting the bulbs will be : 

f,Fi + F2F2=4(f, + F2) 

0.63 X 1.2 + 2,8 X 3.4 = Pg (1.2 + 3.4) 

Pg - 2.33 atm 

Fke “ %c 0.0714 X 2.33 = 0.166 atm] 


44. Ammonia gas at 76 cm Hg pressure was connected to a 
manometer. After sparking in the flask, ammonia is partially 
dissociated as follows; 

2NH3(g) ^ N2(g)+3H2(g) 

the level in the mercury column of the manometer was found 
to show the difference of 18 cm. What is the partial pressure of 
H 2 (g ) at equilibrium? 

(a) 18 cm Hg (b) 9 cm Hg 

(c) 27 cm Hg (d) 24 cm Hg. 

[Hint: . 2NH3(g) N 2 (g) + 3H2(g) 

/o 76 0 0 . 

‘eq. 76-2x JC 3x 

■ »tal pressure after dissociation = 76-2x + x + 3x = 76 + 2x 
Increase in pressure = 2x = 18 
X = 9 cm. 

Partial pressure of H 2 = 3x = 27 cm] 

45. Two balloons A and B are taken at 
300K. Maximum capacity of balloon 
A and balloon B are 800 mL and 1800 
mL respectively. When the balloon 
system is heated; which one will 
burst first? 

(a) Inner balloon (A) 

(b) Outer balloon (5) 

(c) Both balloons simultaneously 

(d) Cannot be predicted 
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13. 


(a) 850K (b) 300 K (c) 400 K (d) 600 K 

In NaCl structure, all the: 


(a) octahedral sites are occupied 

(b) tetrahedral sites are unoccupied 

(c) octahedral as well as tetrahedral sites are unoccupied 

(d) octahedral as well as tetrahedral sites are occupied 

The density of a certain solid AB (formula mass = 119) is 2.75 
g/cm^. The edge of the unit cell is 654 pm long. What is/are 
true about the solid ABl 

(a) It has bee unit cell 

(b) There are four constituents per unit cell 

(c) Unit cell constituted by anion is fee 

(d) Structure is similar to ZnS 


pint: Z ■ 


a xdxN 


M 


(654 X 10~'“)-^ X 2.75 x 6.023 x IQ- 
119 


|23 


:4] 


14. The unit cell of a crystalline solid is bounded by / (faces), e 
(edges) and c ■ (interfacial angle). Which of the following 
relations is correct? 

(a) / + e = c + 2 (b) / + c = e + 2 

(c) c + e = / + 2 (d) None of these 

15. Which of the following, diagrams correctly describes the 
behaviour of a fixed mass of an ideal gas? (f is measured in K) 

[PMT (Kerala) 2007; CMS Vellore (Med.) 2008; 

CET (Punjab) 20081 




16. 


17. 



Molar mass of Ne atom is ten times of H 2 molecule. Which of 

the following statement is/are true? 

(a) Both these gases have same Kinetic Energy at 27°C 

(b) H, molecule will travel 10 times faster than Ne atom at 
same temperature 

(c) Pressure of 1 mol Ne atom and 1 mole H 2 molecules will 
be same 

(d) Ten mole of Hj and 1 mole of Ne will have same volume at 
a temperature of 27°C 

Select the correct conditions indicated below the following 

plots: 


Isochores 



{Vi>V2>V3) 

Isotherms 


Isobars 



(Pi < P 2 < P 3 ) 
isotherms 



CTi<T2<T3) 


(d) I 


-T 3 

■Ta 

-Ti 


{Ti<T2<T3) 




e Single correct option 


1 . 

(d) 

2. (a) 

3. (c) 

1. 

(c) 

9. 

(a) 

10. (c) 

11. (a) 

12. 

(c) 

17. 

(a) 

18. (b) 

19. (c) 

20. 

(c) 

25. 

(a) 

26. (c) 

27. (b) 

28. 

(b) 

33. 

(c) 

34. (e) 

35. (b) 

36. 

(a) 

41. 

One 

(a) 41.j{c) 43. (d) 

or more than one correct options 

44. 

(c) 

1. 

(b,c) 

2. (a,b) 

3. (b, c) 

4. 

(a, c) 

9, 

17, 

(a,b) 

(a, c, d) 

1«. (a,b,c) 

11. (a) 

12. 

(a,'b) 


5. 

(a) 

6. 

(d) 

7. 

(b) 

8. 

(d) 

13. 

(d) 

14. 

(b) 

15. 

(c) 

16. 

(d) 

21. 

(c) 

22.- 

(a, c) 

23 . 

(c) 

24. 

(b) 

29. 

(a) 

30. 

(d) 

31. 

(b) 

32. 

(b) 

37. 

(a) 

38. 

(b) 

39. 

(d) 

40. 

tb) 

45. 

(b) 

46. 

(c) 





5. 

(a, d) 

6. 

(b.d) 

7. 

(a, b) 

8. 

(a, b) 

13. 

(b.c) 

14. 

(b) 

15. 

(e) 

16. 

(a, b, 
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Integer Answer TYPE QUESTIONS 


This section contains 14 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question numbers 
X, Y, Z and W (say) are 6,0, 9 and 2 respectively, then 
the conect darkening of bubbles will look like the 
given figure : 


1. A substance AxBy crystallises in a face centred cubic -lattice. 

Atoms occupy each comer of unit cell and atoms of'B’ 
occupy centre of each face of the cube. Total number of atoms 
of A and B in one unit cell will be. ' 

2. In KBr crystal structure, the number of second nearest 

neighbour of ions are. 

3. Density of lithium atom is 0.53 g/cm^, The edge length of Li is 
3.5 A. The number of lithium atoms in a unit cell will be 
.(Atomic mass of lithium is 6.94) 

4. A cubic solid is made up of two elements P and Q. Atoms of Q 
are present at the comers of the cube and atoms of P at the 
body centre. The coordination number of P and Q will be 


5. If there are 3 moles of atoms present in the packing of pattern 

ABC ABC ABC .The number of moles of tetrahedral voids 

is equal to. 

6. The number of atoms in HCP unit cell is. 

7. How many effective Na " ions are present in rock salt NaCl? If 
ions along one axis joining opposite faces are removed? 

. 8. How many moles of SO 2 will occupy a volume of 10 litre at a 
pressure of 15 atm and temperature 624 K? (a = 671 atm L' 
mol"^; b = 0,0564 litre mor') , 


X Y z w 

WWW® 
(DO® (D 
( 2 ) @ © © 
®@©( 2 ) 
@ €) ® @ 
® ® © ® 
® © ® © 
@ ® © © 
® ® ® ®i 

® ® @ ® 


9 . 3.2 g of oxygen and 0.2 g of hydrogen are placed in 1.12 litre 
flask at 0°C. The total pressure in atm of the gas .mixture will 
be.. 

10. A mixture of non reacting gases exert a pressure of 5 atm. If 
one of the gases ^occupy 40% volume of the mixture, what 
would be its partial pressure in atm? 

11. A gas is found to have the formula (C 3 O 2 )„. Its vapour density 

is 34. The value of .n will be. 

12. The weight of hydrogen gas obtained from 42- g of CaHj by 

treatment with water is.gm. 

13. The stop cock containing two bulbs of volume 5 litre and 10 
litre containing an ideal gas at 9 atm and'60 atm respectively is • 
opened. What is the final pressure in atin if the temperature 
remains the same? 

14. At 400 K, the root mean square, (rms) speed of gas X 

(molecular mass = 40) is equal to the most probable speed of 
gas Y at 60 K. The molecular mass of the gas T is. 

(IIT2009) 



1 3/1400 
V 40 

sf30 


2R60 

m 

4x30 

m 


m = 4] 



1. (4) 2. (12) 3. (2) 4 . (8) 5. (6). 6. (6) ' 7 . (3) 8. (3) 

9. (4) 10. (2) 11. (1) 12. (4) 13. (7) 14. (4) 
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W Linked Comprehension Type Questions 



• Passage 1 

The gases which strictly follow the general equation 
(PV = nRT )are called ideal or perfect gases. Actually, there is no 
go's which is perfect or ideal. A real gas is one which actually exists, 
whether it obeys gas laws strictly or not. Under ordinary conditions, 
only those gases nearly behave as ideal or perfect which have very 
low boiling points such as nitrogen, hydrogen, eic. The most easily 
liquefiable and highly soluble gases such as ammonia, carbon 
dioxide, sulphur dioxide show large deviations. 

A very convenient method of studying deviation of real gases from 
ideal behaviour is through a compressibility factor (Z), 



nRT 


(i) Z = 1, for ideal gases. 


(ii) Z # 1, for real gases. • 

^ns4er the following questions: 

1. Consider the equation Z = 


PV 

nRT 


.' which of the following 


statements is correct? 

(a) When Z > 1,' real gases are easier to compress than the 
ideal gas 

(b) When Z = 1, real gases get compressed easily 

(c) When Z > 1, real gases are difficult to compress 
When Z = 1, real gases are difficult to compress 

The compressibility of a gas is less than unity at STP, 
therefore: 

(a)F,>22.4L (b)F„<22.4L 

{c)F„=22.4L {d)F„ = 44.8L 

At low pressure, the van der Waals’ equation is reduced to: 

PV aP PV bP 

£Ii!L=l- (b)Z=^ * 

RT RT RT 

(c)PV„,=RT (d)Z = ^ = l- 


(a) Z = 


: 1 + - 


RT 


RT 

a 

Irt 


4 . At Boyle’s temperature, compressibility factor Z for a real gas 
is: 

(a)Z=l (b)Z=0 

{c)Z>l (d)Z<l 

[Hint: At Boyle’s temperature, the real gas behaves like an 

ideal gas.] * 

5 . The behaviour of a real gas is usually depicted by plotting 
compressibility factor Z versus pressure P at a constant 
temperature. At high temperature and pressure, Z is usually 
more than one. This fact can be explained by van der Waals’ 
equation when: 

(a) the constant ‘o’ is negligible but not ‘Z)’ 

(b) the constant ‘h’ is negligible but not ‘o’ 

(c) both the constants ‘o’ and ‘fe’ are negligible 

(d) both the constants ‘o’ and ‘b’ are not negligible 

6. The units of compressibility factor are: 

(a) atmL'"' (b) atm“' 

(c) L“* (d) unitless 


• Passage 2 

The gas molecules randomly move in all directions and collide 
with each other and with the wall of the container. It is difficult to 
determine the speed of an individual molecule but it has become 
possible to work out the distribution of molecules among different 
molecular speeds. This is known as Maxwell Boltzmann distribution. 

Consider the following graph about Maxwells distribution of 
speeds at two different temperatures T^ and Tj : 



—► Speed 

Answer the following questions: 

1. In the above graph the point ‘P’ refers to: 

(a) root mean square speed at 7] 

(b) average speed at P, 

(c) most probable speed at P, 

(d) highest possible speed at 2] 

2. The shaded area represents: 

(a) number of molecules having speed between u, and Uj 

(b) number of molecules having speed less than the most 
probable speed 

(c) number of molecules having at Pj 

(d) fraction of total molecules having average speed 

3. The'point Q refers to: 

(a) number of molecules with speed at P 

(b) fraction of total molecules with speed at P 

(c) root mean square speed 

(d) total kinetic energy of molecules at P 

4. Relation between P, and Pj is: 

(a)21=P2 (b)P, >P2 

(c) P] < Tj (d) carmot be predicted 

5. Total area under the curve at Pj is: 

(a) equal to that under curve at P 2 

(b) less than that under curve at P 2 

(c) greater than that under curve at Pj 

(d) can be greater or less than that under curve at P 2 , 
depending on the nature of the gas 

6. Select the correct statement{s): 

(a) Most probable speed increases with increase in 
temperature 

(b) Fraction of total molecules with most probable velocity 
decreases with increase in temperature 

(c) Area under the curve increases with mcrease in the temperature 

(d) none of the above 
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7. ■ The curve has which of the following characteristics? 

(i) It has symmetrical distribution of molecules against 
molecular velocity. 

(ii) The area under the curve gives the total number of 
molecules. 

(iii) The maxima of the curve shifts towards right as the 

temperature is raised. ' 

(iv) The area under the curve is independent of temperature. 
Select the correct statements from the codes given below; 

(a) (i),(ii) (b) (i), (ii) and (iii) 

(c) (ii), (iii) and (iv) (d) all are correct 


• Passages 


The essential conditions for liquefaction ofgases were discovered 
by Andrews in 1869 as a result of his study of 
pressure-volume-temperature relationship forC02. It was found that 
above a certain temperature, it wo? impossible to liquefy a gas 
whatever the pressure was applied. The temperature below which the 
gas can be liquefied by the application of pressure alone is called 
critical temperature (T^). The pressure required to liquefy a gas at 
this temperature is called the critical pressure (P^). The volume 
occupied by one mole of the substance at the critical temperature 
and pressure is called critical volume. Critical constants are related 
with van der Waals 'constant as follows: 

V=3b,P, « 


27b^ 


21 Rb 


Answer the following question 

1 . The relationship between P^, and T^ is; 

(a) P,F, = RT (b) P,F, = 3Pr, 

(c)P,F,=^RT, (d)P/^=lRf 

1. Which of the following parameters is three times the van der 
Waals’ constant ‘ft’ ? 

(a) Critical volume (b) Critical temperature 

(c) Vapour density (d) Critical pressure 

3. The critical temperature of: 

(a) a substance means the temperature above which the 
substance is in vapour form 

(b) a gas is the temperature below which it can be liquefiedby 
application of pressure 

(c) water is ]00°C 

(d) none of the above 

4. The pressure required to liquefy a"’^'' at the critical 
temperature ts called; 

(a) reduced pressure (b) critical pressure 

(c) vapour pressure (d) atmospheric pressure 


5. Gases 

A 

B 

C 

D 

P^ (atm) 

2.2 

14 

35 

45 

rjK) 

5.1 

33 

127 

140 


Which of the above gases cannot be liquefied at 100 K and 50 
atm? 

(a) D only (b) A only 

(c) T andB (d) CandD 

6. At critical point, the meniscus between liquid and vapour 
disappears due to: 


(a) zero refractive index (b) zero surface tension 

(c) zero viscosity (d) zero critical temperature- 

7. Gas A can be liquefied at room temperature by applying 
pressure but gas B cannot. This reflects: 

(a) critical temperature of B is less than that of A 

(b) critical temperature of B is greater than that of A 

(c) A and B have critical temperature greater than room 
temperature 

(d) critical temperatures of both are equal 

8. The values of critical volumes of four gases A, B,C and D are 
0.025 L, 0.312 L, 0.245 L and 0.432 L respectively. The gas 
with larger diameter will be: 

(a) A (b) D 

(c) B (d)C _ 

[Hint: .F^ = 3ft = 3 x 4iV x | nr^] 

• Passage 4 

Kinetic theory of gases is a generalization offered by Maxwell, 
Boltzmann, Clausius, etc., to explain the behaviour of ideal gases. 
This theory assumes that ideal gas molecules neither attract nor 
repel each other. Average kinetic energy of gas molecules is directly 
proportional to the absolute temperature. A gas equation called 
kinetic gas equation was derived on the basis of kinetic theory. 

PV = - mnv^ 

3 

Answer the following question 

1. Gas Density 

A 0.82 gL"‘ . 

B 0.26 gL"' 

C 0.51 gL'* 

Pick up the correct statement/statements: 

1. gas A will tend to lie at the bottom. 

2. the number of atoms of various gases A, B and C are 
same. 

3. the gases will diffuse to form homogeneous mixture. 

4. average kinetic energy of each gas is same. 

(a) 2,3 (b) 1,4 (c) 1 (d) 3,4 

~ 2 . Select the incorrect statements) about the real gases: 

1. The molecules attract each other. 

2. They show deviation from Boyle’s and Charles’ law. 

3. Volume of gas molecules are negligible. 

4. The molecules have negligible mass. 

(a) 2,3 (b)l,4 (c) I (d)3,4 

3. The average kinetic energy per molecule of an ideal gas is 
equal to: 

(a) 0.5 kJ (b) 0.5RT 

(c) 1.5A:r (d) 1.517^ 

4. Which of the following do not pertain to the postulates of 
kinetic theory of gases? 

(a) The gas molecules are perfectly elastic 

(b) Speed of gas molecules are ever changing 

(c) Pressure exerted by the gas is due to the collision of 
molecules with the walls of the container 

(d) . Kinetic energy of a gas is given by the sum of 273 and 

temperature in Celsius scale 
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<§> Self Assessment 



ASSIGNMENT NO. 4 


SECTION-I 

straight Objective Type Questions 

This section contains 14 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. Boyle’s temperature of four gases are given below: 

Gases A B C D 

Tb ■ 120 K 25 K 500 K 410 K 

which gas can be liquified most easily? 

(a) .4 (b)5 (c)C (d)Z) 

2. A gas is enclosed in a vessel of volume V at temperature T^ and 
pressure P\ the vessel is connected to another vessel of volume 
F / 2 by a tube and a stop cock. The second vessel is initially 
evacuated. If the stop cock is opened, the temperature of 
second vessel becomes T^. The first vessel is maintained at a 
temperature Tj. What is the final pressure in the apparatus? 


, , IPT^ 
(a)-^ 


272 + ^1 


(b)^ 


T 2 + 27, 


(c)- 


77, 


(d)^ 


i; +r, 


272 + ^1 

3. The ratio of rate of diffusion of gases A and 5 is 1:4. If the. 
ratio of their masses present in the mixture is 2:3, what is the 
ratio of their mole fraction? 




(b)- 

12 


(c) — 

16 


(d)-L 

24 


9. If the graph is plotted for 1 mol gas in such a way that PV is 
plotted against P then intercept of the graph for real gas will be: 
(a) RT + Pb + a (b) RT 

{c)RT-Pb + a (d)RT + Pb + ab + a 

10. The ratio of Boyle’s temperature and critical temperature for a 
gas is: 

(a) — (b) — (c) - (d) - 

27 8 2 1 

11. With which of the following elements silicon should be doped 
so as to givep-type semiconductor ? |CBSE (PMT) 2008] 
(a) Selenium (b) Boron (c) Germanium (d) Arsenic 

12. Total volume of atoms present in a face centred cubic unit cell 

of a metal is (r is atomic radius): IJIPrvlER 2008] 


(a) — Ttr^ 
3 


(b)—Ttr^ 
3 


3 


(d) —Ttr^. 
3 


13. How many effective Na"^ and Cl” ions are present respectively 
in the rocksalt (Nad). If ions along the axis joining opposite 
faces are removed ? 


(a) 4,^ 


7 7 
(b)-,- 
2 2 


( 0 ) 3.4 


(d)3,3 


14. Kinetic energy and pressure of a gas of unit mole are related as : 
(a)P = 2E {h)pA (c)P = |£ (d)^ = f 


4. D^sity of a gas at STP is 2g / L while the expected density is 
1.8 g / L assuming its ideal behaviour. Then: 

(a) gas behaves ideally 

(b) forces of attraction are dominant among gas molecules 

(c) forces of repulsion are dominant among gas molecules 

(d) none of the above 

5. In a crystalline solid, anions B are arranged in ccp lattice and 
cations A occupy 50% of the octahedral voids and 50% of the 
tetrahedral voids. What is the formula of the solid? 

(a) AB (b) A^Bj (c) AjBj (d) AjB^ 

6 . In a compound ^ 7204 , oxide ions are arranged in ccp and 
cations X are present in octahedral voids. Cations 7, are 
equally distributed among octahedral and tetrahedral voids. ■ 
The fraction of the octahedral voids occupied is: 

(a) - (b) - (c) - (d) - 

4 2 6 8 

7 . An ideal gas: 

(a) can be liquefied if its temperature is more than critical 
temperature 

(b) can be liquefied if its pressure is more than critical pressure 

(c) caimot be liquefied at any pressure and teihperature 

(d) can be liquefied if its temperature is more than Boyle’s 
temperature 

8 . A mineral is made of calcium, titanium and oxygen Ca^^ ions 

located at comers, Ti'*'^ ions at the body-centre and O^' ions at 
face-centres of the unit cell. The molecular formula of the 
mineral is. 

(a)CaTi 304 (b) CaTiOj (c) CaTi02 (d) CaTi 203 


SECTION-II 

Multiple Ansv^ers Type Objective Questions 

15. Which of the following measure the deviation from ideal 
behaviour of gas? 

(a) Collision diameter (b) Collision frequency 

(c) Compressibility factor (d) van der Waals’ constant 'o’ 

16. In face-centred cubic unit cell: 

(a) face diagonal of the cube is aV2 or Ar 

{a = edge length, r = radius of constituent units) 

(b) effective number of atoms in the unit cell is 4 

(c) 8 tetrahedral voids per unit cell 

(d) rank of the unit cell is 3 

17. Which of the following mixtures of gases at room temperature 
follow Dalton’s law of partial pressures? 

(a) NO and O 2 (b) CO and CO 2 

(c)NH3andHCl (d)S02and02 

18. A real gas can be liquefied: 

(a) under adiabatic expansion 

(b) above critical temperature 

(c) when cooled below critical temperature imder applied pressure 

(d) at temperature lower than critical temperature and 
pressure higher than critical pressure 

19. Which of the following statements is (are) correct? 

(a) In body-centred cubic unit cell, the coordination number is 
12 

(b) The coordination number of each type of ion in CsCl is 8 
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(c) A unit cell of an ionic crystal shares some of its ions with 
neighbouring unit cell 

(d) If = 95 pm; = 181pm; then edge length of unit 
cell of NaCl is 552 pm 

’ SECTION-III 


Statements (a, b, c and d) in Colutim-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubblfed as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and,(d-s); 
then correct bubbled 4x4 matrix should be as follows: 


Assertlon-Eeason Type Questions 

This section contain's 6 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 

X ' (c) Statement-1 is true; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 

20. Statement-1: The pressure inside the LPG cylinder remains 
constant even when it is in use at room temperature. 

Because 

Statement-2: Vapour pressure of any liquid is independent of 
its amount; it depends only on temperature. 

21. Statement-1: If a gas has compressibility factor (Z ) greater 
than unity, then repulsive forces are dominant. 

Because 

Statement-2: Value of Z decreases with increase in pressure. 

22. Statement-1: The value of Boyle’s temperature for a real gas 

Because 

Statement-2: At Boyle’s temperature, Tg, real gases behave 
ideally over a long range of pressure. 

23. Statement-1: CaC 03 shows polymorphism. 

Because 

Statement-2: CaC 03 exists in two forms called aragonite and 
calcite. 

24. Statement-1: Lead zirconate is piezoelectric solid. 

Because 

Statement-2: Lead zirconate crystals have no dipole moment. 

25. Statement-1: Band gap in germanium is small. 

Because 

Statement-2: The energy spread of each germanium atomic 
enei^ level is infinitesimally small. (I IT 2007). ' 
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26. Match the Column-I with Column-II: 

Column-I Column-II 


(a) High temperature 

(p)Z#l 

(b) Extremely low pressure 

(q)Pb<^ 

(c) Very high pressure 

(r)Z=l 

(d) Low pressure 

(s) Pb > - 

.r 


27. Match the Column-I with Column-II: 

Column-I Coiumn-II 

(a) Constituent units occupy only comers (p) 67.98% 

(b) Constituent units occupy comers as (q) 26.17% 

■ well as face-centres 

(c) -Constituent units occupy comers and (r) 74.01% 

body-centre 

(d) Constituent units occupy comers and (s) 52.33% 
edge-centres 

28. Match the Column-I with Colurmi-II: ^ (IIT 2007) 

Coiumn-I Coiumn-II 

(a) Simple cubic and (p) Have these cell 

face-centred cubic parameters. a = b = c 

and a = P = Y 

(b) Cubic and rhombohedral (q) Are two ciystal systems 

(c) ' .CubtSqnd tetragonal (r) Have only two 

crystallography angles 
of90° 


Matrix-Matching Type Questions (dj'‘Hexagonal and (s) Belong to same crystal 

This section contains 3 questions. Each question contains monoclinic system 

statement given in two columns which have to be matched. 




1 . (c) 

■ 2. (a) 

3. (b) 

4. (b) 

5.(b) , 

6 . (b) 

7. (c) 

8 . _(b) • 

9. (b) ■ 

10 . (b) 

11 . (b) 

12 . (a) 

■ 13. (d) 

14. (b) 

15. (c.d) 

16. '(a, b, c) 

17. (a, b,d) 

18. (a, c, d) 

19. (b, c, d) 

20 . (c) 

. 21. (c) 

22 . (b) 

23. (a) 

24. (q) 


25. (c) 26. (a-p) (b-p) (c-p, s) (d-p, q) 27. (a-s) (b-r) (c-p) (d-q) 28. (a-p, s) (b-p, q) (c-q) (d-q, r) 
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SOLUTIONS 

(G€n€rai and ColligativE PropertiEs) 




5.1 INTRODUCTION 

When two or more ehemically non-reacting substances are 
mixed, they form mixtures. A mixture may be heterogeneous or 
homogeneous. A heterogeneous mixture consists of distinct 
phases and the observed properties are just the sum of the 
properties of individual phases. However, a homogeneous 
mixture Consists of a single phase which has properties tliat may 
differ drastically from those of the individual components. 

A homogeneous mixture whose composition can be varied 
within certain limits is termed a true solution. 

The constituents of a solution cannot be separated by 
filtration, settling or centrifugal action. All solutions are 
characterised by (i) homogeneity, (ii) absence of settling and (iii) 
the molecular or ionic state of sub-division of the components. 

When the solution is com.posed of only two chemical 
substances, it is termed a binary solution. Similarly, it is called 
ternary and quaternary if it is composed of three and four 
components, respectively. ThuSj a solution may be regarded as 
a single phase containing more than one component. 

5.2 SOLVENT AND SOLUTE 

Every solution consists of a solvent and one or more solutes. 
Solvent in a solution is its constituent substance which has the 
same state of aggregation as that of the solution. Generally, the 
component present in greater amount than any or all the other 
components is called the solvent. For the solubility of solids in 
liquids, where the liquid is present in large excess over the solid, 
there is no ambiguity in these terms, the solid being the solute and 
the liquid being the solvent. However, if the solution is such that 
the state of aggregation of the solution is the same as that of a 
component present in smaller amount, the latter is called the 
solvent. For example, in a syrup (liquid solution) containing 60% 
sugar (a solid) and 40% water (a liquid—same aggregation as 
solution), water is termed as the solvent. In a solution of alcohol 
and water, the substance present in a larger proportion by mass is 
called the solvent. But if hoth the liquids have same masses in 
solution, it becomes difficult to differentiate between solvent and 
solute. 


5.3 TYPES OF SOLUTIONS 

All the three states of matter (gas, liquid or solid) may behave 
either as solvent or solute. Depending on the state of solute or 
solvent, mainly there may be the following seven types of binary 
solutions: 


S.No. 

Solnte 

Soivent 

Example . 

1. 

Gas 

Gas 

Air 

2. 

Gas 

Liquid 

Aerated water (CO 2 + HjO) 

3. 

Gas 

Solid 

Hydrogen in palladium 

4. 

Liquid 

Liquid 

Alcohol in water, benzene in 
toluene 

5. 

Liquid 

Solid 

Mercury in zinc amalgam 

6. 

Solid 

Liquid 

Sugar in water, common salt 
in water 

7. 

Solid 

Solid 

Various alloys 


The solution of liquid in'gas or.solid in gas is not possible 
because the constituents cannot form a homogeneous mixture. 

For a given solution, the amount of the solute dissolved in a 
unit volurne of solution (or a unit amount of solvent) is termed as 
the concentration of the solute. Solutions containing relatively 
high concentration of solute are called concentrated solutions 
while those of relative,ly low concentration of solute are termed 
as dilute solutions. 

In this chapter, we shall discuss only three types of solutions: 

(i) Gas in liquid. 

(ii) Liquid in liquid. 

(iii) Solid in liquid. 

5.4 METHODS OF EXPRESSING THE 
CONCENTRATION OF A SOLUTION 

The concentration of a solution can be expressed in a number of 
ways. The important methods are: 

(i) Mass percentage or Per cent by mass: It is defined as 
the amount of solute in gram present in 100 gram of the solution. 
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Mass percentage of solute 


Mass of solute , 

-X100 

Mass of solution 


Mass of solute 

Mass of solute + Mass of solvent 


xlOO 


Mass of solute 

Volume of solution x Density of solution 


XlOO 


Mass of solute . , ^ ^ 

The ratio-is termed as mass fraction. 

Mass of solution 


Thus, 

Mass percentage of solute = Mass fraction x 100 


10 % solution of sugar means that 10 gram of sugar is present 
in 100 gram of the solution, i. e., 10 gram of sugar has been 
dissolved in 90 gram of water. 

(ii) Per cent by volume: It is defined as the volume of 
solute in mL present in 100 mL solution. 


Per cent of solute by volume = 


Volume of solute 
Volume of solution 


XlOO 


(iii) Per cent mass by volume: It is defined as the mass of 
solute present in 100 mL of solution. 

Per cent of solute mass by volume 

Mass of solute 

=:-XlOO 

Volume of solution 


(iv) Strength or concentration (Gram per litre): It is 
defined as the amount of the solute in gram present in one litre of 
the solution. 

Concentration of solution 

Mass of solute in gram 
Volume of the solution in litres 


Mass of solute in gram 

---5-xlOOO 

Volume of the solution in mL 


- Concentration in gram per litre is also termed as strength of 
the solution. Let w g of the solute be present in V litre of solution, 
then 


w _l 

Strength or concentr ation of the solution = — SL 

pifote: V is not the volume of the solvent. V is actually the final 
volume after dissolving a definite quantity of solute in the 
solvent.] 

(v) Parts per million (ppm): When the solute is present in 
trace quantities, it is convenient to express the concentration in 
parts per million (ppm). It is defined as the quantity of the solute 
in gram present in 10® gram of the solution. 

Mass of solute 

Dpm --—— X10 

Mass of solution 


Atmosphenc pollution in cities is also expressed in ppm by 
volume. It refers to the volume of the pollutant in 10® units of 
volume. 10 ppm of SO, in air means 10 mL of SO, is present in 
10® mL of air. 


(vi) Mole fraction: This method is used when the solution 
is constituted by mixing two or more components. It is defined as 
the ratio of number of moles of one component to the total 
number of moles of the solution Q.e., all the components). Taking 
three components A, B and C. 


Components 

A 

B 

c 

Mass (in gram) 

Wi 

W 2 

■W 3 

Molecular mass 

mj 

mj 


No. of g moles 



W 3 

mi 

m 2 

^3 


W] Wn 

Total number of g moles = — + — + — 

m, m2 m 3 


Thus, 


Mole fraction of A = 


W| / mj 


W, W 2 W 3 



mj m2 rn^ 


Mole fraction of B ■ 


W 2 / m 2 


w, w. 


w. 


- /s 


mj m2 m3 


Mole fraction of C =- —. -= fr 

w, w, w, 

—L H-£. +. 

mj m2 m. 

The sum of mole fractions of a solution is equal to 1, i.e, 
fA+fB+.fc^^ 

In a binary solution, 

Mole fraction of solute + Mole fraction of solvent = 1 


Let n moles of solute (B) and N moles of solvent (A) be present 
in a solution. 

Mole fraction of solute = —-— - X „ 

N + n 

N 

Mole fraction of solvent =- = X ^ 

N + n 

Thus, X^+Xg=l 

Mole fraction is independent of temperature of the solution, 
(vli) Molality: It is defined as the number of moles of the 
solute present in 1 kg of the solvent. It is denoted by m. 

Number of moles of solute 

Molality (m) =-^- 

Number of kilo-grams of the solvent 


Let Wb gram of the solute of molecular mass m^ be present in 
w^ gram of the solvent, then 


Molality (mj = 


Wfl 


X 1000 


mo xw 


A 


Relation between mole fraction and molality: 




n 


and X ^ = 


N 


N+n N+n 

n _ Moles of solute _ Wg 
N Moles of solvent mg 


xw^ 
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Xn X 1000 Wg X 1000 
X^ xm^ mg xwj 

X„ X 1000 

or —2 -= ffi 

(l-Xg)mj • - 

Note: (i) Molality is the most convenient method to express the 
concentration because it involves the mass of liquids rather 
than their volumes. It is also independent of the variation in 
temperature. 

(ii) Molality and solubility are related by the following relation : 

Solubility x 10 

Molality == . . 

Molecular mass of the solute 


Solubility = 


Mass of solute in gram 
Mass of solvent in gram 


xlOO 


(viii) Molarity (Molar concentration): It is defined as the 
number of moles of the solute per litre or per dm^ of the solution, 
i.e., 

Number of moles of solute 

Molarity (M) =- 

‘ Number of litres of solution 

or Molarity x Number of litres of solution 

= Number of moles of solute 

Let Wg g of the solute of molecular mass mg be dissolved in V 
litre of solution. 

W/> 

Molarity of the solution =- - — 

mg xV 

Wd 

or Molarity xmg = = Strength of the solution 

If L is taken in mL (cm^), then 

Molarity of the solution = —^— x 1000 
mg xV 

The unit of molarity is mol litre'* or mol dm'^. 

Molarity (second method): Let d = density of solution in 
g/mL and let it contains x% solute by mass. 

Then, mass of 1 litre solution = (1000 xd )g 

Mass of solute in 1 litre = — x (1000 xd )g 
100 

= (xx if X 10)g 

Number of moles of solute in 1 litre 

Mass of solute in gram xx d x 10 
Gram molecular mass of solute mg 

■where mg = molecular mass of solute 

xXifxlO 
M = - 

mg 

Molarity of dilution: 

Before dilution After dilution 
M,ri ^ = U2V2 


Molarity of mixing: Let there be three samples of solution 
(containing same solvent and solute) with their molarity 

M,,M 2 ,Af 3 and volumes Fj,F 2 ,F 3 respectively. These 

solutions are mixed; molarity of mixed solution may be given as: 

+ M2V2 + AfjLj = Mg (L, + F, + F3) 
where. Mg = Resultant molarity 

Fj + F, + F 3 = Resultant volume after mixing 
Note: Molarity is dependent on volume; therefore, it depends on 
temperature. 

1 M Molar solution, i. e. , molarity is 1 

0.5 Mar MU Semimolar 

0.1 AT or M10 Decimolar 

0.01 MorAf/100 Centimolar 

0.001 A/orMlOOO Millimolar 

Relationship between molality and molarity: 

1 _ P mg 

m M 1000 

where, p = density of solution 
m = molality 
'■ M = molarity 
mg - molar mass of solute 
Relation between molarity ‘ilT and mole fraction: 

Let M be the molarity of solution, and x^,Xg be mole 
fractions of solvent and solute, respectively. 

Suppose and ng moles of solvent and solute are mixed to 
form solution. 


Mass of solution = n^m^ + ngmg ■ ■ • (i) 

where, m^ and mg are molar masses of solvent and solute, 
respectively. 


Volume of solution = 


Mass 

Density 


(n^m^ ^ngmg) 

d 


Molarity = Number of moles of solute x 


1000 

Volume of solution 


M = ng 


1000 xd 

X- 

(n^m^ +.ngmg ) 


Dividing both numerator and denominator by (n^ +ng), 


M- 




n. +n 


lOOOxd 


+ng 


■X mj + - 


Ha +ng 


X mg 


XgX 1000 xd 
M = - 

^Xgmg 

(ix) Normality: It is defined as the number of gram 
equivalents of solute present per litre of solution. It is denoted by 
‘N\ 

Number of gram equivalents of solute 

Normality {N) = ——---- 

Number of litres of the solution 


or Normality x Number of litres of the solution 

= Number of gram equivalents of the solute 
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Let Wg gram of the solute of equivalent mass Eg be present in 
V litre of the solution, then. 

Normality = ——— - - — 


Eg XV 




Normality x Equivalent ma^ = 


= Strength of the solution in g/L 

Solutions are expressed as: 

^ N N N N ^ 

1 N, 2 N, — , — ,-,-, etc. 

2 10 100 1000 

Like molarity, normality is also dependent on volume, 
therefore, it depends on temperature. 

Normality of solution may be represented as, 


IN 


0.5 Not 
0.1 Not 
0.01 Af or 
0.001 iVor 


E 

2 

N_ 

10 

E. 

100 

N 


1000 


Normal solution, i.e., normality is 1 
Seminormal 

Decinormal 

Centinormal 

Millinormal 


Relationship between normality and molarity: We know 
that. 

Molarity x Molecular mass = Strength of the solution (g/L) 
Similarly, 

Normality x Equivalent mass = Strength of the solution (g/L) 
Hence, 

Molarity x Molecular mass = Normality x Equivalent mass 


or 


So, 


Normality ^ Molecular mass 
Molarity Equivalent mass 

Normality = « x Molarity 


P<lormality (second method): Let ‘d’ is the density of 
solution in g/mL and x is the percentage of the solute by mass. 
Then, 


N- 


xxdxlO 


Equivalent mass of solute 


] 


(x) Formality: It is the number of formula mass in gram 
present per litre of solution. In case, formula mass is equal to 
molecuNr mass, formality is equal to molarity. Like molarity and 
normality, the lurmality is also dependent on temperature. It is 
used for ionic cou»pcunds in which there is no existence of a 
molecule. Mole of ionic compounds is called formole and 
molarity as formality. 


. ;*;t ^SoME &>LVED ExamplesV IS;::: 


Example 1. Calculate the masses of cane sugar and water 
required to prepare 250g of 25% cane sugar solution. 

Solution: Mass percentage of cane sugar = 25 

We know that, 

Mass of solute 


Mass percentage; 


Mass of solution 


■xlOO 


So, 


or 


Mass of cane sugar 
25 = —^^^ X100 
250 

., , 25 X 250 ,,, , 

Mass of cane sugar =-= 62.5 g 

100 


Mass of water = (250 - 62.5) = 187.5 g 

Example 2. Calculate the molarity of the following 
solutions: 

(a) Agof caustic soda is dissolved in 200 mL of the solution. 

(b) 5.3 g of anhydrous sodium carbonate is dissolved in 100 
mL of solution. 

(c) 0.365 g ofpure HCl gas is dissolved in 50 mL of solution. 
Solution: (a) Molecular mass of NaOH = 40 

40 
200 


No. of gram moles in 4 g of NaOH = 
Volume of solution in litre = - 


1000 


^ 0.1 
= 0.2 


Molarity = ■ 


No. of moles of solute 


0.1 


Volume of solution in litre 0.2 
(b) Molecular mass of anhydrous Na 2 C 03 = 106 
No. of gram moles in 5.3 g of anhydrous Na 2 C 03 


■ 0.5 M 


Volume of solution in litre = 
Molarity 


_ 5.3 
106' 
100 


= 0.05 
0.1 


1000 

No. of gram moles of solute 


Volume of solution in litre 
0.05 


0.1 


0.5 M 


(c) Molecular mass of HCl = 36.5 

No. of gram moles in 0.365 g of pure HCl = 


0.365 

36.5 


50 
1000 

No. of gram moles of solute 


Volume of solution in litre 
Molarity 


Volume of solution in litre 
0.2 M 


0.365 1000 

- X 


36.5 


50 
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. Example 3. The density of a solution containing 13% by 
mass of sulphuric acid is 1.09 g/mL. Calculate the molarity and 
normality of the solution. 

Solution: Volume of 100 g of the solution 
100 100 


d 1.09 
100 

1.09x1000 
1 


- mL 


litre 


litre 

1.09x10 

Number of moles of H 2 SO 4 in 100 g of the solution = 


il 

98 


,, , . No.ofmolesofH 9 SO 4 13 1.09x10 

Molarity =---=—= — x - 


Volume of soln. in litre 98 


1.445M 


1 


(Note: In solving such numericals, the following formula can be 
applied: 

% strength of soln. x density of soln. x 10 
Molarity =- 


Similarly, 

< 

i, Norm^ity = - 


Mol. mass 

strength of soln. x density of solB. x 10 


Eq. mass 


We know that, 

Normality = Molarity x n 

= 1.445x2 


^ _ Mol. mass _ 98 _ ^ 
Eq. mass 49 


= 2.89 V 

Example 4. Calculate the molarity of pure water 
(d = lg/ ml). 

Solution: Consider 1000 mL of water. 

Mass of 1000 mL of water = 1000 x 1 = 1000 g *• 

No. of moles of water = = 55.5 


Molarity 


18 

No. of moles of water 
Volume in litre 
55.5 


1 


= 55.5M 


Example 5, Calculate the quantity of sodium carbonate 

M 

(anhydrous) required to prepare 250 mL — solution. 

Solution: We know that, 

Molarity = ■ 


MxV 

where, w= mass of Na 2 C 03 in g, 

M = molecular mass of Na 2 C 03 in gram = 106 


V = volume of solution in litre = 


250 _ 

1000' 


0.25 


Molarity = — 

10 

Hence, 


or 


1 _ w 
10^ 106x0.25 
106x0.25 


W : 


10 


^2.65g 


Example 6 . 214.2 g of sugar syrup contains 34.2 g of 
sugar. Calculate (i) molality of the solution and{ii) mole fraction 
of sugar in the syrup. 

Solution: (i) Mass of sugar = 34.2 g 


No. of moles of sugar: 


34.2 


34.2 


Mol. mass 342 


: 0.1 


Mass of water = (214.2 - 34.2) 


ion 180 . 


1000 


No. of moles of water : 


180 

18 


= 10 


■: Molality = 


No. of moles of sugar Q.l 


Mass of water in kg 180 
= 0.555 m 

(ii) Total number of moles = 10.0 + 0.1 = 10.1 

No. of moles of sugar 


xlOOO 


Mole fraction of sugar; 


: 0.0099 


Total number of moles 
_ 0.1 
“ 10.1 

Example 7. A solution contains 410.3g 
of solution at 20°C. If the density is 1.243 g/mL, what will be its 
molarity and molality? 


Mol. mass of H 2 SO 4 


Solution 

No. of moles of H 2 SO 4 


410.3 


98 


: 4.186 


Molarity of H 2 SO 4 solution = 


No. of moles of H 2 SO 4 
Volume of soln. in litre 

4.186 


■■4.1S6M 


Mass of 1 litre H 2 SO 4 solution = 1000 x 1.243 = 1243 g 

0^7 7 

Mass of water = (1243 - 410,3) = 832.7 g =-— kg 

1000 


Molality of solution: 


No. of moles of H 2 SO 4 
Mass of water in kg 
4.186 


832.7 

5.021m 


XlOOO 
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Example 8. The density of a 2.03 M solution of acetic acid „, 
{molecular mass 60) in water is 1.017 g/mL. Calculate the 
molality of the solution. 

Solution; Strength of the solution 

= Molarity x mol. mass 
= 2.03x60=121.8g/L 
Density of solution = 1.017 g / mL 
Mass of 1 litre of solution = 1000 mL x 1.017 g/ mL 
= 1017g 

Mass of water = 1017 -121 .8 = 895.2 g = kg 

1000 


No, of moles of 8203 ” ions = No. of moles of Na 2 S 203 

= 3 

Molality of 8303 “ ions = x 1000 = 3.86 m 
776 

Example 10. A solution is prepared by dissolving 5.64 g of 
glucose in 60 g of water. Calculate the following: 

(0 mass per cent of each ofglucose and water, 

{if) molality of the solution, 

(Uf) mole fraction of each of glucose and water. 

Solution: (i) Total mass of solution 


Molality = x 1000 = 2.267 m 
895.2 

, . Example 9. The density of a 3 M sodium thiosulphate 
solution {Na 2 S 2 O 3 ) is 1 25 g/mL. Calculate (t) the percentage by 
mass of sodium thiosulphate, (ii) the mole fraction of 
sodium thiosulphate and (Hi) molalities of Na^ and S 20 f~ ions. 


Solution: (i) Mass of 1000 mL of Na 2 S 203 solution 
= 1.25 X 1000= 1250 g 

Mass of Na 2 S 203 in 1000 mL of 3 Msolution 

= 3 X Mol. mass of Na 2 S 2 O 3 
= 3x158 = 474 g 

Mass percentage of Na 2 S 203 in solution 
474 


■X 100 =37.92 


Alternatively, M ■ 


1250 
xx X 10 

jcx 1.25X 10 


158 

x = 37.92 


474 


(ii) No. of moles of Na 2 S 2 O 3 = — = 3 

158 


Mass of water = (1250 - 474) = 776 g 
776 
' 18 


No. of moles of water: 
Mole fraction of Na 2 S 203 


: 43.1 

3 


43.1+3 46.1 


= 0.065 


(iii) No. of moles of Na"^ ions 


= 5.64 + 60 = 65.64 g 
5 64 

Mass per cent of glucose =-x 100 = 8.59% 

65.64 

Mass per cent of water = (100 - Mass per cent of glucose' 

= (100-8.59)= 91.41% 

5 64 

(ii) No. of moles of glucose =- 

180 

Mass of water in kg = 

1000 

5.64 1000 

Molality = —— X -= 0.522 m 

180 60 

(iii) No. of moles of glucose = = 0.0313 

180 

60 

No. of moles of water = — = 3.333 
18 

0 0313 

Mole fraction of glucose =-= 0.0093 

3.333 + 0.0313 ’ 

3 333 

Mole fraction of water =-= 0.9907 

3.333 + 0.0313 

' Example 11. What would be the molality of a solution 
made by mixing equal volumes of 30.0% by mass of H 2 SO 4 
(density \.2\%gcm~^) and 70% by mass of i/ 2 ‘ 5^4 {density 
1.610gcm“^).? 

Solution; Let 100 mL of one solution be mixed with 100 mL 
of the other solution. 

Mass of 100 mL of 30% H 2 SO 4 = 100 x 1.218 = 121.8 g 
Mass of H 2 SO 4 in 121.8 g of 30% H 2 SO 4 

= -^x 121.8 g = 36.54 g 
100 


= 2 X No. of moles of Na 2 S 203 
=2x3=6 


Molality of Na"^ ions = 


No. of moles of Na'*' ions 
Mass of water in kg 


= -^ X 1000 
776 

= 7.73-m 


Mass of water = (121.8 - 36.54) = 85.26 g 

Mass of 100 mL of 70% H 2 SO 4 = 100 x 1.61 = 161.0 g 

.Mass of H 2 SO 4 in 161.0 g of 70% H 2 SO 4 

= ~xl61.0g = 112.7g 
100 

Mass of water-= (161,0 -.112.7) = 48.30 g 
Total H 2 SO 4 in'solution = 36.54 + 112.7 = 149.24 g 
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No. of moles of H 2 SO 4 = 


149.24 


Total mass of water in solution = (85.26 + 48.30) 

133.56, 

= 133.56 g =-kg 

' 1000 

No. of moles of H 2 SO 4 149.24 1000 

Molality =- -—- = -X ■ — 


98 


133.56 


Mass of water in kg 
= 1.1.4 m 

Example 12. The mole fraction of CH^OH in an aqueous 
solution is 0:02 and its density is 0.994 g cm~^. Determine its 
molarity and molality. 

Solution: Let jc mole of CH 3 OH and y mole of water be 
present in solution. 


Mole fraction of CH 3 OH = 


So, 


—^ = 0.02 
x+ j 

2 = 49 or -2 = 1 

X y 49 


X 1000 

Molality = —x 1000= = 1.13 m 


18X7 


18x49 


,, , „ , . Total mass 32x+18v 

Volume of solution =-=-mL 


density 


0.994 


32 JC+I 87 ,, 32JC+187,. 

■ litre =-litre 


0.994 X 1000 


Molarity 


32x+ 187 
994 


x994 


994 


994- 


1.0875M 


32 +I 8 X 7 /X 32+18x49 

Example 13. Calculate the concentration of NaOH 
solution in g/mL, which has the same normality as that of a 
solution of HCl of concentration 0.04 g/mL. 

Wg X 1000_ Q04x 1000 


Solution: 


N 


HCi 


Eg XV 


36.5x1 


1,095 


V, 


NaOH =-^HCI 

Wr X1000 


1.095 = 


_ yyg 


40x1 
Wj = 0.0438 g/mL 

Example 14. How many Na* ions are present in 50 mL of 


a 0 SMsolution ofNaCl? 

Solution: Number of moles of NaCl = 


MV 
1000 
0.5 X 50 

1000 


0.025 


NaCl- 


■+Na'^ +Cr 


Number of moles of Na'^ = Number of moles of NaCl 
' =0.025 

Number of ions of Na^ = 0.025 x 6.023 x 10^^ 


1.505x10 


22 


Example 15. Reaction, 

2Br~ (aq) + Cf (aq) - > 2Cl ^ {aq) + Bri (aq) 

is used for commercial preparation of bromine from its salts. 
Suppose we have. 50 mL of a 0.06 M solution of NaBr. What 
volume of a 0.05 M solution ofCf is needed to react completely 
with the Br~ ? 

Solution: 2Br"{af) + C\ 2 {aq) - > 2C\~ {aq) + Br 2 (a^) 

MiF,(Br- ) _ M2F2(Cl2) 

«i n2 

where, ny and K 2 are corresponding coefficients. 

. 0.06x50 0.05 xF, 


2 1 
F2=30mL 

' Example 16. Calculate the molarity, molality and mole 
fraction of ethyl alcohol in a solution of total volume 95 mL 
prepared by adding 50 mL of ethyl alcohol {density = 0.789 mlT*) 
to 50 mL water {density = l.OOg mi:”’). 

Solution: 

Vol. X density 

No. of moles of ethyl alcohol = ■ 


Mol. mass 
50x0.789 


46 


= 0.8576 


No. of moles of water = 


Vol. X density 
Mol. mass 


_ 50x1 
18 

= 2.7777 


Molarity = 


No. of moles 
Vol. of sol. in mL 
0.8576 


xlOOO 


•X 1000 = 9.02'’ U 


Molality : 


95 

No. of moles of 
Mass of solvent 
0.8576 


50 


xl000 = 


Mole fraction = 


0.8576 


lUte 
'■ams 

52 m 

0.8576 


XlOOO 


0.8576+2.7777 3.6353 


0.236 


5,5 SOLUTIONS OF GASES IN LIQUIDS 
(Solubility of Gases) 

All gases are soluble in water as well as in other liquids to a 
greater or lesser extent. Solutions of gases in water play an 
important role in our daily life. The common examples are 
carborated beverages, i.e., soft drinks, household cleaners 
containing aqueous solutions of ammonia, formalin-an aqueous 
solution of formaldehyde, etc. The natural waters contain 
dissolved O 2 which is vital for the existence of aquatic life in sea, 

. rivers and lakes. 

The solubility of a gas in a liquid is expressed in terms of 
absorption coeftlcient. It is defined ^ the volume of the gas in 
mL that can be dissolved by 1 mL of a liquid solvent at the 
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temperature of the experiment at one atmospheric jpressure. The 
volume of the gas is measured at STP. Thus, if v is the volume of 
the gas dissolved, reduced to STP, V is the volume of the solvent 
and P is pressure of the gas in atmospheres, then the absorption 
coefficient, a, is given by 


The following factors affect the solubilities of gases in liquids: 

(i) Nature of the gas and solvent: Generally, the gases which 
can be easily liquefied are more soluble in common solvents. For 
example, CO 2 is more soluble in water than oxygen or hydrogen. 
The gases which react with the solvent posses higher solubility. 
For example, HCl and NHj are highly soluble in water. 

Oxygen, nitrogen and carbon dioxide are much more soluble 
in ethyl alcohol than in water at the same temperature and 
pressure. 

(ii) Temperature : The solubility of most of the gases in 
liquids decreases with increase of temperature as the dissolution 
is an exothermic process. When water is heated in a beaker, 
bubbles of air are formed on the sides of the glass before the 
water boils. As the temperature rises, the dissolved air molecules 
begin to “boil out” of the solution long before the water itself 
boils. 



Fig, 5.1 Temperature dependence of Oj gas 
solubility In water 

The reduced solubility of molecular oxygen in hot water has a 
direct bearing on thermal pollution, i.e., the heating of the 
environment —lusually waterways —to temperatures that are 
harmful to its living inhibitants. 

(Mi) Pressure : The most important factor which influences 
the solubility of a gas in a liquid is the pressure. The ,effect of 
pressure on the solubility of the gas in the liquid is given by 
Henry’s law, which states that the solubility of a gas in a liquid is 
directly proportional to the pressure of the gas over the solution 
at a d^nite temperature. The solubility is taken as the mass of 
the gas dissolved per unit volume of the liquid. Thus, if m is the 
mass of the gas dissolved per unit volume of the solvent and P is 
the pressure of the gas in equilibrium with the solution, then . 

m°'^P 

or m-KP ...(i) 

where, K is the proportionality constant. 

When P = l, m = K,i.e., the. solubility of the gas at unit 
pressure is equal to constant K. The value of K is different for 
each gas at a particular temperature. The magnitude oiK depends 
upon the nature of the gas, nature of solvent, temperature and the 
units of pressure. Equation (i) represents equation of straight line 


(y = mx) passing through origin. Fig. 5.2 shows the variation of 
solubility of some gases against equilibrium pressure. The 
straight line graphs show the validity of Henry’s law. 



Pressure of gas-► 

over liquid 


Fig. 5.2 Variation of solubility of a gas with pressure 

If solubility of the gas is known at one particular pressure, 
then it can be calculated at other pressures using the following 
relation, 




...(ii) 


' where ‘mj ’ is the solubility of the gas at pressure ‘Pj ’ and ’ is 
the solubility of the gas at pressure ‘P 2 ’. 

When a mixture of two or more non-reacting gases is brought 
in contact with a solvent, each constituent gas dissolves in 
proportion to its own partial pressure. Henry’s law can be applied 
to each individual gas independent of the presence of other gas. If 
we use the mole fraction of the gas in the solution as a measure of 
its solubility, then the law can be stated as, “mole fraction of.the 
gas in a solution is proportional to the partial pressure of the 
gas." 


X’^ P 


where, x =.mole fraction of the gas in solution 


and p = partial pressure of the gas. 


or x = K' p 

or p = -^^x=.K„x 

K. 



..;(iii) 


' Kff is called Henry’s law constant. Different gases have 
different' values of at a definite temperature for a given 
solvent. 


Table 5.1 Values of Henry’s Law Constant (K^ ) for Some 
Common Gases In Water 


Gas 

* Temperature (K) 

Kf, (k bar) 

He 

293 

144.97 


293 

69.16 

N 2 

293, 

76.48 

N/ 

303 

88.84 

O 2 

293 

34.86 

^2 

393 

46.82 


From equation (iii), it can be inferred that higncr is the value 
of Henry’s law constant, the lower is the solubility the gas in 
the liquid. 
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Limitations of Henry’s Law 

Henry’s law holds good if the following conditions are 
fulfilled; 

(i) The pressure is not too high, 

(ii) The temperature is not very low, 

(iii) The gas does not chemically combine with the solvent. 

The gas molecules do not either dissociate or associate in the 

solvent. In case the dissolved gas reacts with the solvent, higher 
solubilities can result. The solubility of ammonia in water is 
much higher than expected because of the following reaction : 
NH 3 + H 2 O = NH 4 OH NHj + OH“ 

Carbon dioxide also reacts with water. 

CO 2 +H 20 ^=^H 2 C 03 

Another interesting example concerns the dissolution of 
oxygen in blood. Normally, oxygen gas is only sparingly soluble 
in water. However, its solubility in blood is abnormally high 
because of the high content of haemoglobin (Hb) molecules, 
which are eventually delivered to the tissues for use in 
metabolism. 

Hb + 402 :^Hb( 02)4 

Due to these processes, Henry’s law is not strictly followed. 

Applications of Henry’s Law 

1 . Soft drink bottles are sealed at high pressure, to increase the 
solubility of CO 2 in the soft drink. 

2. At high altitude, partial pressure of oxygen is low, it leads to 
low concentration of oxygen in blood of people living there. Low 
coht^ntration of oxygen develops anoxia, i.e., unable to think 
and act properly. 

3. When scuba divers go deep in the sea, solubility of 

atmospheric gases increases in blood. When the divers come up, 
there is release of dissolved gases and it leads to the formation of 
bubbles of nitrogen in our blood capillaries and hence there is 
painful sensation calbd bends. To avoid bends; the tanks of 
scuba divers are filled with 11.7% He, 56.2% N 2 and 32.1% 
oxygen. . 

[Note : (i) Gases are less soluble in aqueous solutions of electrolytes 
than in pure water. It is called salting out effect. 

(ii) Non-electrolytes such as sugar if present in a solution also 
reduce the solubility of gases in water.] 


lY; j: Example 17. Calculate the concentration of CO 2 in d soft 
drink that is bottled at partial pressure of CO 2 of d ,atm'over the 
liquid 'at 25° C. The Henry’s Law constant for CO 2 in water at- 
25°C is 3.1 x\0^^ mol/litre-atm._ , 

Solution: According to Henry’s Law: j ' / H 

: ’ 5 = AP ^ 3.1X lOr^ X 4 = 0.12 mol litre“‘ p 

iii Example 18./ The pdrtial pressure of ethane..- over a 
saturated solUtiofi containing 6.56 x 10^^ g of ethane‘''i£%bqr. If 
the solution contains 5x10’”^ g'of ethane, thgn what-shall bedhe 


partial pressure pf the gas? 

Solution: 



6.56x10' 


J_ 

P2 

0.762 bar 


1. 0.5 MH 2 SO 4 is diluted from 1 litre to 10 litre, normality of the 


resulting solution is: 

(a) I N (b)O.lN 

[Ans. (b)] 

[Hint: Mfp=M 2 V 2 


(c) ION 


(AFMC 2005) 
(d) 11 N 


0.5 X 1 = X 10 
M 2 = 0.05 

N = M X basicity of acid = 0.05 x 2 = 0.1N ] 

2. Molar solution means 1 mole of solute present in: 

IBCECE (Medical) 20051 

(a) 1000 g of solvent (b) 1 litre of solvent 

(c) 1 litre of solution (d) 1000 g of solution 

[Ans. (c)] 

3. The molarity of a solution containing 50 g of NaCl in 500 g of 
a solution and having a density of 0.936 g/cm^ is: 

(a)1.5M (b)1.6M (c)1.8M (d) 1.2M 

[Ans. (b)] 

. xxdxlO 

' [Hint: M - - ... ( 1 ) 


X = -X 100 = 10 

500 

10x0.936x 10 

.’. M = -= 1 .0 M 

58,5 

4. 20 mL of 0.5 M HCl is mixed with 30 mL of 0.3 Af HCl, the 
molarity of the resulting solution is: 

(a)0.8M (b)0.53M (c)0.38Af (d)0.83M 

[Ans. (c)] 

Pint: Mf^ + M 2 V 2 =Mj,(Vi-t 
0.5 x20+ 0.3 x 30 = Ms x5' 

Mjf = 0.38 M ... 4 , 

where, = resultant molarity c mixture.] 

5. How many moles and how nian> ^.ams ofNaCl are present in 
250 mL of a 0,5 MNaCl solution? 

(a) 0.125 mol; 7.32 g (b) 7.32 mol; 0.125 g 

(c) 0.125 mol; 0.125 g (d) 7.32 mol; 7.32 g 

[Ans. (a)] 


pint: Number of moles = 


MV 0.5 X 250 


= 0.125 


Mass of NaCl = 58.5 x 0.125 = 7.32 g ] 

6 . Density of a 2.05 M solution of acetic acid in water is 1.02 
g/mL. The molality of the solution is: (AIEEE 2006) 

(a) 1.14 mol kg'* (b) 3.28 mol kg'* 

(c) 2.28 mol kg'* (d) 0.44 mol kg'* 

[Ans. (c)] 

, il^xlOOO 2.05x 1000 

mOd-Mntg 1000x 1.02-2.05x60 

=.2.28 mol kg'* ] 
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7. The hardness of water sample containing 0.002 mol of 

magnesium sulphate dissolved in a litre of water is expressed 
as: ; i'T't i IDO’!] 

(a) 20 ppm (b) 200 ppm (c) 2000 ppm (d) 120 ppm 

(e) 240 ppm 
[Ans. (b)] 

[Hint; 10^ g water contains (0.002 x 1000) mol MgS 04 

1 mol MgS 04 S 1 mol CaCOj 

2 mol MgS 04 = 2 mol CaCO^, j.e ,2 x 100 g CaC 03 
Hardness of water = 200 ppm ] 

8 . The density (in g mL”’) of a 3.6 M sulphuric acid solution, 
i.e.,29% H 2 SO 4 (molar mass = 98 g moF') by mass will be: 


(a) 1.45 
[Ans. (d)] 

[Hint: M = 


d 


(b) 1.64 
X X d X 10 

mg 

_M xntg 
jc X 10 


(.■'JEEE 2007) 
(c) 1.88 (d) 1.22 


3.6x98 

29x10 


-1.22gmL-‘] 


9. 1 litre solution containing 490 g of sulphuric acid is diluted to 
10 litre with water. What is the normality of the resulting 
solution? jSC’R \ 

(a) 0.5 N (b) 1.0 N (c) 5.0 N (d) 10.0 Af 
[Ans. (b)] 


[Hint: 


N = 


Wg X1000 

EgXV 


490 X 1000 
49 X1000 


N, V,=N^V^ 

10 xI=Af2Xl0 

A^2 = U 

10. 250 mL of a NajCOj solution contains 2.65 g of Na 2 C 03 . 10 
mL of this solution is added to x mL of water to obtain 0.001 M 
Na 2 C 03 solution. The value of x is.... 

(Molecularmass of Na 2 C 03 = 106 amu) [BHC (iVIains) 2008] 

(a) 1000 (b)990 (c)9990 (d)90 

[Ans. (b)] 

[Hint: Molarity of solution. 

w»xl000 2.65x 1000 
ntgXV 106 X 250 

M^V^ =M2V2 

O. 1 X 10 =0.001 (10 +x) 

x= 990 mL] 

11. The volumes of fwo-HGl solutions A (0:5 N ) and B (0.1 N)to 

be mixed for preparing 2 L of 0.2 JV.HCl are :...__ 

sEAMCET(!VIcd)2008j 

(a) 0.5Lof.4 + 1.5LofB 

(b) 1.5Lof.4 + 0.5Lof5 

(c) 1 L of .4 + 1 L ofB 

(d) q.75Lof.4 + 1.25Lof5 
[Ans. (a)] 

[Hint: Let x L of /4 and (2 - x) L of B are mixed. 

+ M 2 V 2 = Mg (Vi + V 2 ) 

0.5XX+ 0.1(2-x) = 0.2x2 


(0.5 - 0.1) a: = 0.4-0.2 
0.4x = 0.2 
x = 0.5 L 

0.5 L of and 1.5 L of S should be mixed.] 

M SOLUTIONS OF LIQUIDS IN LIQUIDS 


When one liquid dissolves in another, the molecules of the 
solvent are caused to move apart so as to accommodate the solute 
molecules. Similarly, the solute molecules must also be separated 
so that they can take their places in the mixture. In both these 
processes, energy is required. Finally, as the solute and solvent 
molecules are brought together, energy is released because of the 
attractive forces between them. When solute and solvent 
molecules are strongly attracted to each other, more energy is 
released in the final step. Three cases may arise under these 
circumstances. The overall dissolution process results either in 
evolution of heat or absorption of heat, or energy released in the 
final step is the same as the energy absorbed in the first two, i.e., 
net change is zero. 

Examples: 

1. Benzene and carbon No evolution or absorption 

tetrachloride: of heat. 

2. Acetone and water: Evolution of heat. 

3. Ethyl alcohol and water: Absorption of heat. 

A liquid may or may nof be soluble in another liquid. 
Depending upon the relative solubility of a liquid in another, the 
following three cases are possible: 


1 . Liquids that are 
completely - 
miscible. 
Examples: 
Benzene and 
toluene; 

Ethyl alcohol 
and water; 
Carbon tetra¬ 
chloride and 
benzene. 


Liquid-Liquid Systems 


‘1 


2. Liquids that 
■ are partially 
miscible. 
Examples: 
Ether and wa¬ 
ter; Phenol 
and water; 
Nicotine and 
water. 


3. Liquids that 
are practically 
immiscible. 
Examples: 
Benzene 
and water; 

Carbon tetra¬ 
chloride and 
water; Ben¬ 
zene and 
alcohol. 


Miscible liquids form three types of solutions, which can be 

ideal or rion-ideal solutions.... 

IdeaT solutions An ideal solution is one in which the 
molecules attract one another with equal force irrespective of 
their nature. Thus, a solution composed of two components 
Aaa&B will be an ideal one if the forces between 
A axiA A, B mA B should be the same. An ideal solution 
possesses the following characteristics: 

(i) Volume change of mixing should be zero. 

^mix ~ ® > ^solvent ^solute "" ^solution 

(ii) Heat change on mixing should be zero. 

Aff = 0(Heat is neither absorbed nor evolved.) 

(hi) There should be no chemical reaction bebveen solvent 
and solute. 
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Solvent+ Solute- > Solution 


H2O + NHj 
H2O + CO2 
H,0 + CaO 


-4NH4OH 

- 4 H 2 CO 3 

-4Ca(OH)2 


Non-ideal 


(iv) Solute molecules should not dissociate in the ideal 
solution. 


Aqueous medium 

NaCl--> Na^ +Cr 

Aqueous nwdium 

H 2 SO 4 -^ 2H ■" + SOf 


Non -ideal 


(v) Solute molecules should not associate in ideal solution. 


a 


8 - • +8 
O -HO^ 

,COOH Dissolved ,.jS\ 


in benzene ^ 
(Association) 



c 


OH—O 
+8 5 - 





V 


Non-ideal 


(vi) Ideal solutions must obey Raoult’s law at all 
concentrations. 

The following are some of the binary mixtures which show the 
properties of ideal solutions: 

(a) Benzene and toluene, 

(b) Carbon tetrachloride and silicon tetrachloride, 

(c) M-Hexane and n-heptane, 

(d) Ethylene dibromide and ethylene dichloride. 

Raoult’s Law 

According to this law, the partial pressure of any volatile 
constituent of a solution at a constant temperature is equal to 
the vapour pressure of pure constituent multiplied by the 
mole fraction of that constituent in the solution. 

Let a mixture (solution) be prepared by mixing mole of- 
liquid A and mole of liquid B. Let and pg be the partial 
pressures of two constituents A and B in solution and and pg 

the vapour pressures in pure state respectively. 


Table 5.2 Comparison between Ideal and Non-ideal Solutions 


' 

Ideal solutions 

Non-ideal solutions 

Positive deviation from Raoult’s law 

Negative deviation from Raoult’s law 

1. Obey Raoult’s law at every range of 
concentration. 

Do not obey Raoult’s.law. 

Do not obey Raoult’s law. 

2 . = 0 ; neither heat is evolved nor 

^mix > 0. Endothermic dissolution; heat 

< 0 . Exothermic dissolution; heat 

absorbed during dissolution. 

is absorbed. 

is evolved. 


3. =0; total volume of solution is 
equal to sum of volumes of the 
components. 

4 . p = p^ + Pg =p^^-x^ -t- p°s Xg 
i-e;PA=plX/,PB =pl Xg 

5. A — A, A — B, B — B interactions 
should be same, i.e., ‘A' and ‘B' are identi¬ 
cal in shape, size and character. 


6 . Escaping tendency of ‘A’ and ‘B’ should 
be same in pure liquids and in the solu¬ 
tion. 

Examples: 

dilute solutions; 
benzene H- toluene; 
n-hexane + n-heptane; 
chlorobenzene bromobenzene; 
ethyl bromide -t ethyl iodide; 
n-butyl chloride - 1 - n-butyl bromide. 


> 0. Volume is increased after 
dissolution. 

Pa ^ P^A ^A^ Pb > Fa 
••Pa + Pb>PaX4 + pI Xg 

A — B attractive force should be weaker 
than A — A and B — B attractive forces. 
'A' and ‘B' have different shape, size and 
character. 

‘'A' and ‘S’ escape easily showing higher 
vapour pressure than the expected value. 


I Examples: 

I acetone -1- ethanol; 

I acetone •+• CS2; 

! water -I- meth^ol; 

j water + ethanol; 

I CCI4 -I- toluene; 

CCI4 -I- CHCI3; 
acetone + benzene; 
CCI4 -t- CH3OH; 
cyclohexane + ethanol. 


i A F„jj < 0. Volume is decreased during 
' dissolution. 

i 

’ Pa < P^A^X Pb < P% 

•■Pa +Pb < Pa ^A +Pb ^B 

A — B attractive force should be greater 
than A — A and B — B attractive forces. 
'A' and ‘S’ have different shape, size and 
character. 

Escaping tendency of both components 
‘A’ and ‘S’ is lowered showing lower 
I vapour pressure than expected ideally. 

Examples: 

acetone - 1 - aniline; 
acetone + chloroform; 
j CH 3 OH + CH 3 COOH; 

i H 2 O + HNO 3 ; 

I chloroform -t- diethyl ether; 

] water + HCl; 

acetic acid -I- pyridine; 

1 chloroform - 1 - benzene. 
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Thus, according to Raoult’s law, 
n 

Pa = 


-— p\ = mole fraction of Ay. - X p° 


‘B 


and pg 


ris 


nj +ng 

If the total pressure be P, then 
P = Pa + Pb 
_ 


Pg = mole fraction of B y pg = Xg p 


Pa + 


" pI 




= X, p^+Xg p! 

This law, in fact, is the major deciding factor, whether 
a solution will be ideal or non-ideal. Ideal solutions obey Raoult’s 
law at every range of concentration. Non-ideal solutions do 
not obey Raoult’s law. They show either positive or negative 
deviation from Raoult’s law. For comparison between ideal 
and non-ideal solutions a table has been given below. (Only 
binary combinations of miscible liquids have been considered.) 


Ideal deviation 


Graphical Representation of Ideal and Nort-ideal Solutions 
Positive deviation 


Negative deviation 




Xb = 0 


Xb=1 


Xb = 0 



Xa=0 


Xb=0 


Xa=1 


Fig. S.3 


Relation between Dalton’s Law and Raoult’s Law: 

The composition of the vapour in equilibrium with the 
solution can be calculated applying Dalton’s law of partial 
pressures. Let the mole fractions of vapours A and B be 
and Yg respectively. Let p^ and pg be the partial pressures 
of vapours A and B respectively and total pressure P. 


■■X, 


Pa 


Pa =Y,P 
Pb P 
Pa ■■ 

Pb -- 

Equating eqs. (i) and (iii), 

YaP- 


'■ ^B Pb 


...(i) 
... (ii) 
... (iii) 
... (iv) 


X. 


or 


P°a 

P°A 


Similarly, equating eqs. (ii) and (iv), 
V _ Pb 


, Pa 
P 

_ Pb 

P P 

Thus, in case of ideal solution the vapour phase is richer with 
more volatile component, i.e., the one having relatively greater 
vapour pressure. 

Example 19. The vapour pressures of ethanol and 
methanol are 44.5 mm and 88.7 mm Hg respectively. An ideal 
solution is formed at the same temperature by mixing 60 g of 
ethanol with 40 g of methanol. Calculate the total vapour 


pressure of the solution and the mole fraction of methanol in the 
vapour 

Solution: Mol. mass of ethyl alcohol = C, H 5 GH = 46 
No. of moles of ethyl alcohol = ^ = 1.304 
Mol. mass of methyl alcohol = CH 3 OH = 32 


40 

No. of moles of methyl alcohol = — = 1.25 
■“ X ^ ’, mole fraction of ethyl alcohol = 


1.304 


1.304 + 1.25 


: 0.5107 


‘Xg', mole fraction of methyl alcohol = 


1.25 


1.304+ 1.25 
: 0.4893 


Partial pressure of ethyl alcohol = X ^-p^ 


0.5107x44.5 
: 22.73 mm Hg 


Partial pressure of methyl alcohol = Xg-pg = 0,4893 88.7 ■ 

= 43.40 mm Hg 

Total vapour pressure of solution = 22.73 + 43.40 

= 66.13 mmHg 

Mole fraction of methyl alcohol in the vapour 
_ Partial pressure of CH 3 OH _ 43.40 


Total vapour pressure 66.13 


0.6563 
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; g Example 20. Two liquids A and B form an ideal solution. 
AthOQK, the vapour pressure of a solution containing 1 mole ofA 
and 3 mole ofB is 550 mm of Hg. At the same temperature, if one 
more mole of B is added to this solution, the vapour pressure of 
the solution increases by 10 mm of Hg. Determine the vapour 
pressure of A and B in their pure states. 

Solution: Let the vapour pressure of pure Ahe = p°^', and 
the vapour pressure of pure Bhe = p^. 

Total vapour pressure of solution (1 mole A + 3 mole B) 

= X ■ p^^ + Xg ■ pg is mole fraction of 
A and is mole fraction of S] 

550 = +^pI 

or 2200=pj+3pg ... (i) 

Total vapour pressure of solution {1 mole A + 4 mole B) 

1 0 4 0 

=^-Pa +-Pb 
5 5 

^ / , 560=1 4 

or 2800=/>^+4pa ... (ii) 

Solving eqs. (i) and (ii), 

Ps= 600 mm of Hg = vapour pressure of pure B 
Pj = 400 mm of Hg = vapour presure of pure A 

Example 21. An aqueous solution containing 28% by 
mass of a liquid A {mol mass = 140)/!a5 a vapour pressure of 
mm at 31°C. Find the vapour pressure of the pure liquid A {The 
vapour pressure of water at 31° C is 150 mm ). 

Solution: For two miscible liquids, 

Aotai = Mole fraction of ^ x + Mole fraction of S x 

No. of moles of A= — = 0.2 
140 

Liquid B is water. Its mass is (100 - 28), i. e. , 72. 

72 

No. of moles of B = — = 4.0 
18 

Total no.of nules = 0.2+ 4.0= 4.2 


= 0.25; ng 


Given, 


Aotai = 160 mm 
■ Ps = 150 mm 


0.2 0 4.0 

-X nH + —X 150 

A 0 A n 


160 = ~x p'i + — 
4.2 4.2 

_o 17.15x4.2_,, 

p =_-= 3 ( 

0.2 


360.15 mm 


ffi: '■ Example 22. Heptane and octane form ideal solution. At 
313 K, the vapour pressures of the two liquids are 105.2 kPa and 
46.8 kPa respectively. What will be the vapour pressure, in bar, of 
a mixture of 25 g of heptane and 35 go/ octane? 

Solution: (A) Heptane C^Hig = 100 
(B) Octane CgHjg mg =114 


0.25+0.30 


0 , 0 
P= Pa^a + Pb^b 


0.3 

0.25+0.30 


: 105.2x0.45+46.8x0.55 
: 47.34+25.74= 73.08 kPa 


12. Mole fraction of the component A in vapour phase is x, and the 
mole fraction of component A in liquid mixture is Xj, then 
{p° = vapour pressure of pure A; pg = vapour pressure of 
pure B), the total vapour pressure of liquid mixture is; 


[Ans. (a)] 

[Hint; = p^ * 2 , vapoxxr pressure of A' 

Mole fraction of A in vapour = SA- 

Aotal 


13. Vapour pressure of pure A ) = 100 mm Hg 
Vapour pressure of pure B (/>| ) = 150 mm Hg 

2 mole of liquid A and 3 mole of liquid B are mixed to form an 
ideal solution. The vapour pressure of solution will be: 

(a) 135 mm (b) 130 mm (c) 140 mm (d) 145 mm 

[Ans. (b)] 

[Hint: x^=|,*g=| 

P^pIxa + pI % 

= 100x|+150x| = 40+ 90=130] 

14 . The vapour pressure of a certain pure liquid A at 298 K is 40 m 
bar. When a solution of B is prepared in A at the same 
temperature, the vapour pressure is foxmd to be 32 m bar. The 
mole fraction of A in the solution is: 

- - (a) 0,5- (b)0.2 (c)0.1 (d) 0.8 

[Ans. (d)] .-. ^ -- 

[Hint: p = p\ _ 

32 = 40 X or = 0.8] 

15. 100 mL of liquid A and 25 mL of liquid B are mixed to form a 
solution of volume 125 mL. Then the solution is: 

... - (^a) ideal 

(b) non-ideal with positive deviation 

(c) non-ideal with negative deviation 

(d) cannot be predicted 
[Ans. (a)] 

[Hint: = 0, hence the solution is ideal.] 
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16. The vapour pressure of pure benzene at 88°C is 957 mm and 
that of toluene at the same temperature is 379.5 mm. Calculate 
the composition of benzene-toluene mixture boiling at 88°C: 

(а) JCbenzene = 0-66; = 0.34 

(б) ^benzene ~ 0.34 Xioiuene = 0.66 

(c) — ^toluene ~ 0.5 

-^^benzene ~ 0.75 , — 0.25 

[Ans. (a)] 


17. 


18. 


P i^enzene ^benzene 4 /^toluene -^toluene 

760 = 957 • -+- 379.5(1 - 

■^ben»?ne 0.66 

and = 1-0.66 = 0.34] 

At 25°C, the total pressure of an ideal solution obtained by 
mixing 3 mole of A and 2 mole of B, is 184 torr. What is the 
vapour pressure (in torr) of pure B at the same temperature 
(Vapour pressure of pure A at 25°C is 200 torr.)? 

[CET (J&K) 20061 
(b) 160 (c) 16 (d) 100 


(a) 180 
[Ans. (b)] 

[Hint: 


riA 


n. + n, 


‘a 


3+2 


^ 0.6 


P 

184: 

184: 


:0.4 

= p\^A + pVb 


■■ 200 X 0.6 + X 0.4 
: 120 + Pg X 0.4 

' 0.4 

The mass of glucose that would be dissolved in 50 g of water 
in order to produce the same lowering of vapour pressure as is 
produced by dissolving 1 g of urea in the same quantity of 




160 torr] 


water is; 

(a) 1 g (b) 3 g 

[Ans. (b)] 

[Hint. _ (^P)g|ucose — (^P)w 

(%)gl ueose = (jfs) HI 




^ glucose 
Wg 18 
^^180 


(c) 6g 


(KCET 2006) 
{d)18g 


lx 18 
50x60 


Wg = 3 g] 


5,7 THEORY OF FRACTIONAL DISTILLATION 

The process of separation of one liquid from aiiother liquid 
(binary mixture) having different boiling points by distillation is 
termed fractional distillation. The information, whether a 
particular solution of two liquids can be separated by distillation 
or not, is provided by the study of liquid-vapour equilibrium 
diagrams at constant pressure, say atmospheric pressure. The 
separation is possible only when the vapour phase has a 
composition different from that of the boiling liquid mixture. 

Liquid pairs of type-I (Ideal solutions): The boiling 
temperature composition curves for liquid and vapour phases in 
the case of binary solutions of first type are represented in Fig. 
5.4. 



B0% Composition a0% 


Fig. 5.4 Liquid-vapour equilibrium diagram 
of a solution of type-1 

Suppose a solution of composition x is heated. When the 
temperature is reached, the boiling will start. At this 
temperature, the vapour coming off from x will have the 
composition Xj. Since, Xj is richer in B than x, the composition of 
the residual liquid will become richer in A. Let the new 
composition be y. This liquid cannot boil at temperature but 
will require higher temperature The vapour coming off at 
temperature will also be richer in B as represented by y,. 
Hence, the composition of the residue will again be enriched in 
A. Thus, if the process is allowed to continue, the boiling point of 
solution will go on increasing towards , the boiling point of 
pure liquid A. At the same time the solution becomes more and 
more rich in A. If the process is continued for a sufficiently long 
time, pure liquid A can be obtained. 

Now, if the initial vapours are condensed, the solution 
obtained will have the composition Xj and boils at temperature 
T^. Evidently, the distillate is richer in B than before. If the 
process of condensation and redistilling is continued, the final 
distillate will be pure B component. 

Thus, the two liquids forming a solution of type-I can be 
separated by fractional distiUation. 

Solution of type-II (Positive deviations from Raoult’s 
law): The boiling temperature-composition curves for the 
liquid and vapour phases have been shown in Fig. 5.5. The 
two curves meet at a minimum point C where the liquid and vapour 
phases have the same composition. The liquid mixture at point C 
will boil at constant temperature T without undergoing any 



B 0% Composition A 0% 


Fig. 5.5 Boiling point-composition curves 
in binary solution of type-II 
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change in composition. Siich a mixture which boils at constant 
temperature and distils over completely at the same 
temperature without any change in composition, is called 
constant boiling mixture or azeotropic mixture. 

Consider the distillation of a mixture of composition x. 
The vapour given off has the composition x,. The composition of 
residual liquid will shift towards A. In the mean 
time the composition.of the distillate shifts towards C. Ultimately 
by repea:ted fractional distillation, the mixture of composition C 
will be obtained as distillate and pure liquid A will be left as 
residue. It will never be possible to have pure B. ^ 

When a mixture of composition y is distilled, the^pour given 
off has the composition yj e., the composition^^ residual 
liquid will shift towards B. Ultimately the mixture of composition. 
C will be obtained as distillate and pure liquid B will be left as 
residue. It will never be possible to have pure A. 

There are several liquid pairs which form minimum boiling 
point azeotropes. Some examples are given in the table: 


Table 5.3 Some Azeotropic Mixtures 



Mixture 

% Composition of 
azeotrope 

Boiling point 
(pressure = 1 atm) 

1 . 

Water-Ethanol 

95.97 Ethanol 

78.15“C 

2. 

Pyridine-Water 

57.00 Pyridine 

92.60'’C 

3. 

Ethanol-Benzene 

32.40 Ethanol 

67.80°C 

4. 

Acetic acid-Toluene 

28.00 Acetic acid 

105.40X 


Solutions of type-UI (Negative deviations from Raoult’s 
law): The boiling temperature-composition curves for the 
liquid and vapour phases have been shown in Fig. 5. 6 . The curves 
meet at point C. At this point, both liquid and vapour phases have 
same composition. The constant-boiling mixture has maximum 
boiling point. 



Fig. 5.6 Boiling temperature-composition 
curves in binary soiution of type-lil 

Consider the distillation of a mixture of composition x. The 
vapour coming off is richer in z( as indicated by composition 
Xj. The composition of the residual liquid shifts towards C. As the 
distillation proceeds, the composition of the distillate moves 
towards A and that of residue towards C. 

Similarly, a mixture of composition lying between B and C, 
say y, on distillation will give vapour richer in S as indicated by 
composition y^. The composition of residual liquid shifts 
towards C and distillate towards A on repeated distillation. 


It is never possible to separate a mixture completely into the 
pure components A and B. It mainly gives a constant boiling 
mixture (azeotropes) which can never be separated by 
distillation. 

There are several liquid pairs which form maximum boiling 
point azeotrope. Some examples are tabulated below: 



Mixture 

% Composition 
of azeotrope 

Boiling point 
(pressure = 1 atm) 

1. 

Nitric acid-Water. 

68% Nitric acid 

125.5°C 

2. 

Acetic acid-Pyridine 

65% Pyridine 

139.0‘>C 

3. , 

Chloroform-Acetone 

80% Chloroform 

65.0“C 

4. 

Hydrogen chloride- 
Water 

79.8% Water 

108.6°e 


5.8 SOLUTIONS OF SOLIDS IN LIQUIDS 

Solutions of this type are most common. In solutions of sojids in 
liquids, the liquid is invariably referred to as a solvent and the 
solid dissolved in it as the solute. If a solute is added in small 
amounts at a time to a given amount of a solvent at a constant 
temperature, with vigorous stirring of the solvent after each 
addition, a stage is reached when the added solute no more 
disappears, z.e.,goes into solution but remains undissolved. The 
solution is then said to be saturated. A solution which remains in 
contact with undissolved solute is termed as saturated. It can 
also be defined as one which is in equilibrium with the excess 
of solid at a particular temperature. 

The amount of solute dissolved in 100 g of a solvent to form a 
saturated solution at a given temperature is termed the solubility 
of the solute in the given solvent at that temperature. Each 
substance has a characteristic solubility in a given solvent at a 
definite temperature. 

When a solid is added to the solvent, the particles from the 
solid diffuse into it. The solute and solvent molecules move 
constantly in the solution phase. Some of the particles of the 
solute return to the solid state due to collisions. Thus, two 
opposite processes operate simultaneously. 

(a) Dissolution-. Particles of solute leaving the solid and 
dissolving in the solvent. 

(b) Recrystallisation-. Solute particles returning to the solid 
form. 

When these two processes move with same speed, an 
equilibrium stage is reached. 

Solute (solid) . . .- Solute (dissolved) 

Thus, a dynamic equilibrium exists in a saturated solution. 

When a saturated solution prepared at a higher temperature is 
cooled, it gives a solution which contains usually more of solute 
than required for the saturated solution at that temperature. Such 
a solution is referred to as a supersaturated solution. It is 
usually unstable and changes to saturated solution when excess 
of solute comes out in solid state. 

The following factors influence the solubility of a solute in a 
liquid: 
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(1) Nature of solute, 

(2) Nature of solvent, 

(3) Temperature. - . 

1. Nature of solute: The solutes (solids) can be classified as 
ionic and non-ionic solids. The ionic solids consist of positively 
and negatively charged ions. It is the force of attraction between 
the ions, i. e ., lattice energy which opposes the tendency of a 
solute to dissolve. This force of attraction is different in different 
ionic solids depending on the charges present on the ions and 
distance between ions (ionic radii). The ionic solutes having high 
lattice energy like BaS 04 are less soluble while those having less 
lattice energy have more solubility. The ions are solvated by the 
solvent molecules and in this process energy (knovvn as hydration 
energy) is released. When the hydration energy is high, the ionic 
solid is more soluble. 

Many non-ionic substances dissolve in polar solvents due to 
hydrogen bonding. Generally, if the solute and solvent have 
similar characteristics, i. e ., both are polar or both non-polar, the 
solubility is high and if both are dissimilar, the solubility is found 
low. 

2. Nature of solvent: Ionic solids dissolve to a larger extent 
in a solvent having a high dielectric constant as compared to 
solvents of low dielectric constants. Dielectric constant of water 
iS; 80 while that of methyl alcohol is 33.5. An ionic solid, 
therefore, dissolves more readily in water than in methyl alcohol. 
Benzene has a very low dielectric constant of 2.3 and, hence, 
ionic solids do not dissolve in benzene. 

For non-ionic solids, the guiding principle is ‘like dissolves 
likei.e., if the solvent is polar, it will dissolve the polar solutes 
and if it is non-polar, it will dissolve the non-polar solutes in it. 

3. Temperature: The solubility of a solute in a given 
solvent varies appreciably with temperature. A few curves drawn 
between solubility in water and temperature are given in Fig. 5.7. 

It is observed that the solubility of NaCl increases very 
slightly with an increase in temperature whereas those of 
KNOj, NaNOj, AgNOj and KI, etc., increase greatly. A 
sharp break in a solubility curve indicates the formation of 
a compound whose solubility is different from that of the 
substance from which it has been formed as in the case of 
Naj SO 4 -lOHjO. It losses its water of crystallisation at 
32.3°C and is converted into anhydrous form. There are few 
substances like calcium acetate, cerium sulphate, calcium 
chromate, etc., which show a decrease in solubility with rise in 
temperature. 

Generally, solubility depends on heat of solution. If a 
substance dissolves with absorption of heat, the solubility 
increases with rise of temperature. On the other hand, if a 
substance dissolves with evolution of heat, the solubility 
decreases with rise of temperature. 

Determination of solubility . The solubility of salts is 
generally determined by gravimetric method. First of all a 
saturated solution is prepared. Some part of this saturated 
solution is weighed out in a porcelain dish. The solution is 
evaporated slowly to dryness on a sand bath. The dish is cooled 
and weighed again. The observations are recorded as follows; 



Temperature in degree celsius 
Fig. 5.7 Solubility curves of some compounds 

1. Mass of empty dish =wg 

2. Mass of dish + solution = Wj g 

3. So, Mass of solution =(>v, - w)g 

4. Mass of dish + residue = W 2 g ' , 

So, Mass of residue = (wj - w) g = jc g 

and Mass of solvent = (Mass of solution 

- Mass of .residue) 
= (w, - W)— {Wj - w) 

= (wi -W2)=yg 

X 

- Thus, the solubility of salt = — x lOOg per lOOg of solvent. 

y 

Example 23.’. 50 g of a saturated aqueous solution of- 
potassium chloride at30°Cis evaporated to dryness, when 13.2 g 
of dry KCl was obtained. Calculate the solubility of KCl in water 
at 30°C. 

Solution: Mass of water in solution = (50- 13.2) = 36.8 g 

Solubility of KCl = x 100 = -^ x 100 = 35.87g 

Mass of water 36.8 

Exaihple 24. How much copper sulphate will be required 
to saturate \Q0gof a dilute aqueous solution of CuSO^ at 25° C 
if 10 g of the dilute solution leave on evaporation and drying 1.2 
g of anhydrous CuSO^^ ? The solubility of CuSOe, in water at 25° C 
is 25. 

Solution: 100 g of dilute solution of CUSO 4 contain 

= 1 . 2 x 10 = 12 . 0 gCuS 04 
Mass of water present in dilute solution 
= ( 100 - 12 ) = 88 g 

To saturate 100 g of water, CUSO 4 required = 25 g 
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25 

So, to saturate 88 g of water, CUSO 4 required =-x 88 

^100 

= 22 g 

Thus, the mass of CUSO 4 to be added to 100 g of dilute 
solution to saturate it = (22-12) = lOg 

5.9 COLUGATIVE PROPERTIES OF 
DILUTE SOLUTIONS 

A dilute solution is one in which the amount of the solute is 
very smaU in comparison to the amount of the solvent. The 
dilute solutions show more or less ideal behaviour as the heat and 
volume changes, accompanying the mixing of solute and solvent, 
are negligible for all practical purposes. Dilute solutions obey 
Raoult’s lawi 

Dilute solutions containing non-volatile solute exhibit some 
special properties which depend only upon the number of solute 
particles present in the solution irrespective of their nature. These 
properties are termed as colligative properties. The colligative 
properties are; 

(i) Lowering in the vapour pressure, 

(ii) Elevation in the boiling point, 

(iii) Depression in the freezing point and 

(iv) Osmotic pressure. 

Colligative properties are the properties of dilute solutions, 
that is why these are termed as colligative properties of dilute 
solutions. These properties are related to one another. Thus, if 
one is measured, the other can be calculated. The importance of 
these properties lies in the fact that they provide methods for the 
determination of molecular masses of dissolved solutes. The 
results are excellent if the following three conditions are 
satisfied: 

(i) The solution should be very dilute. 

(ii) The solute should be non-volatile. 

(iii) The solute does not dissociate or associate in solution. 

5.10 LOWERING IN THE VAPOUR 
PRESSURE 

When a non-volatile solute is added to a solvent, the vapour 
pressure is lowered due to the following reasons: 

(i) Percentage surface area occupied by the solvent decreases. 
Thus, the rate of evaporation and vapour pressure decreases. The 
solute molecules occupy the surface, and so the per cent surface 
area occupied by the solvent decreases. 

(ii) According to Graham’s law-of evaporation, 

Rate of evaporation « .^ _ 

.^density 

When a non-volatile solute is dissolved in a liquid, its density 
increases. Thus, both rate of evaporation and vapour pressure are 
lowered. 

If Pq is the vapour pressure of pure solvent and p^ is the 
vapour pressure of the solution, the difference {pq - p^) is 


termed lowering in vapour pressure and the ratio 


P^-P. 
Po . 


IS 


termed relative lowering in vapour pressure. 

Raoult, in 1886, established a relationship between relative 
lowering in vapour pressure and composition of the solution after 
a series of experiments in various solvents. The relationship is 
known as Raoult’s law. It states that the relative lowering in 
vapour pressure of a dUute solution is equal to mole fraction 
of the solute present in the solution. 

If n moles of solute be dissolved in N moles of the solvent, the 

mole fraction of the solute will be —-—. 

n + N 


According to Raoult’s law. 


Po ~ Ps 


p^ n + N 

This is the mathematical expression for Raoult’s law. 
[Modified form of Raoult’s law: The above relationship 
can be written as, 

Pn n + N , N 

Ps n n 


or 


or 


Po 

Po 


1 ^ 

1 = — or ■ 


Po-Ps 
Po ~ Ps 


n 

'~N 


Po 

w. 


■ X 

niA w 


Ps 

B 


N 

11 


This equation gives accurate results and is easy to apply.] 

Derivation of Raoult's Law for a Dilute Solution 

When a non-volatile solute is dissolved in a volatile solvent, a 
fraction of the surface of solvent is blocked by solute molecules 
where no evaporation occurs. Thus, under similar conditions, the 
vapour pressure is decreased. The vapour pressure of the 
solution, thus, depends, upon the number of molecules of the 
solvent present on the surface of the solution. The number of 
such molecules is proportional to mole fraction of the solvent. 

So, the vapour pressure of solution, 

. , N 

n + N 

‘ , N . _ .. 

" . ^ ^ Ps =k -— ,...,.,.(i) 

_____ -n-+-M- .. 

(A is proportionality faetor) 


or 


For pure solvent, 
and hence. 


Po 


= 0 
: k 


N 


0 + A 


■ = k 


...(ii) 


Putting the value of k in eq. (i) 
Ps = Po 


N 

n + N 


Note : Isopiestic solutions : Two solutions having same vapour pressure at same temperature are known as isopiestic solutions. 
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Po 


... (iii) 


This is Raoult’s equation. 

If a solution is made by dissolving Wg g of solute (molecular 
mass ntg ) in g of the solvent (molecular mass ), the mole 
fraction of the solute will be 


If the solution is very dilute, —^ can be neglected in the 

mg 

Wa 

denominator as compared to The eq. (iii), thus, becomes 


Po-Ps _ 

Po mg X 

This relationship is useful in the determination of the 
molecular mass of dissolved solute by measuring relative 
lowering of vapour pressure. 


Measurement of Relative Lowering in Vapour 
Pressure (Ostwald and Walker Method) 

The apparatus used is shown in Fig. 5.8. It consists of two sets 
of bulbs. The first set of three bulbs is filled with solution to half 
of their capacity and second set of another three bulbs is filled 
with the pure solvent. Each set is separately weighed accurately. 
Both sets are connected to each other and then with the accurately 
weighed set of guard tubes filled with anhydrous calcium 
chloride or some other dehydrating agents like P 2 O 5 , cone. 
H 2 SO 4 etc. The bulbs of solution and pure solvent are kept in a 
thermostat maintained at a constant temperature. 



Solution Solvent Weighed CaCIa tubes 


Fig. 5.8 Ostwald and Walker method 


A current of pure dry air is bubbled through the series of bulbs 
as shovTi in Fig. 5.8. The air gets saturated with the vapours in 
each set of bulbs. The air takes up an amount of vapours 
proportional to th>. vapour pressure of the solution first and then 
it takes up more amount of vapours fi'om the solvent which is 
proportional to the difference in the vapour pressure of the 
solvent and the vapour pressure of solution, i.e., Pq - p^. The 
two sets of bulbs are weighed again. The guard tubes are also 
weighed. 


Loss in mass in the solution bulbs p^ 

Los in mass in the solvent bulbs ( Po - Ps) 

Total loss in both sets of bulbs «[ + ( Po “ /’j)] 

Total loss m mass of both sets of bulbs is equal to gain in mass 
of guard tubes. 

Thus ~ solvent bulbs 

Pq Total loss in mass in both sets of bulbs 
_ Loss in mass in solvent bulbs 
Gain in mass of guard tubes 
Further, we know from Raoulf s law, 

Po-Ps _ Ws/mg 

Po 

Loss in mass of solvent bulbs _ Wg I mg 
Gain in mass of guard tubes /mg 

The above relationship is used for calculation of molecular 
masses of non-volatile solutes. 

For very dilute solutions, the following relationship can be 
applied; 

Pq - p^ _ Loss in mass of solvent bulbs _Wg 
Pq Gain in mass of guard tubes mg x 

Vapour Pressure of Liquid and Temperature 

Liquid Vapour Alfvap >0 

Vapour pressure of liquid increases with temperature. Here, 
AH is enthalpy of vaporisation. A graphical representation of 
vapour pressure versus temperature is given below : 



Temperature -► 1/T 


Fig. 5.9 Variation of vapour pressure with temperature 


If vapour pressure of a liquid is known at a temperature; it can 
be calculated at another temperature using Clausius-Clapeyron 
equation : 




2.303i? 




Here, P, = Vapour pressure at temperature F, 
P 2 = Vapour pressure at temperature T 2 


Some Solved ExamplesMSS;: I: 


Example 25. Calculate the vapour pressure lowering 
caused by addition of 50 g of sucrose {molecular mass = 342) to 
500g of water if the vapour pressure ofpure water at 25°C is 23.8 
mm Hg. 
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Solution: According to Raoiilt’s law, 

Pq- Ps __ n 


Pa 


or 


Ap = 


n + N 

n 

n + N 
500 


-Po 


Given: n = — = 0.146; N = ~ = 27,78 and p. = 23,8 
342 18 

Substituting the values in the above equation, 

Ao =- -X 23.8 = 0.124 mm Hg 

0.146+27.78 

Example 26. The vapour pressure of pure benzene at a • 
certain temperature is 640 mm Hg. A non-volatile solid weighing 
2.175g is added to 39.()g of benzene. The vapour pressure of the 
solution is 600 mm Hg. What is the molecular mass of the solid 
substance? (UT 1990; .MLNR 1992) 

Solution: According to Raoult’s law, 

Pa-Ps ^ « 

Po 

Let m be the molecular mass of the solid substance. 


2.175 


m 


N-- 


78’ 


0.5 


(molecular mass of benzene = 78) 
Pq = 640 mm; p^ = 600 mm 
Substituting the values in above equation, 

2.175 

640-600 


m 


640 


2.175 


m 


+ 0.5 


2.175 

2.175 +0.5 m 


m = 


2.175X 16-2.175 
0.5 


^ 65.25 


Example 27. A solution containing 30 g of a non-volatile 
solute in exactly 90 g of water has a vapour pressure o/21.85 mm 
of Hg at 25°C. Further, 18 g o/ water, is then added to the 
solution; the new vapour pressure becomes 22.15 mm of Hg at 
25°C. Calculate {a) molecular mass of the solute and {b) vapour 
pressure of water at 25° C. t.YlLiNR 1990) 

Solution:. Let the vapour pressure of water at 25°C be p^ 
and molecular mass of the solute be m. 

Using Raoult’s law in the following form, 

Pa~ Ps ^ wM 
p, Wm 


For solution (I), 

For solution (11), 

22.15 

Dividing eq. (i) by eq. (ii), 
(;;o-21.85);^ 22,15 


(^0 -21.85) _ 30x18 
21.85 

(Po-22.15) 


90 X m 
30x18 
108 X m 


... (i) 
... (ii) 


21.85 


90 


( Po -22.15) 

Po =23.87 mm of Hg 
Substituting the value of Po in eq. (i) 

m = 67.9 


Example 28. What mass of non-volatile solute ■ {urea) 
needs to be dissolved in lOOg of water in order to decrease the 
vapour pressure of water by 25%. What will be the molality of 
solution? (IIT1993) 

Solution: Using Raoult’s law in the following form, 

Po - Ps _ wAf 
Ps 

If Po = 100mm, then p^ = 75 mm 
100-75 ^ wxl8 
75 ^100x60 


w= 111.1 


Molality = 


wx 1000 
mx W 


111.1x1000 

60x100 


= 18.52 m 


... .Example 29. A current of dry air was bubbled through a 
bulb containing 26.66 g of an organic compound in 200 g of 
water, then through a bulb at the same temperature, containing 
water and finally through a tube containing anhydrous calcium 
chloride. The loss of mass in bulb containing water was 0.087 g 
and gain in mass of the calcium chloride tube was 2.036 g. 
Calculate the molecular mass of the organic substance. 

^ . Po ~ Pc Loss in mass of solvent bulb 

Solution: — ss. = -^- 

Po Gain in mass of CaCl 2 tube 


0.087 

2.036 


Let the molecular mass of the organic substance be m. 
According to Raoult’s law, 

Pq- Ps _ w/m 


Po 

w^W 

m M 



26.66 


0.087 _ 

m _ 

26.66 

2.036 

26.66 200 
-+- 

26.66 +-m 


- J - i - 

m 18 18 

m= 53.75 


Example 30. The vapour pressure of a dilute aqueous 
solution of glucose is 150mm Hgat 313 K. Calculate (i) molality, 
(ii) mole fraction of the solute. 

Solution: po = Vapour pressure of water at 373 K = 760 

mm Hg 

Using Raoult’s law in the following form, 


Pq~ Ps _ 

wM 

Ps 

Wm 

760- 750 _ 

w 

750 

Wm 


w _ 10 

If xm~^ 750x18 


or 
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w 10x1000 

Molality =-X 1000 =-= 0,74 m 

Wxm 750x18 


= Mole fraction of solvent x 
750 


Mole fraction of solvent; 


760 


So, 


Mole fraction of solute = 1 


750 

760 


= 0.0132 


Example 31. Calculate the vapour pressure of an aqueous 
solution which contains 5 mass per cent of urea. The vapour 
pressure ofpure water is 23.5 mm Hg. Molar mass of urea is 60. 

Solution: Mass of urea = 5 g 


Mass of water = (100 - 5) = 95 g 

No. of moles of urea = — = 0.083 
60 

95 

No.of moles of water =— = 5.278 
18 

Total number of moles = 5.278 + 0.083 
= 5.361 
5 278 

Mole fraction of solvent = —^- 

5.361 

p^ = Mole fraction of solvent x p^ 
5.278 ~ 

= ^^x 23.5= 23.14 mm 
5.361 

Example 32. 1 Og of glucose (molar mass 180) and 2Qg of 
sucrose (molar mass 342) are dissolved in IQO g of water. What 
will be the vapour pressure of the resultant solution if the vapour 
pressure of water is 35 mm Hg? 

Solution: Mass of glucose = lOg 
No. of moles of glucose = 0.0556 

MassofsiKrose = 20g .. , ■ 

No. of moles of sucrose = 0.0585 
Mass of water = 100 g 
No. of moles of water = 5.556 
Total number of nwles = 5.556+ 0.0585 + 0.0556 
= 5.67 

Mole fraction of water = 

5.67 

Vapour pressure of solution =Mole fraction of water x p^ 

5.556 

=-x35=34.3mmHg 

5.61 ■ 

Exa:ni'p'e 33. Calculate the vapour pressure of an aqueous 
solution ofl.Omolal glucose solution at 100°C 

w 

Solution: Molality =-xlOOO 

it.'aW 


where, w = mass of solute in grams; 
' W = mass of s)lvent in g-ams 


w 


w 


1,0 =—II—XlOOO 
mxW 

1 0 

or -= = 0.001 

mxW 1000 

Applying Raoult’s law for dilute solution, 
Po-P, _ 


w 


Pq mxW 
760 -p 


■xM 


(M = 18) 


760 


0.001 x 18 ( po = 760nnn at 100°C) 


or p, =760-760x0.001x18 

. =760-13.68 

= 746.32 mm 

Example 34, The vapour pressure of pure benzene at 
50°C is 268 mm ofHg. How many moles of non-volatile solute per 
mole of benzene are required to prepare a solution Of benzene 
having a vapour pressure 167 mm of Hg at 50°C? 

Solution: Applying Raoult’s law in the following form: 

Pq - Pg _ wM _ wl m 
p, ' WIM 


or 


. = No, of moles of solute per mole of benzene 
n _ (268-167) 

N ~ 167 


0.6047 = 0.605 


Alternative method: We know that, p^ = Mole fraction of 

solvent X pg 


or 


So, 


167 = Mole fraction of solvent x 268 
167 

Mole fraction of solvent =-= 0.623 

268 


Mole fraction of solute = 1 - 0.623 = 0.377 
n Mole fraction of solute 0.377 


N Mole fraction of solvent 0,623 


0.605 


19. 


20 . 


The vapour pressure of water at 23°C is 19.8 nun. 0.1 mole 
glucose is dissolved in 178.2 g of water. What is the vapour 
pressure (in nun) of the resultant solution? 


(a) 19 
[Ans. 


(b)] 


(b) 19.602 (c) 19.402 (d) 19.202 


[Hint; nj=0.1, «^ = 


178.2 

18 


= 9.9 


9.9 


+ % ^-9+ 0.1 


0.99 


P=P<3Xa 

= 19.8x0.99 =19.602 mm] 

What is the vapour pressure of the solution containing 34.2 g 
of sucrose per 100 g of water at 25°C? The vapour pressure of 
water at is 23.75 nun. 

(a) 20.3 mm (b) 23.10 nun 

(c) unpredictable (d) 23.33 mm 
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[Ans. (d)] 
Pint: = 




m 

18 


= 5.55 


__ 34.2 
r 342 
5.55 


0.1 


5.55+ 0.1 


5.55 

5.65 


: 0.982 


P = PoXa 

= 23.75x0.982 = 23.33 mm] 

21. Lowering of vapour pressure due to a solute in 1 molal 
aqueous solution at 100°C is: 

(a) 13.44 mm Hg 
(c) 31.2 mm Hg 
[Ans. (a)] 

rr,. . Xg X 1000 

Pint: m = —^- 

(1 - 

J _ Xg X 1000 
■■(l-xs)xl8 

% =0.0176 

= 1-0.0176=0.9824 
P^PO^A 

= 760 X 0.9824 = 746.62 
Ap = P(j ~ p = 760 - 746.62 
= 13.4] 

22. The mass of a non-volatile solute (molecular mass = 40) 
which should be dissolved in 114 g octane to reduce its vapour 
pressure to 80% will be: 

(a)20g (b)30g (c)lOg (d)40g 

[Ans. (c)] 

pint: Ifpo = 100,thenp=80 

P = P0^A 
80 = 100xx^ 
x^=0.80 

Ha _ 114/114 

'* iiA + ng 114/114 + Wg / 40 


1 + / 40 

jL 

40 0.8 


(b) 14.12 mm Hg 
(d) 35.2 mm Hg 

Xg = mole fraction of solute 
= molar mass of solvent 


23. 


24. 


Wg = 10g] 

3g urea is dissolved in 45g of water. The relative lowering of 
vapour pressure is : [Coined (Karnataka) 2008] 

(a) 0.05 (b)0.04 (c)0.02 (d)O.Ol 

[Ans. (c)] 

pint: /j„ = — = 0.05; n, = — = 2.5 
* 60 18 


Po 


0.05 


= 0.0196=0.02 ] 


2.5+ 0.05 

When 25g of a non-volatile solute is dissolved in lOOg of 
water, the vapour pressure is lowered by 0.225 mm. If the 


vapour pressure of water at 25'’C is 17.5 inm, what is the 
molecular mass of the solute ? [EAMCET (Engg) 2008] 

(a) 206 (b)302 ' (c)318 (d) 276 

[Ans. (c)] 

pint: P = PoXa 


(17.5-0.225)= 17.5 X- 


100/18 


17.5 

0.987 


17.275 ( 100 ^ 25 

18 mg 

25 


100/18 + 

100 
18 


7^ 

mg 


5.55+- 


mgj 


■- 5.55 


5.55 + — = 5.628 

mg 

mu ~ 318 mm] 


5.11 ELEVATION OF BOILING POINT 
(Ebullioscopy) 

The boiling point of a liquid is the temperature at which its 
vapour pressure is equal to the atmospheric pressure. The 
vapour pressure of a liquid is lowered when a non-volatile solute 
is added to it. Hence, the temperature of the solution when its 
vapour pressure will be equal to atmospheric pressure will be 
higher than the temperature of the pure solvent. In other words, 
the boiling point of the solvent is elevated by the addition of 
non-volatile solute. The difference in the boiling point of the 
solution and the boiling point of the pure solvent is termed 
elevation of boiling point. 

Elevation of boiling point, 

(AT ) = Boiling point of the solution - Boiling point of pure 

solvent 

This can be better understood by plotting a graph of vapour 
pressure against temperature for a pure solvent and two solutions 
of different concentrations. The curves of the solutions always lie 
below the curve of the pure solvent. The line PqC represents the 
atmospheric pressure. T^', Fj and Ti represent the boiling points 
of pure solvent, solution I and solution II respectively. The 
vapour pressure of pure solvent, solution I and solution II at 
temperature Tq are Pq , P] and P 2 respectively. 



Temperature - 

Fig. 5.10 
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Assuming that the solutions are very dilute, these curves may 
be approximately taken as straight lines near the boiling point. 
Thus, M.CE and dABD are similar. 


Therefore, —- =- % 


1 


AB 

AD 


or 

Tz 

-To 

-Po- 

Pi 


Ti 

- Tq 

Po- 

Pi 



AT, 

AP 2 


or 


— 

zz - 




AT, 

AT, 


or 


AT 

o=af 



From Raoult’s law for dilute solution, 
Po 


i Ps = vapour pressure of solution) 


or 


Wb y-m, 

Po-Ps= - ■ Po 

nia XW i 


rtg A. 

For the pure solvent, (its vapour pressure at the boiling 
point) and (its molecular mass) are constant. Therefore, 

Wb 


Po-Ps 


mgXw^ 


or ApxAT<x - S— 

ntg X 

or AT = K - ^ - ...(i) 

mg xwj 

where A' is a constant, called as elevation constant. 

Wo 

When, —^ = 1, (one mole of solute) and w^ = 1 g, then 

mg 

AT = K 

Thus, boiling point constant is equal to the elevation in boiling 
point which would be theoretically produced when 1 mole of a 
non-volatile solute is dissolved in 1 g of the solvent. 

If = 1 and =100g, 

mg 

Then, AT=--^ = K' 

100 


K ' is called molecular elevation constant. It is defined as the 
elevation in boiling point produced when.! mole of the solute 
is dissolved in 100 g of the solvent. ' 

Thus, .^: = 100A' 

Putting this value in eq. (i), 

AT =100 A'—...(ii) 

mg w^ 


IffA=,i and w^=1000g, 
mg 

* This relation may also be written as: 

1000 k:* xw 

AT = - - - 

mxW 


Then, 


AT = 


K 

1000 



K'l, is called molal elevation constant, li is defined as the 

elevation in boiling point produced when 1 mole of the solute 
is dissolved in 1000 g of the solvent. 

Thus, ' .^ = 1000^:* 

Putting this value in eq. (i). 


or 


if - 1000^6 Wj 
mj Wg 

AT = Molality X r ft 

Wg 

Since- - — 



X 1000= molality 


The elevation in boiling point of a solution Oi 
non-electrolyte is proportional to its molality and equimolal 
solutions of all the substances in the same solvent will show 
equal elevation in boiling points. These are known as Raoult’s 
laws of elevation of boiling point. 

Molal elevation constant is characteristic of a particular 
solvent and can be calculated from the thermodynamical 
relationship. 


10004 

where, i? is molar gas constant, T* is the boiling point of the 
solvent on kelvin scale and the latent heat of vaporisation of 
solvent in calories per gram. 

_ 2X (373)^ n oto 

For water Kf,= --=- = 0.515 

1000x540 


•The molal elevation constants for some common solvents are 
given in the following table: 

Table 5.4 MablElevaliMCaMlaBAstf SawSalviBite 


Sukwt 


Miiiiil gieviiliwi ginTirwit 

Water 

100.0 

0.52 

Acetone 

56.0 

1,70 

Chloroform 

61.2 

3.67 

Carbon tetrachloride 

76.8 

5,02 

Benzene 

80.0 

2.70 

Fthyl alcohol 

78,4 

1.15 


If Aft, ,AT.and Wg are known, molecular mass of a 
non-volatile solute can be determined. The most convenieiit 
method for the determination of AT in the laboratory is the 

Lanrtsberger method. 


where, w and W are masses of solute and solvent respectively and m = molecular mass of solute. 
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5.12 DEPRESSION OF FREEZING POINT 
(Cryoscopy) 

Freezing point of a substance is defined as the temperature at 
which the vapour pressure of its liquid is equal to the vapour 
pressure of the corresponding solid. Since, the addition of a 
non-volatile solute always lowers the vapour pressure of a 
solvent, therefore, it will be in equilibrium with solid phase at a 
lower pressure and hence at a lower temperature. The difference 
between the freezing points of the pure solvent and its solution is 
called depression of freezing point. 

Depression of freezing point 

{AT ) = Freezing point of the solvent 

- Freezing point of the solution 

This can he better understood by plotting a graph of vapour 
pressure against temperature for a pure solvent and two solutions, 
solution I and solution II. CFB is a curve for a solid solvent. The 
solvent, solution I and solution II vapour pressure cun'es meet 
CFB curve at points B, F and C respectively. Thus, Tq , f, and Tj 
are the freezing points of pure solvent, solution I and solution II 
respectively. The vapour pressures at temperatures Jg, Jj and T 2 
for solvent, solution I and solution II are, thus, Pq,Pi and P 2 
respectively. 

For very dilute solutions, the curves FD and CE are almost 
straight lines and CB is also nearly a straight line. The ABEC and 
ABDF are similar. 

EC _ BE 
'dF~ BD 


So, 


Tr, 


• or 


or 


or 


Tn-T 


AT, AP, 
ATocAP 



Fig. 5.11 

From Raoult’s law for dilute solucions, 

• Pa- P, 

mg 


Po 




* This relation may also' be written as: 

AT = ^ 


1000 KfXw 


or 


Pq-P. 


Wd m. 


or 


or 


or 


mg 

Wa 

dmg 

are c 



mg 

Wg 



■Pa 


For the pure solvent, and mg are constants. Therefore, 
Pa - Ps 

Ap‘ 


mg Wj 


Ap°^AT°c- 


Wb 


OTfl W 


‘B 


AT^K- 




m„ w 


... (i) 


■B 


When, 


w, 




where, ^ is a constant, called depression constant. 
1 (one mole of solute) and = Ig 


AT=K 

Thus, depression constant is equal to the depression of the 
freezing point which would be theoretically produced when one 
mole of a non-volatile solute is dissolved in 1 g of the solvent. 


If 


w 


B _ 


m„ 


= land Wg = 100g. 


AT 


K 

m 

= K' 

K' is called molecular depression constant. 

It is defined as the depression of freezing point produced 
when 1 mole of the solute is dissolved in 100 g of the solvent. 

Thus. K = 100K' 


Putting this value in eq. (i), 

_ lOOif'xwB 
AT = - 


mg 


...(ii) 


w 


If -^ = land =1000g 


ffJs 


AT-- 


K 

1000 


K. 


■f 


is called molal depression constant. 

It is defined as the depression of freezing point produced 
when 1 mole of solute is dissolved in 1000 g of the solvent. 

Thus, K = lOOOii:/- 

Putting this value in eq. (i), 

Wr 


AT =1000^ 


/ 


mg 


... (hi) 


mxW 

where w and W are the masses of solute and solvent respectively and m = molecular mass of solute. 
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or 


AF = molality x K 


f 

Kf h characteristic of a particular solvent and can be 
calculated from the thermodynamical relationship 


0.002 T. 


K. j- — ■ 


/ 




where, Fj is the freezing point of solvent in absolute scale and L y 
the latent heat of fusion in calories per gram of the solvent. For 
water, 

^ 0.002 X (273)^ 

K f — ---—- 

^ 80 

= 1.86Kkgmor‘ 

The molal depression constants for some common solvents are 
given in the following table: 


Table 5.5 Molal Depression Constants of Some Solvents 


Solvent 

F.pteC) 

Molal elevation constant 
(K kg mol"*) 

Water 

0.0 

, 1.86 

Ethyl alcohol 

-114.6 

1.99 

Chloroform 

-63.5 

4.70 

Carbon tetrachloride 

-2'2.8 

29.80 . 

Benzene 

5,5 

5.12, , 

Camphor 

179.0 

39.70 


If Kj-,w^,AT and Wg are known, molecular mass of a 
non-volatile solute can be determined. AF is measured by 
Beckmann’s method in the laboratory. 

The molecular mass of non-volatile and non-ionisable solute 
can be calculated using following fonnula: 

mg =-Xx^xl000 
AF 

where, wg and are the masses of solute and solvent- 
respectively. ^ 

Anti-freeze solutions : Water is used in radiators of cars an4 
other automobiles. In cold coimtries where the atmosgjiesEic..^ 
temperature becomes less than zero degree, the water in *the 
radiators would freeze. Anti-freeze solutions are useful under 
these conditions when the vehicles are used in the regions, of 
sub-zero temperature so that the water does not freeze in 
radiators. Such solutions are made by dissolving ethylene glycol 
in water. Freezing point can be lowered to the desired'extent by 
varying the concentration of ethylene glycol. Glycerol can also 
be used as anti-freeze. 

Freezing mixture : It is a mixture of ice and common salt 
(NaCl). It is used in the making of ice-cream and in the 
laboratories to create low temperatures. With the help of this 
mixture, a temperature as low as -33°C (240 K) can be achieved. 
Note: Ebullioscopic and cryoscopic methods are effective when : 

(i) Solutions are dilute. Solutions obey Raoult’s law. 

(ii) The solute is non-volatile, 

(iii) There is no association or dissociation of solute molecules in the 
solution. . 


(iv) Solute does not form a solid solution with solvent in frozen state, 
i.e., only solvent separates in solid state on freezing the solution, 
(v) Equimolal quantities of different substances dissolved in the 
same quantity of solvent bring out the same depression in 
freezing point of the solvent under identical conditions. 

: * r’.SI ^SoME Solved ExAMPLEi\ 82n: •: 


Example 35. On dissolving 10.8 g glucose (m. wr. = 180) in 
240 g ofwater, its boiling point increases by 0.13° C Calculate the 
molecular elevation constant of water. 


Solution: 


lOOiC ^ X w 
W 'Am 


AF aW Am 

or . K = - 

lOOxw 


Given, AF = 0.13“ C, IT = 240g, ISOand w = 10.8g 


0.13x240x180 

100x10.8 


5.2F 


Example 36. A solution of 2.5 g of a non-volatile solid in 
1 OOg benzene is boiled at 0.42°C higher than the boiling point of 
pure benzene. Calculate the molecular mass of the substance. 
Molal elevation constant of benzene is 2.67 K kg mol . 


Solution: 


lOOOi^. x w 

m = -- -2 - 

SVaAT 


Given, Kf, =2.67, w = 2.5g,lf = 100g,AF = 0.42 
1000x2.67x2.5 


m = 


= 158.9 


100x0.42 

The molecular mass of substance is 158.9. 

Example 37. The molal elevation constant for water is 
0.56 K kg mol Calculate the boiling point of a solution made 
by dissolving 6,0 g of urea {NH 2 CONH 2 ) in 2G0g of water. 

moKg A w 


Solution: 


AF: 


mxW 

Given, Ki, = 0.56 K kg mol"', w = 6.0g, W = 200g, m= 60 
1000x0.56x6.0 


AF = ^ 


= 0.28° C 


200x60 

Thus, the boiling point of solution = b.pt. of water + AT 

= {100° C + 0.28° C) = 100.28° C 

Example 38. By dissolving 13.6g of a substance in 20g of 
water, the freezing point decreased by 3.7°C. Calculate the 
molecular mass of the substance. 'Molal depression constant for 
water = 1.863 K kg mol ) 


Solution; m = 


1000iiTy X w 


W^xAF 
Given, Kj = 1.863K kg mol * 

w=13.6g,ff = 20g,AF=3.7°C 
1000x 1.863x 13.6 




20x3.7 


^ = 342,39 
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Example 39. On dissolving 0.25 g of a non-volatile 
substance in 30 ml benzene (densityO.Sg I mL), its freezing 
point decreases by 0.40°C Calculate the molecular mass of 
non-volatile substance (Kj- = 5.12 K kg mol ). 

Solution; Mass of benzene, W = volume x density 

- =30x0.8=24g 

Given, = 5.12K kg mol"*, w = 0.25g, AF = 0.40°C. 

We know that, 

1000X w 

m = -^- 

WxAT 

^ 1000x5.12x0.2 _5^^33 33 
24 x 0.40 

Example 40. A solution of 1.25 g of a certain non-volatile 
substance in 20 g of water freezes at 271.94 K Calculate the 
molecular mass of the solute {Kj- =\.%6K kg mol "*). 

Solution: Freezing point of solution = 271.94 K 

Freezing point of water = 273.0 K 

Ar = (273-271.94)=!.06K 
1000FT. X w 

We know that, m = -^- 

WxAT 

Given, Kj^ =1,86 K kg mol"*, w= 1.25 g, IF = 20 g and 
Ar = 1.06K. 

1000x1.86x1.25 

m =-= 109.66 

20x1.06 


Example 41. Two elements A and B form compounds 
having molecular formulae AB 2 and AB^. When dissolved in 
20.0 g of benzene, kOg of AB 2 lowers the freezing point by 
2.3°C, whereas 1 .Og ofAB^ lowers the freezing point by 1.3° C. 
The molal depression constant for benzene in 1000 g is 5.1. 
Calculate the atomic masses of A and B. 

Solution: We know that, 

1000 X w 

m = —-—I - 

WxAT 

N, 1 , r AT, - J * X 1000x5.1x1 

Molecular mass of ABj (from given data) =- 

^ 20x2.3 


= 110.86 


and Molecular mass of AB^ (from given data) = 


1000x5.1x1 

1.3x20 


= 196.15 

Further, AB^= A + 4B = \96.\5 ... (i) 

.452=^ + 23 = 110.86 ...(ii) 

Subtracting eq. (ii) from (i), 

25 = 85.29 
5 = 42.645 

Putting the value of B in eq. (ii). 


4 + 85.29=110.86 

or 4 = (110.86-85.29)= 25.57 

Thus, the atomic masses of 4 and B are 25.57 and 42.645 
respectively. 

Example 42. 1.355 g of a substance dissolved in 55 g of 
CHjCOQH produced a depression in the freezing point of 
0.618°C. Calculate the molecular weight of the substance 
(Kj- = 3.85). [CECE (Mains) Bihar 2005] 

Solution: AT = KfX - 

Mb xw^ 


where, Wg = mass of solute, m^ = molar mass of solute, w^ = 
mass of solvent 


0.618 = 3.85 X 


1.355x1000 
mo X 55 


mg = 153.47 

Example 43. 4n aqueous solution of a non-volatile solute 
boils at 100.17“C. 4r what temperature will the solution freeze? 
{Given: = 0.512 .K" kg mol "* and Kj- = 1. 86 Fr kg mol "*) 


Solution: We know that, 

AFj = molality xK^ 
0.17 = nrolality x 0.512 
0 17 

Molality of the solution =- m 

0.512 


Let depression in freezing point be AT^ 

ATj- = molality xKj- 
0 1 ? 

= _LiLLx 1.86= 0.62° C 
0.512 

Thus, the freezing point of the solution is 
0.00-0.62 = -0.62°C 

Example 44. 18g of glucose, C^Hi20(,, is dissolved in 1 kg 
of water in a saucepan. At what temperature will the water boil 
(1.013 bar pressure)? K ^ far water is 0.52 K kg mol ~^. 


Solution: 


AT = K, 


Wo X 1000 

X —2 - 

mg xw^ 


AT = 0.52 X 


18x1000 

180x1000 


r-To =0.052 
F - 373 = 0.052 
F= 373.052 K 

Example 45.. 4 solution of urea in water has boiling point 
q/’100.1S°C. Calculate the freezing point of the same solution if 
Kf and far water are 1.87 K kg mol ”* and 0.52 K kg mol "* 
respectively. 

Solution: AF* = (100.15-100)= 0.15°C 


We know that, A F^ = molality x .ST ^ 


Solutions 


341 


Molality = ^ = ^ = 0.2884 
Ki, 0.52 

ATf = molality xKj- 

= 0.2884 X 1.87-0.54° C 


Thus, the freezing point of the solution = - 0.54 °C 

Example 46. In a cold climate, water gets frozen causing 
damage to radiator of a car. Ethylene glycol is used as 
antifreezing agent. Calculate the amount of ethylene glycol to be 
added to 4 kg of water to prevent itfrom freezing at {Kj- for 

water -I.S5K kg mol ). (HX1992) 

Solution: Given, 


A7’=6°C, )F = 4kg = 4000g, m=62,Kj =1.85 


mxWx^T 

w =- 

1000 xiCy 

_ 62 x 4000 x6 
1000x1.85 


804.32g 


Example 47. A solution containing 0.2563 g of 
naphthalene {molecular mass =128) in 50 g of carbon 
tetrachloride yields a boiling point elevation o/0.201°C while a 
solution O/0.6216g of an unknown solute in the same mass of the 
solvent gives a boiling point elevation of 0.647°C. Find the 
molecular mass of the unknown solute. 

Solution: We know that, 

lOOOxw 


ForCCl 4 , 


0.201x50x128 

1000x0.2563 


5.019 


Kj, is now used in the second part of the problem. 


1000x.g^ xw 
ET^xW 

1000x5.019x0.6216 

0.647x50 


96.44 


Example 48. Calculate the molal depression constant of a 
solvent which has freezing point 16.6°C and latent heat offusion 
180,75 Jg-'. 


Solution: 


RT 


Kr 


/ 


lOOOxI 


'/ 


/? = 8.314JK"‘ mor', 


Ty =16.^ C= 273+ 16.6 = 289.6 K, 
iy =180.75 Jg”' . 

Substituting the values in the above equation, 

i^=M14^1^ = 3.86 

^ 1000x180.75 


llUlfWiWNS OF OBlECnVF QUESTIONS 


25. Calculate the molal depression constant of a solvent which has 
freezing point 16.6°C and latent heat of fusion 180.75 J g“': 

IJEE (Orissa) 20051 

(a) 2.68 (b)3.86 (c)4.68 (d) 2.86 

[Ans. (b)] 

RT " 

[Hint: -9- Jo = 273 + 16.6 = 289.6 K 

lOOOT 

_ 8.314 X (289.6)^ 

1000x180.75 


= 3.86] 


26. The elevation in boiling point for 13.44 g of CuClj dissolved 
in 1 kg of water as solvent will be (Kj, = 0.52 K kg mol'’; 
molar mass of CuCl, = 134.4 g/mol): (UT 2005) 

(a) 0.05 (b)OJO . (c)0.16 (d) 0.20 

[Ans. (c)] 

[Hint: i = 3, assuming complete ionization of CuCl j 


AT = ixK^x 


Wg X 1000 

mg X wg 


= 3 X 0.52 X 


13.44x1000 

134.4x1000 


= 0.156-0.16] 


27. A solution containing 7 g of a solute (molar mass 210 g mol'') 
in 350 g of acetone raised the boiling point of acetone from 
56°C to 56.3°C. The value of ebullioscopic constant of 
acetone in K kg moF' is; 

(a) 2.66 (b)3.15 (c)4.12 (d) 2.86 

[Ans. (b)] 


28. 


[Hint: 


AT =K^x 


Wg X 1000 
Wfl X w. 


0.3 = if, 



7 X 1000 
210x350 

X 210x350 
7 X 1000 


= 3.15Kkgmor'] 


The normal boiling point of toluene is 110.7 f and its 
boiling point elevation constant is 3.32 K kg im)l '. The 


enthalpy of vaporization of toluene is nearly; 
(a)17kJmor' (b)21kJmor' 

(c)51kJmor' (d)68kJmor‘ 

[Ans. (b)] 


[Hint: 


RTff . 3 32 ^ (8.314 X 10'^) X (383.7)^ 
lOOOi’ ■ " 1000 xZ. 


/. = 0.368 kJ/g 

Latent heat per mol"= 0.368 x molar mass of acetone 
= 0.368 X 58 = 21.344 kJ mo! '] 

29. An aqueous solution freezes at -0,186°C (ZTj = 1,86 K kg 
mol”', Kj, = 0.512 K kg mol”'). The elevation of b. pt. of the 
solution is: 
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(a) 0.186 (b) 0.512 (d) 0.0512 

[Ans. (d)] 

[Hint: AT =Kj- xm 

0.186= 1.86 xm 
m = 0.1 


AT=Kf,Xm = 0.512 x 0.1 = 0.0512] 


30. 


The amount of urea to be dissolved in 500 cc of water 
(^^ = 1.86) to produce a depression O.T86°C in the 
freezing point is: [UGET (Manipal) 2006] 

(a) 9 g (b) 6 g (c) 3 g (d) 0.3 g 

[Ans. (c)] 


[Hint: 


AT = KfX 


0.186= 1.86 X 


Wg X1000 
m g X Wj 

Wg X 1000 


60 X 500 


Wg=3g] 


31. 


What should be the freezing point of aqueous solution 
containing 17 g of GjHjOH in 1000 g of water (Kj- for water 
= 1.86 deg kg mor')? 

(a)-0.69°G .(b)0.34°G 

(c) 0.0°C (d) - 0.34“C 

[Ans. (a)] 


[Hint: AT 


--KfX 


Wg X 1000 


1.86 X 


17x1000 


:0.69 


46x1000 

Freezing point of solution = 0 - 0.69 = - 0.69° C] 


5.13 OSMOSIS AND OSMOTIC PRESSURE 


Osmosis: When a semipermeable membrane is placed between 
a solution and a solvent, it is observed that solvent molecules 
enter the solution and the volume of solution increases. It is also 
observed that if two solutions of unequal concenfrations are 
separated by a semipermeable membrane, the solvent molecules 
from a solution of lower concentration move towards a solution 
of higher concentration. This phenomenon was first observed by 
Abbe Nollet (1748) and termed as Osmosis (Greek, osmos = to 
push). Osmosis is defined as the spontaneous flow of solvent 
molecules through semipermeable membrane from a pure 
solvent to a solution or from a dilute to a concentrated 
solution. 

The phenomenon of osmosis can be demonstrated by the 
following experiment: 

Two eggs of same size are taken and their outer hard shell is 
removed by dissolving in dilute hydrochloric acid. One of the 
eggs is placed in distilled water and the other in saturated salt 
solution. 

After sufficient time, it is noticed that the egg placed in water 
swells up and that placed in salt solution shrinks. In the first case, 
water enters the concentrated egg fluid while in the second case, 
water comes out of the egg as salt solution is more concentrated 
than the egg fluid. 


Difference between Osmosis and Diffusion 

The two processes, diffusion and osmosis, can be 
distinguished in term,s of the following aspects: 

(i) In diffusion, solute as well as solvent molecules flow in 
opposite directions while in osmosis the flow of solvent 
molecules occure in one direction only. 

(ii) For osmosis, a semipermeable membrane* is required 
while for diffusion it is not required. 

Semipermeable membrane 

“4 membrane which allows the solvent molecules to pass 
through it but prevents the passage ofsolute molecules through it 
is called a semipermeable membrane” 

Examples of semipermeable membranes are too many. 
Parchment paper, membranes covering the animal and plant cells 
and many gelatinous inorganic substances such as calcium 
phosphate and copper ferrpcyanide, etc., act as semipermeable 
membranes. Animal and plant membranes are not all completely 
semipermeable. The best semipermeable membrane used is 
prepared by deposition of copper ferrocyanide, Cu 2 [Fe(CN)g], 
in the pores of a porous pot. 

Working of semipermeable membrane : Sev-'ral theories 
have been put forward to explain the wuil^lng ux semipermeable 
membrane. These are: 

(a) The sieve theory : The theory was suggested by Traube. 
According to this theory, a semipermeable membrane contains a 
large number of small pores which act like a sieve. The pores 
allow the smaller molecules of solvent to pass through it but does 
not allow the larger molecules of solute to do so. However, this 
theory fails in those cases of semipermeability where the solute 
molecules- are smaller than the solvent molecules. 

(b) The solution theory : According to this theory, a 
membrane is permeable to those substances which dissolve in it 
and is impermeable to those which are insoluble in it. Thus, a 
layer of phenol acts as a semipermeable membrane when placed 
between a solution of Ca(N 03 ) 2 . Phenol allows water to pass 
through it because water is soluble in phenol. It is impermeable to 
Ca(N 03 )2 because Ca(N 03 )2 is insoluble in phenol. 

(c) Vapour pressure theory : According to this theory, a 
solvent can pass through a semipermeable membrane because the 
vapour pressure of the pure solvent is higher than the vapour 
pressure of the solution. This theory is widely accepted because it 
explains the phenomenon of osmosis. 

Osmotic pressure: A porous pot is taken and a 
semipermeable membrane of copper ferrocyanide is deposited in 
its walls. It is fitted with a long glass tube with the help of a 
rubber stopper. It is filled with concentrated aqueous sugar 
solution and placed in distilled water. Osmosis occurs and the 
leveTof the solution in glass tube rises over a period of time. 
After a few days, the level becomes stationary. At this 
equilibrium state the hydrostatic pressure of the liquid column 
exactly balances the tendency which enables the water molecules 
to pass through semipermeable membrane. 


* Membranes which allow the passage of only solvent molecules through them are called semipermeable membranes. Egg membrane, goat’s bladder 
and cell membranes can serve as semipermeable membranes but these are not perfect for laboratory measurements. Artificial membranes of gelatinous 
inorganic substances such as copper ferrocyanide are used these days as semipermeable membranes. 
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Fig. 5.12 Hydrostatic pressure determination 

The hydrostatic pressure developed as a result of osmosis 
is a measure of osmotic pressure of the solution. Osmotic 
pressure is also defined as the hydrostatic pressure built up on 
the solution which just stops the osmosis. 

Osmotic pressure = hydrostatic pressure 
3t = hdg 

where, h - increase in level in the tube of unit cross section, 
d = density of solution and g ~ acceleration due to gravity. 

Actually, this will not be an exact measure of osmotic pressure 
of the solution originally taken because sufficient dilution has 
taken place with time. 

If osmosis takes place due to concentration gradient Le., when 
two solutions of different concentration are separated by 
semipermeable membrane then, 

% = hdg^ ACRT 

Alternative definition: An apparatus as shown in Fig. 5.13 
consists of a water-tight chamber which is divided into two 
halves by a semipermeable membrane and fitted with a 
water-tight piston and a flow indicator in separate compartments. 
The compartment having a piston is filled with solution and the 
other compartment is filled with a pure solvent. Water (solvent) 
tries to flow into the solution side. To check this tendency, a 
certain pressure shall have to be applied by the piston. This 
external pressure -is thus a measure of osmotic pressure of the 
solution. The external pressure which must be applied on the 



Semipermeable membrane 

Fig, 5.13 


solution in order to stop the flow of the solvent into the 
solution through semipermeable membrane is equal to 
osmotic pressure. 

Determination of Osmotic Pressure: Berkeley and 
Hartley’s Method 

Various methods are employed for the measurement of 
osmotic pressure but the best known method was suggested by 
Berkeley and Hartley. The apparatus used is shown in Fig. 5.14. 
A porcelain tube having copper ferrocyanide membrane in its 
walls is enclosed in a metallic jacket. The porcelain tube is fitted 
with a reservoir of pure solvent at one end and a capillary tube at 
the other end. In a metallic jacket, there is an arrangement for 
applying external pressure which is measured with the help of 
pressure gauge. 

External 

Stop cock 


Semipermeable 
membrane 

Steel vessel 

Fig. 5.14 Berkeley and Hartley's method 

Procedure: The porcelain tube is filled with pure solvent 
and the metallic jacket with solution. The level in the capillary 
tube will tend to move down as the solvent flows towards 
solution due to osmosis. External pressure is now applied on the 
. solution by the piston so that level in capillary remains stationary. 
The reading of pressure gauge is recorded. This is the osmotic 
pressure of the solution. 

Advantages: (i) It is a quick and accurate method. 

(ii) The concentration of the solution does not change 
because flow of solvent is not permitted into solution; so the 
results obtained by this method are reliable. 

(iii) As the osmotic pressure is balanced by external pressure, 

there is no strain on membrane and the danger of its bursting is 
eliminated. So, this method can be used to measure high osmotic 
pressures also. • 

Comparison of osmotic pressures: de-Vries developed an 
approximate method for comparing the relative osmotic 
pressures of aqueous solutions. A solution of low osmotic 
pressure is termed hypotonic and solution of high osmotic 
pressure is termed hypertonic. The,protoplasmic layer, lining the 
cell walls of plant cells is easily penetrated by water but is almost 
impermeable to the substances dissolved in' the cellular fluid. 
When a plant cell is placed in hypotonic solution, the water is 
drawn in and the cell swells. If the cell is placed in a hypertonic 
solution, water will diffuse out of the cell fluid and partial 
collapse of the cell will take place when hypotonic solution is 
separated from hypertonic solution using semipermeable 
membrane, then osmosis takes place from hypotonic to 


pressure 

ill 
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Solutions 


The law is similar to Avogadro’s hypothesis. It can be stated 
as, “Equal volumes of dilute solutions of different solutes, 
having the same temperature and osmotic pressure, contain 
equal number of molecules”. 

For solution I, PV = nyST 

For solution II, PV ~ n 2 ST 

Thus,«, must be equal to when P, V and T are same. 

The analogy of dilute solutions with gases is thus perfect. This 
led van’t Hoff to suggest that a solute in dissolved state (Le., in 
solution) behaves as a gas and the osmotic pressure of the 
solution is equal to the pressure which the solute would exert 
if it were a gas at the same temperature and occupying the 
same volume as that of the solution. This statement is known as 
van’t Hoff theory of dilute solutions. 

5.15 DETERMINATION OF MOLECULAR 
MASSES 

In the case of dilute solutions, it has been stated that the equation 
PV = nST holds good. Instead of one gram mole of the solute 
present in V litre of solution, let Wg gram of solute (raol. mass 
mg) be present in V' litre of solution; then 

n = ^mdV = V' 


X Kj m2 X F2 ■ 

This is the condition for isotonic solutions. 

If molecular mass of one solute is known, the molecular mass 
of the other can be determined without using osmotic pressure 
values. 

Osmotic pressure of mixture of two solutions: 

Case I: Let two solutions of same substance having 
different osmotic pressures re, and 7l 2 are mixed. Osmotic 
pressure of the resultant solution can be calculated as, 

re,F, +re 2 F 2 =re,,(F,+F 2 ) ■ 

where, F, and F 2 are the volumes of two solutions and is the 
resultant osmotic pressure. 

Case II: Let n^ and H 2 are the number of moles of two 
different solutes present in F, and V 2 volumes respectively. 
Osmotic pressure of the mixture can be calculated as, 

_^ 


+re 2 


(F,+F 2 ) (F,+F 2 ) 


nJjhllllUhluT 

(L,+F 2 ) 

Here, 1, and L are van’t Hoff factor for the two solutes. 


Thus, the equation PV = nST becomes: 

PV' = ^.ST 

Wd X S xT 

or rrio - 

^ pr 

Knowing the value of P experimentally, the value of , L e ., 
molecular mass of the solute can be determined. 

Consider two solutions I and II having b, and B 2 moles of the 
solute in F, and V 2 litres of solution respectively. Let P, and P 2 
be their osmotic pressures at the same temperature {T ). 

From the equation PV = nST, 

For solution 1, P, F, = «, ST 


For solution II,. 


If both solutions are isotonic, i.e.,P, = P 2 , obviously. 


:: !!2Sf mSome Solved ExamplesM S!!: :; 

mmmma^^mmrnmmi^mmmmmmm^SSSSSSSSSSSSSSSSSSSSSSSSSSSMSSSSSSSI^^Smmmmi^^mm^immmmi^^ 

Example 49. 200 em^ of an aqueous solution contains 1.26 
g of a polymer. The osmotic pressure of such solution at 300 K is 
found to be 2.57 x ip”^ bar. Calculate the molar mass of the 
polymer. 

Solution : re F = —^ R T 


Vg RT 
— X — 


1.26 0.083 x 300 

-X--—— 

0.2 2.57x 10“^ 


= 61038 gmoL 


. Example 50. A solution is prepared by dissolving IMgof 
human serum albumin, a protein obtained from blood plasma, in 
50cm^ of aqueous solution. The solution has an osmotic pressure 
ofS.SSmmHgatinK: 

(a) What is molar mass of albumin? 

(b) What is height of water column placed in solution? 

d (H20)=lg cm^^ 

Solution: (a) Molar mass of albumin can be calculated 
using following relation: 

_waxpr 


W| //«, _ W2lm2 
__ __ 


Given, Wg = 1,08 g;P = 0.0821 litre atm K moL 


r=298K,re = 


5.85 „ 50 

-atm; F =-= 

760 1000 


■ 0.05 litre 


or 
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Substituting these values in eq. (i) 

_ 1.08x0.0821x298 
(5.85/ 760) X 0.05 ” 
(b) % = h-d-g 


68655 g/ mol 


^ X 101325=/zxlx 10'^ X 9.8 
760 

A = 7.958 X lO"* m = 7.958 X 10* cm 

: .Example 51. Calculate osmotic pressure of 5% solution of 
cane sugar (sucrose) at 15‘’C. 

Solution: m= mol. mass of sucrose(C,2H220ii) = 342 
w = 5g, F = lOOmL = 0.1 litre 

5 = 0.082, r = {15 + 273)=288K 
w 

Applying the equation PV = — ST, 

m 

p = ^x — x 0.082x288 
342 0.1 

= 3.453 atm 

Example 52. The solution containing 10 g of an organic 
compound per litre showed an osmotic pressure of 1.18 
atmosphere at 0®C Calculate the molecular mass of the 
compound (S = 0.0821 litre atm per degree per mol ). 

Solution: Applying the equation, 

w 


m- 


PV 


■ST 


Given, w=10 g, P = i.l 8 atm, V=\ litre, 5 = 0.0821 and 
r = 273K. 

10 


m-- 


■X 0.0821x273 = 189.94 


1.18x1 

Example 53. The - osmotic pressure of a solution 
containing 30 g of a substance in 1 litre solution at 2Q°C is 3.2 
atmosphere. Calculate the value of 5. The molecular mass of. 
solute is 228. 

Solution: Applying the equation, 

w 


or 


py 
5 = 


ST 
m 

mxPxV 

wxT 


Given, m = 228, P = 


3.2atm, F = llitre, w=30g and 
r = 20+273 = 293K. 

5 _ 228x3.2x1 
30x293 

= 0.083 litre atm per degree per mol 

Example 54. What is the volume of solution containing Ig 
mole of sugar that will give rise to an osmotic pressure of 
Vatmosphere at Q°C? 

Solution: Applying the equation PV = n-ST, 

V — f_x S xT 
P 

Given, n = 1,F = latm, 5 = 0.0821and T = 273K 


X 0.0821x273 = 22.4 litre 


Example 55, Find the osmotic pressure of M/20 solution 
of urea at 2TC (5 = 0.0821 lit amK'^ mol "' ). 

Solution: Applying the equation PV = n ■ ST, 

P = --ST 


or 

Given, 


P - Molarity xS xT 


molarity = — = 0.05,5 = 0.0821 and F = 27 + 273 = 300 K 
20 

Substituting values, 

P = 0.05 X 0.0821X 300 = 1.2315 atm 

Example 56. The osmotic pressure of a solution of an 
organic substance containing \%gin one litre of solution at 293 K 
is 2.414 X 10^ Nm~^. Find the molecular mass of the substance if 
S = %.2JK^^ permol . 

Solution: Applying the equation, 

■ ■ W ' ’ ' 

_ py = Z.ST 


or 


m- 


Given, P = 2.414x10® Nm’ 


m 
w 

"pv 

,F = 1 . 01 it = 


■ST 


1x10"^ m^ 


5 = 8.3JK 


-1 


m = - 


per mol, w= 18 gand T = 293 K 
18 


■X 8,3x293 = 181.33 


2.414x10^x1x10" 

Example 57. A 5% solution of cane sugar is isotonic with 
O.^lTVo solution of urea. Calculate the molecular mass of urea if 
the molecular mass of cane sugar is 342. 

Solution: Let the molecular mass of urea be m^. 

w, 5 


Molar concentration of sugar: 


m, xV< 


and Molar concentration of urea = ■ 


w. 


For isotonic solutions. 


ffJiF, 


342x0.1 


m. 


342 x 0.1 
0.877 
mi xVi m2 X 0.1 


^2 

m,F, 

0.877 

mj X 0.1 

0.877x342 


= 59.987 


mmnm of omcrm obestiohs 

32. ^ Find out the osmotic pressure of 0.25 M aqueous solution of 
urea at 27°C (R = 0.082 litre atm K"' mol"',R= 1.987 cal 

K"'mor‘). |CET (Gujarat) 2008) 

(a) 6.15 atm (b) 0.615 atm (c) 0.0615 atm (d) 61.5 atm 
[Ans. (a)] 



Solutions 


zmi^ 


[Hint: % = CRT 

= 0.25x0.0821 x300 
= 6.157 atm] 

33. Two solutions of glucose have osmotic pressures 1.5 and 2.5 
atm. 1 litre of first solution is mixed with 2 litre of second 
solution. The osmotic pressure of the resultant solution will 
be; 

(a) 1.62 atm (b) 6.12 atm (c) 1.26 atm (d) 2.16 atm 
[Ans. (d)] 

[Hint; %^V^ + TijV^ = + Fj) 


1.5x 1 + 2.5 X 2 = 7C^ X 3 

Jt^ =^ = 2.16 atm] 

34. 18 g glucose and 6 g mea are dissolved in 1 litre aqueous 

solution at 27°C. The osmotic pressure of the solution will 
be: 

(a) 3.826 atm (b) 4.926 atm 

(c) 2.92 atm (d) 9.42 atm 

[Ans. (b)] 

pHinf: riF = (n, + n^)RT 


7lF=j 

_ 

2^1 



W 2 J 

V 1 

^ 18 

6' 

It X 1 = 

— + 



0 

00 

60, 


RT 

1x0.0821x 300 


37. 


The temperature at which 10% aqueous solution 



of 


glucose will exhibit the osmotic pressure of 16.4 atm, is : 

{R = 0.082 dm^ atm K"' moF') ip^x (Kerala) 2008] 
(a)360”C (b)180K (c)90K (d)300K 

(e) 360 K 
[Ans. (e)] 

[Hint: JtF =nRT 

W 

■kV =~RT 


16.4 X 



= — X 0.082 X T 
180 

= 360K] 


5.16 REVERSE OSMOSIS 


When a solution is separated from pure water by a 
senupermeable membrane, water moves towards the solution on 
account of osmosis. This process continues till osmotic pressure 
becomes equal to hydrostatic pressure or osmosis can be stopped 
by applying external pressure equal to osmotic pressure on 
solution. If external pressure greater than osmotic pressure is 
applied, the flow of solvent molecules can be made to proceed 
from solution towards pure solvent, i. a, in reverse direction of 
the ordinary osmosis. This type of osmosis is termed reverse 
osmosis. Reverse osmosis is used for the desalination of sea 
water for getting firesh drinking water. 


n= 4.926 atm] 

35. A solution containing 10 g per dm^ of urea (m.w. = 60) is 
isotonic with a 5% solution of a non-volatile solute. The 
molecular mass of this non-volatile solute is; 

[CBSE (Medical) 2006] 
(a) 250 g moF* (b) 300 g moF* 

(c)350gmoF* ' (d)200gmoF' 

[Ans. (b)] 

[Hint: n | (urea) = jt 2 (unknown solute) 


CI (urea) = C 2 (unknown solute) 


Wg X 1000 


Wg X 1000 

mg xV 

urea 

. mgXV 


J unknown solute 


36. 


10 X 1000 ._ 5x1000 
60 X 1000 TKg X 100 


mg=300gmoF'] 

The osmotic pressure of a solution at 0°C is 4 atm. What will 
be its osmotic pressure at 546 K under similar conditions? 
(a) 4 atm (b) 2 atm (c) 8 atm (d) 1 atm 
[Ans. (c)] 


IHint: 


Ttj CRT2 

"El = H 

JCj T2 
4 _273 
rc2 546 


Ttj = 8 atm] 


5.17 ABNORMALCOLLIGATIVE 
PROPERTIES 

The colligative properties of solutions depend on the number of 
solute particles present in solution. Various relations derived for 
colligative properties hold good in dilute solutions only when 
there is no change in molecular state of solute.-In case, the total 
number of particles of the solute changes in- solution, the 
colligative property shall also change accordingly. The number of 
particles in solution may change in two ways: 

(i) By dissociation: When the substance is an electrolyte, 
i. e., the substance undergoes ionisation and number of particles 
increases in solution, the ions act as particles. The number of 
particles, thus, increases on ionisation and the value of colligative 
property increases accordingly. 

(ii) By association: When the substance undergoes 
association, i. e., two or more molecules of the solute associate to 
form a single giant particle, the number of particles decreases and 
consequently the value of colligative property decreases. Thus, 

Normal value of colligative property 

oc No. of particles of solute taken 

Abnormal value of colligative property 

No. of particles of solute after 
ionisation or association 
Abnormal colligative property 

Thus, the ratio,---, may have the 

Normal colligative property 

value either more than 1 or less than 1, The ratio is termed van’t 
Hoff factor which is represented by ‘ i Thus, 
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Table 5.6 Illustrations of van’t Hoff Factor ‘i’ for Different Solutes 


Example 

Ionisation or association 

IM 


Urea, sucrose, glucose 

■ — 

1 

1 

NaCl, KCl 

AB . - .4+ + 5 - 

2 

1 + a 

CH 3 COOH, etc. 

1 - a a a 



CaCL, BaCl 2 

AB2 1 - A'^* + 25-^ 

3 

1 + 2 a 

H 2 S 04 ,K 2 [Pta 6 ] 

1 - a a 2a 




A^B^^IA* + B^- 

3 

1 + 2 a 


1 - a 2a ' a • 



AlCL, K 3 [Fe(CN) 3 ] 

AB^ A^^ + 35' 

4 

1 + 3a 

FeClj, K 3 PO 4 

1-0 a 3a 




A^B 3 A* + ■ 

4 

1 + 3a 


1 - a 3a ■ a 



Benzoic acid forming 

nA An 



r / iN 

dimer in benzene 

t ct 

1 - a — 



1 - 1 -- 0 



n 


L V «y 

One mole of solute 

AB„^i A* *> + («- 1) B- 

n 

[1 + (n - l)a 

[giving n ions in the 

1 - a a (n - l)a 



solution 





S. 

No. 


Solute type 


Abnormal 
molecular mass 


5. 


Non-electrolyte 

Binary electrolyte 
,45 type 

Ternary electrolyte 
AB 2 type or A 2 B 
type 


Quaternary 
electrolyte AB^ or 
A^B type 


Association of 
solute 


peneral etetrolyte 


lAB, 


n- 1 


'"normal 

^normal 

1 + a 

^normal 

1 + 2oc 
1 2ot 

formal 

1+ 3a 

^m?nDal 

1 + 3a 


, (, 1 

11—I a 

V nj 

^normal 

[l+(n-l)a] 


_ (Ap)ote. 

■^normal i^P) normal 

_ )obs. _ )obs. 

)noniial Inwinal 

_ Actual no. of particles in solution 
No. of particles taken 

(i) Suppose one molecule of an electrolyte gives ‘ n' ions on 
<'iissociation and ‘a’ is its degree of ionisation. Obviously, 

Number of ions produced = na 
and Number of unionised molecules = 1 - a 

Total number of particles in solution = 1 — a + «a 

= l + (n-l)a 

Thus, 

rrr i t-, l+(«-l)a , _ 

van t Hon factor i = --> 1 if «is 2 or more 

1 

and a =- 

n — 1 


(ii) Suppose ‘n' molecules associate to form one giant 
molecule and ‘a’ is the degree of association; then . 

nA V (A )„ 


0-a) 


a/II 


Total number of particles in solution = l- a+ a/ « 

1 


= l-l-|-- 


1 a 


Thus, vati’t Hoff factor ‘ i ’ =-^— < 1 if «is 2 or more 


1 - i 

a =- 

1 - l/« 


As, Golligative property «-- 

mol. mass 

Observed colligative property Normal mol. mass 

So, -^-=- 

Normal colligative property Observed mol. mass 

Normal mol. mass 

Thus, t = -:- 

Observed mol. mass 

In case of dissociation. 

Normal mol. mass , , ,, 

1 = -= l+(«-l)a>l 

Observed mol. mass 

Observed mol. mass will always be less than normal mol. mass. 
In case of association. 

Normal mol. mass , T1 

i = -= 1 + — 1 a < 1 

Observed mol. mass vn y 

Observed mol. mass will always be hi^er than normal mol. mass. 

Relatio.n between osmotic pressure and vapour pressure 

Let an aqueous dilute solution filled in a capillary tube is 
closed at one end by a semipermeable membrane. The tube is 
placed in pure solvent (water). Entire apparatus is closed by a 
belljar. At osmotic equilibriiun, the belljar is saturated with water 
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vapour. At equilibrium osmotic pressure (rt) becomes equal to 
hydrostatic pressure. 

% = hxd ... (i) 

where ‘/i’ is height in the column, 7t is osmotic pressure. 

Let, Pq - Vapour pressure of pure solvent 
p = Vapour pressure of solution 



Fig. 5.16 


Pressure at level - p^. Pressure at level L^- P- Pressure at 
L, will be greater than pressure at ■ Then 

PQ-p=hD ,..(ii) 

where ‘D’ is density of solvent vapour at pressure pQ. 

Dividing eq. (i) by eq. (ii), we have, 

Tt _hd _d 
Po-P D 

at a fixed temperature dID is constant. 

.■. 71 = constant { Pq ~ p) ... (iii) 

i.e., 7 l«:( Po - p)or Ap - (iv) 

Thus, osmotic pressure is directly proportional to the lowering 
of vapour pressure. 

Welmowthat, PqV = nRT 

W 

PqV=’~RT 
® M 

i.e., poM = ^RT = DRT 

RTD 


.(V) 


Dividing eq. (iii) by eq. (v), we get 
Po- P D 


Po 


M 

TtX —X- 

d RTD 


Po 


= 7t- 


M 

dRT 

M 


At a fixed temperature, 7 t and -is constant 


Thus, 


Po 


dRT 

-Tt,i.e., osmotic pressure is proportional to 


relative lowering of vapour pressure. 


Partial pressure of immiscible liquids 

Let ‘A' and 'B' be the two volatile and immiscible liquids; p^ 
and Pa be the partial pressures of ‘A’ and ‘5’ respectively. 

Then, £±=’1± 

Pb »b 

where, M^ and Mg are molar concentrations of ’’A’ and ‘5’ 
respectively. 

Pa _ WJm^ 

Pb 

where, and IVg are weights of‘,4’ and ‘5’, and mg are 
molecular weights of‘A' and ‘ B’ respectively. 

Example 58. Phenol associates in benzene to a certain 
extent for a dimer. A solution containing 20 x 10”^ kg ofphenol in 
1.0 kg of benzene has its freezing point decreased by 0.69 K. 
Calculate the fraction of the phenol that has dimerised {Kj- of 
benzene is 5. \2°Kkg mol ~^). 


Solution; Observed mol. mass 

1000 xlTy X w 
WxtsT 

_ 1000x5.12x20x10^^ 
1x0.69 


148.4 


Normal mol. mass of phenol (CgH 50 H) = 94 
Normal mol. mass _ 94 
Observed mol. mass 148.4 

94 _ ^ g 
148.4 “ 2 


or g = 0.733 or 73.3% 

Example 59. The freezing point depression of 0.001 m 
K ^[Fe(CN)^]is 7.10x 10^^ K. Determine the value ofx Given, 
Kj- =1.86 K kg moC' for water. 

Solution: Axpix Kj xm 

7.10x10”^ =1x1.86x0.001 


1 = 3.817 

i -1 

g =- 

n -1 

3.817-1 . 

(x + l)-l 

x = 2.817 = 3 

.’. Molecular formula of the compound is K 3 [Fe(CN) g ]. 

M 

Example 60. A — solution of potassium ferrocyanide is 
46% dissociated at 18°C. What will be its osmotic pressure? 
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Solution: Noniial osmotic pressure 


xSxT 


m 


mxV 

(when no dissociation has taken place) 
^0.1,F= nitre, 5 = 0.0821,7= 18+ 273 = 291 

0.1 


Normal osmotic pressure “ ^ 0.0821 x 291 = 2.389 atm 

Potassium ferrocyanide is an electrolyte. It dissociates as: 


K^FeCCN)^ : 

(I-a) 


+[Fe(CN) 6 r 

4a 


Total number of particles = l- a + 4a+a = l + 4a 
a = 0.46; so, 1 + 4a = 1+ 4 x 0.46 = 2.84 
Observed osmotic pressure _ 2.84 
Normal osmotic pressure 1 

Observed osmotic pressure = 2.84 x 2.389 

= 6.785 atm 

Example 61, A 0.5% aqueous solution of KCl was found 
to freeze at - 0.24° C. Calculate the van 1 Hoff factor and degree 
of dissociation of the solute at this concentration {K^ for water 
= \.%()Kkgmor ^). 


Solution: Observed mol. mass of KCl ^ 


lOOOxKj X w 


Given, Kf = 1 . 86 Kkgmor 


A7 X W 
:0.5g,r = 100g, AT = 0.24 


So, 


... 1000x1.86x0.5 

Observed mol. mas of KCl =-= 38.75 


0.24 X 100 

Normal mol. mass of KCl = 39 + 35.5 = 74.5 

Normal mol. mass 


van’t Hoff factor = - 


Observed mol. mass 
74.5 


KCl 

(l-a) 


-K^ 

a 


1.92 

38.75 

+ Cr (a is the degree of ionisation) 


Total number of particles = l- a+ a+ a = l + a 
i = 1 + a 
1.92=l + a 

So, a = 1.92-1 = 0.92 

i.e., 92% dissociated. 

Example 62. The freezing point of a solution containing 
0.2 g of acetic acid in 20 g of benzene is lowered by 0.45°C 
Calculate the degree of association of acetic acid in benzene {Kj- 
for benzene isS.MK kg mol “*). (HT1994) 

Solution: Let the observed molecular mass of acetic acid be 


^^obs • 


®obs. 


1000 X KfXw 


1000x5.12x0.2 


Before association 
After association 


20x0.45 

Normal molecular mass of acetic acid 
2CH3C00H^ 

(l-a) 


113.78 
60 


(CH3C00H)2 

0 

a/2 


van’t Hoff factor: 


Normal mol. mass 
Obs. mol. mass 

l-a +a /2 


1 


60 


or 


113.78 

a- 


:l-« 

- 2 
0.945 


or 94.5% associated. 


38. 


0.002 molar solution of NaCl having degree of dissociation of 
90% at 27°C has osmotic pressure equal to: 

(a) 0.94 bar (b) 9.4 bar 

(c) 0.094 bar (d) 9.4 x lO"” bar 

[Ans. (c)] 

7-1 


[Hint: 


a- 


0.9 ■ 


1 


7.9 


39. 


n = iCRT 

= 1.9 x 0.002 x 0.082 x 300 
■ = 0,094 bar] 

A 0.2 molal solution of KCl freezes at - 0.68°C. If Kj- for 
H 2 O is 1.86, the degree of dissociation of KCl is: 

(a) 75% (b) 83% (c) 65% (d) 92% 

[Ans. (b)] 

[Hint: AT = 

0.68 = 1x1.86x0.2 
1 = 1.83 
1-1 


■■ixKj-xm 


a-- 


n-l 

1.83-1 

2-1 


= 0.83 


40. 


Ionization = 83%] 

A certain substance 'A’ tetramerises in water to the extent of 
80%. A solution of 2.5 g of 7 in 100 g of water lowers the 
freezing point by 0.3°C. The molar mass of 7 is: 


(a) 122 
[Ans. (d)] 

Pint: 


(b)31 


(c) 244 


(d)62 


a = 


0.8 = 


1 - i 

n 

1-i 


= 0.4 


1 -- 


WxAT 




Solutions 


351 



Mg = 62] 

41. van’t Hoff factor of Hg 2 Cl 2 in its aqueous solution will be 
(Hg 2 Cl 2 is 80% ionized in the solution): 

(a) 1.6 (b)2.6 (c)3.6 (d)4.6 

[Ans. (b)] 

[Hint: HgjClj + 2C1-' 

« = 3 



i = 2 . 6 ] 

42. 0.1 A/ aqueous solution of MgCl 2 at 300 K is 4.92 atm. What 
will be the percentage ionization of the salt? 

(a) 49% ' (b)29% (c)39% (d)69% 

[Ans. (a)] 

[Hint: n = iCRT 


4.92 = i x0.1x0;0821x300 
! = 1.99 


1 99 _ 1 0 99 

= . : .! =.!1tZ = o.49 

3-1 2 

Percentage ionization = 49%] 

43. Which of the following solutions will exhibit highest boiling 
point? (KCET 2006) 

(a) 0 . 01 MNa 2 S 04 (b) 0 . 01 MKN 03 

(c) 0.015 Af urea (d) 0.015 M glucose 

lAns. (a)] 

[Hint: AT = i x kg x m 

ixm of Na 2 S 04 is highest, hence its boiling point will also be 
highest. 

Na 2 S 04 I xm = 3x0.01 = 0.03 

KNOj ixm = 2x 0.01 = 0.02 
Urea / x m = 1 x 0.015 = 0.015 

Glucose ixm = 1x0.015 = 0.015] 
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Miscellaneous Numerical Examples 




Example 1. Calculate the freezing point of an aqueous 
solution of a non-electrolyte having an osmotic pressure of 2.0 
atmosphere at BOOK 

(Ky^ = L86Klcg mol^' ,R = 0.821litre-atmK~^ mol~^) 

(IIT1993) 


or. 


Solution: We know that, 

p=cxr 
^ P 2 


RT 0.0821x300 


■ mol lit 


cm 


In dilute solution, the density of water can be taken as 1.0 g 

3 


Hence, 


0.0821x300 


mol lit 


-1 


0.0821x300 


mol kg“' 


Solution: 


APtheo. = Lowering in vapour pressure when there is no 
dissociation 

wlid 

= Po^ (given, pQ = 760mm, w = 14g, 
Wm 

)r = 200 g,M = 18,m=164) 


760x14x18 

200x164 


= 5.84 mm 


70 

Degree of dissociation = — = 0.7 
100 


Ca(N03)2 


-Ca" + 2 NO 3 

(«= 3 ) 


Let AF be the depression in freezing point. 

AT= Kf X molality 

= 1.86x- - -= 0.151 K 

0.0821x300 

Freezing point = (273 - 0.151) = 272.749 K or - 0.151° C 

Example. 2. Calculate the amount ofNaCl which must be 
added to lOOg water so that freezing point is depressed by 2K. 
For water, Kj-=1.86 K kg mol . 

Solution: NaCl is a strong electrolyte. It is completely 
dissociated in solution. 

Depee of dissociation, a = 1 

NaCI^^Na-"+Cr 

in = 2) 

No. of particles after dissociation = 1 + (« - 1) a 


^Pobs P^eles after dissociation 

APtheo. No. of particles when there is no dissociation 

_ l + («-l)a _ l+(3-l)xa7 _^^ , 

1 "" 1 
So, A/7„bs. = 2.4 X Ap,heo, = 2.4 x 5.84 
= 14.02 mm 

Pq-Ps= APobs. = 14.02 

1 ?^ = Po-14.02 = 760-14.02= 745.98 mm 

Example 4. Calculate the osmotic pressure of solution 
obtained by mixing 100 ml of 3.A% solution of urea {molecular 
mas's = 60)and l00mLofl.6%solution of cane sugar {molecular 
• mass = 342) at 20°C. 

Solution: No. of moles of urea = = 0.0567 

60 


AF 


obs. 


= l+( 2 -l)xl = 2 
No. of particles after dissociation 
ALiheo No. of particles when there is no dissociation 

=2 


AFflieo. 

ot ' = 1 

Let wg of NaCl be dissolved in 100 g of water. 
lOOOxIT^xw 


So, 


A2’iheo. 


W X m 


_ AF,i,go xW X m _lx 100 x 58.5 
W- JQQQX Ky lOOOx 1.86 

= 3.145 g' 



Example 3. The degree of dissociation of Ca{NO^ )2 in a 
dilute solution containing 14 g of the salt per 200 g of water at 
100°C is 70%. If the vapour pressure of water is 760 mm, 
calculate the vapour pressure of solution. (IIT 1991) 


No. of moles of cane sugar = = 0,0047 

342 

Total number of moles = (0.0567 + 0.0047) = 0.0614 

Total volume of solution = (100 +100) = 200 tnL 
= 0.2 litre, ■ 

PV = (Total number of moles)'X.S x F 
0 0614 ■ ' 

P = X 0.0821 X 293 = 7.385 atm 

0,2 

Example 5. Calculate the normal boiling point ofa sample 
of sea water found to contain 3.5%ofNaCland0.l3%ofMgCl2 by 
mass. The normal boiling point of water is \Q0°C and Ki, {water) 
= 0.51 If % mol . Assume that both the salts are completely 
ionised. 

Solution: Mass of NaCl = 3.5 g 
No. of moles of NaCl = 

58.5 
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Number of ions furnished by one molecule of NaCl is 2: 

So, actual numb&r of moles of particles furnished by 

3.5 

sodium chloride = 2 x- 

58.5 

Similarly, actual number of moles of particles furnished by 
0.13 


magnesium chloride = 3 x 


95 


3 5 0 13 

Total number of moles of particles = I 2 x —^— + 3 x —^— 

' 58.5 95 


^0.1238 


Mass of water = (100- 3.5- 0.13) = 96.37 g = 


96.37 

1000 


kg 


0193R ' 

Molality = x 1000 = 1.2846 

96.37 

ATj, = Molality x 

= 1.2846x0.51= 0.655 K 

Hence, boiling point of sea water = 373.655 K or 100.655°C. 
Example 6. A solution of a non-volatile solute in water 
has a boiling point of 3153 K. Calculate the vapour pressure of 
water above this solution at 33SK. Given, p^ (water) = 0.2467 
atm at 33%K and Ki, for water-Q.52. 

Solution: AT), = (375.3-373.15) = 2.15 K 
We know that, 

AT), = Molality x 
2.15= Molality X 0.52 

Molality =-^=4.135 
0.52 

I. e., 4.135 moles of the solute present in 1000 g of water (55.5 
moles). 

55 5 55 5 

Mole fraction of water =-= ——^— 

4.135 + 55.5 59.635 

Vapour pressure of water above solution 

= Mole fraction x Pq 


55.5 


x 0.2467 = 0.23 atm 


59.635 

* t Example 7. Sea water is 3.5% by mass, of a salt and has a 
density 1.04 g at 293 K. Assuming the salt to be sodium 
chloride, calculate the osmotic pressure of sea water. Assume 
complete ionisation of the salt. 

Solution: Mass of NaCl = 3.5 g 

3 5 

No. of moles =- 

58.5 

Actual number of moles of particles of solute in solution 
_ 2x3.5 
58.5 


Volume of solution 


100 


7t = 


1.04x1000 
2x 3.5 1.04x 1000 


litre 


X 0082 lx 293 = 29.93 atm 


58,5 100 

'll. Example 8 - Molality of a solution in aqueous medium is 
0.8 . Calculate its mole fraction and the percentage by mass of 
solute if molar mass of solute is bQ. 

I^lution: We know that, 

B X 1000 

m = —-— - ... (i) 


where, Xg = mole fraction of solute 
m^ = molar mass of solvent 


0.8 = 


Xg X 1000 


Letw 


B 


(1-X5)x18 
Xg = 0.014 
100 g 


m = 


0 . 8 : 


Wg XlOOO 
mg X 
XX 1000 


60x100 
x=4.8% 

; Example 9. Calculate the boiling point of a solution 
containing 0.61 g of benzoic acid in 50 g of CSjU) assuming 
84% dimerisation of the acid. The boiling point and Kg ofCSi 
are 462° C and 2.3 K kg moF^ respectively. 

Solution: AT = ixKgX Molality 

wxlOOO 


(nT1997) 


a 


0.84 = 


ixKgX- 


I -i 
I- 1/ n 
l-i 


mxW 


1 - 1/2 
z = Q58 

AT = 0,58 X 2.3 x — ^ = 0.1334 

122x50 

r-To =0.1334 

r = To + 0.1334 = 46.2 + 0.1334 = 46.3334 
Example 10. A very small amount of a non-volatile solute 
(that does not dissociate) is dissolved in 56.8 of benzene 
(density 0.889 g ).At room temperature, vapour pressure of 

this solution is 98.8 mm Hg while that of benzene is 100 mm Hg. 
Find the molality of the solution. If the freezing temperature of 
this solution is 0.73 degree lower than.that of benzene, what is the 
value of molal freezing point depression constant of benzene? 

(im99¥) 

Solution: ^ 


T’o 

100-98.8 


■■X- 


X, 


100 
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Molality 


= 0.012 

xlOOO 

)mg 


0.012x1000 

0.988x78 


= 0.1557 


Ar=.«:y^ X Molality 
0.73= .^Ty^x 0.1557 
A:^=4.688 * 

ffifeJItiinph' 11* The solution of a non-volatile solute in water 
freezes at - 0.30® C. The vapour pressure ofpure water at 29% K 
is 23.51 mm Hg and Kj for water is 1.86 degree/molal. 
Calculate the vapour pressure of this solution at 298 K. 

(IIT1998) 

Af=ICy-x Molality 

0.3 = 1.86 X Molality 
Molality = 0.161 

X 1000 

Molality = -— - --- 


Solution: 


(1 — )x 


^ 0.00289 


XlOOO 

(1-Z^)18 
X. =0.00289 

Po. 

23.51-/?, 

23.51 

/?, = 23.442 mm 

Example 12. xg of a non-electrolytic compound (molar 
mass = 200)m i/isso/verf in 1.0 litre of 0.05 MNaCl solution. The 
osmotic pressure of this solution is found to be 4.92 atm at 21° C. 
Calculate the value of‘xf .Assume complete dissociation of NaCl 
and ideal behaviour of this solution. (IIT 1998) 

Solution: 

(i) For NaCl: n = iCRT = 2x 0.05 x 0.0821 x 300 

= 2.463 atm 

(ii) For unknown compound: 

X 


n = CRT 


200 


X 0.0821 X 300 = 0.1231 X atm 


Total osmotic pressure n = n, +n 2 

4.92 = 2.463 + 0.1231X 
x= 19.959 g 

ii lSEi«mple' 13. The freezing point of a solution containit^ 
SOcrn^ of ethylene glycol in 50g of water is found to be -54° C. 
Assuming ideal behaviour, calculate the density of ethylene glytiol 
( Kf for water= 1.86 Ag mol ). 

wxlOOO 


Solution: 


AT=KfX- 


34 = 1.86 X 


mxW 

wxlOOO 

62x50 


» = 56.66 g 
w 


F = - 


50^ 


d 

56.66 


J = 1.13g/cm. 

®siifexample 14. A 1 .2% solution of NaCl is isotonic with 
1.2% solution of glucose. Calculate the van’t Hofffactor of NaCl. 

(MLNR 1997) 

Solution: NaQ glucose 

^(NaCI) “ ^(glucose) 

iC^RT = C^RT 


iC, 
.('l2/5a5 


7.2/180 
V 

7.2x58.5 

1.2x180 


a .95 


^Pelillimple 15. 1.4 g of acetone dissolved in 100 g of 
benzene gave a solution which freezes at 277.12 Pure benzene 

freezes at 21%.4 K. 2.% g of solid (A) dissolved in V^gofbenzene 
gave a solution which froze at 277.76 K. Calculate the molecular 
mass of (A). (11X2000) 

Solution: We know that, 

^ mxW 

where, Af = Depression in freezing point 

Kf = Molal depression constant of benzene 
w = Mass of solute 
m = Molecular mass of solute 
W' = Mass of solvent 

1.4x1000 


Case I: (278.4 - 277.12) =KfX 
1.28= Kf X 
Case n: (278.4 - 277.76) =KfX 


0.64= K 


58x100 

14 

58 

2.8xl0(K) 

X100 

28 


/ 


m, 


...( 1 ) 


...( 2 ) 


(A) 


Dividing eq. (1) by eq. (2), we get 
m^^y = 232 

S&JiMOtple 16. To 500 cm* of water, 3.0 x 10”^ kg of acetic 
acid is added. If 25% of acetic acid is dissociated, what will be the 
depression in freezing point? Kf and density of water are 1.86 AT 
kg mol and 0.997 g cm~^ respectively. (IIT 200 O) 

Solutioii: Mass of solute = 3.0 x 10“^ kg = 3.0 g 
Molecular mass of solute = 60 




Solutions 


Mass of solvent = 500 x 0.997 = 498.5 g 
We know tfiat, 

Degree of dissociation (a) = 


j = 1.23 

AT = ixK f X molality 


1.23xl.86x 


3x1000 
60 x 498.5' 


i.e., depression in freezing point = 0.229 

: Example 17. Osmotic ptvssure of a solution is 1.3 atm. The 
density of solution w 1.1 g/cm ^. Calculate osmotic rise. 

atm = 16cm Hg, t/^g = 13.6g/cm^) 


Solution: 


7t = hdg 


■•'■"'■‘'‘''™”t^3'X'76x-t3';6'X f ;■' • ... • 

■ 1.3x76x13.6 

. h = -—cm 

1.1 

= 1221 cm 

Example 18. (a) 10^ of a certain non-volatile solute were 
dissolved in 1(X) g water at 20°C. The vapour pressure was 
lowered from 17.3555 mm to 17.2350 mm; calculate the m.wt. of 
the solute. 

(b) The vapour pressure of pure water at 25°C is 23.62 mm. 
What will be the vapour pressure ofa solution of 1.5g urea in 50g 
of water? (UTlOOl) 

Solution: (a) We know that, ——— = — 

P mg xw^ 

17.3555-17.2350 _ 10x18 
17.2350 ~ mg X 100 


P = Po 


P=Po 


"a 


m„ = 258.5 


23.62 X—%- 
50^ 1.5 

Ts 


/? = 23.41 mm Hg 

ii' 19. Match the boiling point with K g for x, y and 

z if molecular weight ofx,y and z are same : 

b.pt. Kg 

X 100 0.68 

y 21 0.53 

z 253 0.98 ” (IIT2003) 


Solution: Molal elevation constant may be calculated as, 

RTq (where, Tq = boiling point of pure solvent 
~ 1000 ly ^ - latent heat of vaporization 

pergram 

- ^Ly -; 


1000 

mg 

1000 


mg (here, AHy = molar latent heat of 
vaporization 

mg = molar mass of solute) 
iHy Sff 

Since, =- — 

To 

iSy here, ASy = entropy of vaporization 


By considering as almost constant, KgocTg. 

Kg(x) = 0.6%i Kgiy)=0.53 and .fi:*(z) = 0.98 

ife Example 20. 1.22g CgHgCOOH is added into two 
solvents and data of ATg and Kg are given as: 

(a) In lOOgCH^COCH ^; AF* = 0.17; = 1.7% kelvin/mol 

(Sy in lOOgbenzeke; ' "ATg = 0.13;ItA = 2.6kg kelvin/ mol 

Find out the molecular weight of CgHgCOOH in both cares. 
and interpret the result. (IIT 2004) 

..r, ^ n^oX 1000 

Solution: (a) AT-KgX-S. - 

mg xw^ 

0.17=1.7x1:^^^^^ 
mg X 100 

mg = 122 

(normal molecular mass of baizoic acid) 

(b) xiooo 

mg X Wj 

2.6x1.22x1000 


0.13 = - 


mo X 100 


(Abnormally double molecular mass of benzoic acid, it shows 
association of benzoic acid in baizene.) 


f*yExample 21. How much C^HgOH should be added to 
1 litre H 2 P so that it will not freeze at - 2(PC? 

Kj^=i .86° C / m (BCECE 2006) 

Solution: Massofl litre water = 1000 g 

. _ „ M's X 1000 

AT = K.x— - 

^ mg XWJ^ 

xlOOO 


20 = 1.86 X -2 - 

46x1000 

Wg = 494.6 g 

' Example 22. Depression in freezing point of 0.1 molal 
solution of HF is - 0.201 °C. Calculate percentage degree of 
dissociation of HF, (Kf =1.%6K kg moF *) 

[AIPMT (Mains) 2008] 
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lifllytiflfl} We know 

AT =ixkf xm 
0.201 = 1 x 1 . 86 x 0.1 
1 = 1.0806 

The degree of dissociation HF may be calculated as. 

i-1 1.0806-T . 

on =-= --= 0.0806 

«-l 2-1 

Percentage dissociation = a x 100 = 0.0806 x 100 
= 8.06 

c Example 23. There is KI and sucrose solution with QA M 
coh jntration, if the osmotic pressure of KI and sucrose solution 
is 0.465 atm and 0.245 atm respectively. Then find the van't Hoff, 
factor of KI and its degree of dissociation. ifMl*MT(p[»lBsT2W®l 
idiytidti: For KI 

%=iCRT 

0.465 = ix 0.1 xi?r ...(i) 


For Sucrose 


% = CRT 
0.245 =0.1xi?r 


Dividing eq, (i) by (ii) 

0.465 


We know, 


1.897- 1 
2 - 1 


= 0.897 

.". Percentage ionization = 0.897 x 100 
. =89.7 

, Example 24. 102% solution of glycerine and 2% solution 
of glucose are isotonic. Molecular mass of glucose is 180 then 
find out the molecular mass of glycerine. piatiis) 2<Mi9] 

Sdiiitldll i 71 glycerine “ ^ ^ucose 


(glycerine) 

120 x1000 


(glucose) 

2x1000 


m^ycerine ^100 180 X 100 

^glycerine — 91.8 



li Sultltiotij It is a homogeneous mixture of two or more 
components whose concentration can be varied within certain 
limits. A solution containing only two components is termed a 
binary solution. One component is called the solute while other 
as solvent. The component having the same physical state as the 
solution is cailed the solvent. In solutions, in which the two 
components have the same physical state, the component present 
in larger proportion is termed the solvent and the other 
component is called solute, 

2. Solubillfyi A solution is said to be saturated when it 
contains as much solute as it can dissolve at a particular 
temperature in presence of the undissolved solute. A super¬ 
saturated solution contains more quantity and an unsaturated 
solution contains less quantity of the solute than a saturated 
solution. 

The amount of the solute in grams which can dissolve at a 
particular temperature in 100 grams of the solvent when the 
solution is saturated is termed solubility of the solute. 

3. Selubillty ©f a gas in a liquid: Gases which can be 
easily liquified are more soluble in common solvents. The gases 
which form ions in water are highly soluble in water. The 
solubility of a gas generally decreases with rise in temperature 
and increases witii increase in pressure. 

Mass of gas dissolved per unit volume of a solvent is directly 
proportional to the pressure of the gas at a given temperature. 
This is Henry’s law. 

m = KP (at constant temperature) 

where, mis the mass of gas dissolved per unit volume of solvent, 
P is pressure of the gas in equilibrium with the solution and K is 
proportionality constant. 


4. SalutjoiiS of iiqiiidS in liquids: Miscible liquids form 
three types of solutions which may be ideal or non-ideal solutions. 

Ideal solution is that in which the attractive forces among the 
solute and solvent molecules are of the same order as that of 
solute intramolecular and solvent intramolecular forces. The AH 
mixing and AV mixing in such solutions is zero. Ideal solutions 
obey Raoult’s law. 

The solutions in which solute-solvent interactions are 
different fi'om solute-solute and solvent-solvent interactions are 
called non-ideal solutions. The non-ideal solutions do not obey 
Raoult’s law for all concentrations. 

AHj^ Oand AF Oin these solutions. There are two types 
of deviations from the ideal behaviour. 

(i) If > 0 and tMl.^ > then non-ideal solutions 

show positive deviations. Such solutions form a constant boiling 
mixture of definite composition (azeotropic mixture) having 
boiling point less than either of both the liquids. In these 
solutions solvent-solvent and solute-solute interactions are 
stronger than solvent-solute interactions. Examples are: 
H 20 +CH 30 H;H 20 h-C 2 H 50 H; CgHg+CHjOH; 

CgHg + CCI4; (CH3)2 CO-h CgHg; (^3)200 +C2H5OH. 

(ii) If AF^ji,; < 0 and tsH.^ < 0, then non-ideal solutions 
show negative deviations. In these solutions, solvent-solvent and 
solute-solute interactions are weaker than solvent-solute 
interactions. Such solutions also form azeotropic mixture having 
boiling point higher than either of the two solvents. Examples 
are: 

H2O+HCI; H2O+HNO3; CHCI3+(013)2 CO; 

CHCI3 + CgHg, etc. 
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§, M$tbo4s flf g*prje§silfg the eon^eiitr^tion @f » #ol|i(htn; Some of the methods are given in the table. 



iSpiSnll 

Bbiniiiilte 

IMBitilnni 


1, Mass percentage 

% (W/W) 

Mass of solute 

-xlOO 

Mass of solution 

Number of parts by mass of solute per him- 
dred parts of the solution. 

No effect 

2. Gram per litre 

g/L 

Mass of solute in grams 

Volume of solution in litres " 

Amount of the solute in grams present in 
one litre of solution. 

Changes with change 
of temperature. 

.3, Parts per million 

ppm 

Mass of solute , .g 

---xlO 

Mass of solution 

Number of parts by mass of solute per 10^ 
parts of solution. 

No effect 

4, Molarity 

M 

Number of moles of solute 

Number of litres of solution 

Number of moles of solute per litre of solu¬ 
tion. 

Changes with change 
of temperature. 

§, Molality 

m 

Number of moles of solute 
Number of kilograms of the solvent 

Number of moles of solute present in 1 kg 
of the solvent. 

No effect 

6 , Normality 

N 

Number of gram equivalents of solute 

T- 

Number of litres of solution 

Number of gram equivalents of the solute 
present in one litre of the solution. 

Changes with change 
of temperature. 

7, Mole fraction 

X 

^A 

riA + rig 

Ratio of number of moles of one component 
to the total number of moles of solution. 

No effect 

18,. Formality 

F 

Number of formula mass 

Number of litres of solution 

Number of formula mass in grams present 
per litre of solution. 

Changes with change 
of temperature. 


law? The partial pressure of any volatile 
constituent of a solution at a constant temperature is equal to the 
vapour pressure of pure constituent multiplied by mole ftaction 
of that constituent in the solution. 

Pj = mole fraction of A x p^ = Pa 


In the case of binary solution of two volatile liquids, the total 
vapour pressure of such solution can be given as: 

Total vapour pressure of solution = p^ x X^ + p^ x Xg 


Mole fraction 
i. e., 

similarly, 


= Pa+ Pb 

of component A in vapour phase, 
j. _ Pa _ Pa^a 

P Pa^a'^ Pb ^b 

Y = ^B 

^ p\Xa+ pI Xg 


7. Ct 9 )lipitiy^ The properties of dilute 

solutions containing non-volatile solutes, which depend upon the 
number of solute particles in solution are called colligative 
properties. These properties do not depend upon the nature of 
solutes and solvents. The four colligative properties are; 

(i) Relative lowering in vapour pressure 

(ii) . Elevation in the boiling point 

(iii) Depression in the freezing point 

(iv) Osmotic pressure. 

All these properties are dependent on the concentration of 
solutes in solution. 

S^, ija ftm»m When a 

non-volatile solute is dissolved in a solvent, its vapour 
pressure decreases. ( po “ Ps) known as lowering in vapour 


pressure. 


Po - Ps 
Po 


is called relative lowering in vapour 


pressure. 

The relative lowering in vapour pressure of a solution 
containing non-volatile solute is equal to the mole fraction of the 
solute present in the solution. This is Raoult’s law. 
Mathematically, 

P.o~ Ps _Y _ « 

Po n + N 

Let w g of the solute (mol. mass = m) be dissolved in IL g of 
solvent (molecular mass = M). 

Po- Ps _ wlm 


Po 


wl m+WIM 


If the solution is very dilute wl m in denominator can be 
neglected. 


Po - Ps 


wl m 
W/M 


wM 

mW 


or 


Po 


Wj m 


'B 


Pq rr / m rnrr PO '"A 

^ The boiling point of a 

solution containing non-volatile solute is always higher than the 
boiling point of a pure solvent. The increase in boiling point is 
termed elevation and represented as AT;,. 


f, Molality of the solution 


or 


or 


AT, 

^Tf, =mxK^ 


AT. 


1000 xj<:^ X w 


(^ j is a molal elevation constant) 
lOOOxJifjXw^ 


or 


AT,=- 


Wxm " Wg xniji 

where, w = mass of solute; m = molecular mass of solute; 
W = mass of solvent 
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K. is equal to—2-. 

lOOOi 

where„5^ = boiling point of solvent in. absolute scale; 

L = latent heat of vaporization 
The units of /T* are K kg mol"*. 

10. Depression in freezing point: The freezing point of a 
solution containing non-volatile solute is always less than Oie 
freezing point of a pure solvent. The decrease in freezing point is 
termed depression and represented as ATf . 

ATf « molality of the solution 

or ATf =mx Kf (AT^isa molal depression constant) 

KXWxATxXw lOOOxAT/^xw. 

or ATf= -i- OTATf= -^- - 

Wxm wg xm^ 

where, w = mass of solute; m = molecular mass of solute; 

W = mass of solvent 

Arts equal to— 

■' lOOQL 

where, Jq = freezing point of solvent in absolute scale; 

L =latent heat of fusion 
The units of are K kg mol“'. 

11. Osmosis and osmotic pressure: When a solution is 
separated from the pure solvent with the help of a semipermeable 
membrane, the solvent molecules from the pure solvent move 
towards the solution; The movement of solvent molecules from 
low concentration to higher concentration through 
semipermeable membrane is termed as osmosis. 

As a result of osmosis, a pressure is developed which is 
termed as osmotic pressure, i.e., the hydrostatic pressure 
which develops on account of osmosis is called osmotic pressure. 
It is equal to h-d-g. It is also found that if an equal and opposite 
force is applied on the solution, the osmosis stops. Thus, the 
excess pressure that nuist be applied on the solution as to prevent 
osmosis is also the measure of osmotic pressure. 

Osmotic pressure of a dilute solution is given by van’t Hoff 
equation, P = CRT, where C= concentration, R= solution 
constant and T = absolute temperature. 



V mxV 


where, w = mass of solute in grams 


V = volume of solution in litr« 
m = molecular mass of solute 


Best method for the determination of osmotic pressure is 
Berkeley and Hartley’s method. 

The term hypertonic and hypotonic are applied to compare the 
osmotic pressures of two solutions. The solution having lower 


osmotic pressure is termed hypotonic and the Hilution having 
higher osmotic pressure is termed hypertonic solution. The two 
solutions having equal osmotic pressures are temwd as itotonic. 
Condition for isofdtiK: Solutions is 

Wl _ W; 

m,F, 

A 0.91% solution of prne NaCl is isotonic with human blood 
cells (RBC). An NaCl solution with concentration less than 
0.91% is called hypotonic and RBC will swell and burst in the 
solution. An NaCl solution with concentration greater than 
0.91% is called hypertonic and RBC will shrink in this solution, 
, will undergo plasmolysis or crenation. 

12. van’t Hoff factor: When the solute undergoes 
dissociation or association in solution, the number of particles 
in solution increases or decreases and thus, the colligative 
property changes accordingly. In 1886, van’t Hoff introduced a 
factor ‘i’ known as van’t Hoff factor to express the extent of 
dissociation or association of the solute in solution. 

van’t Hoff factor, i 
_ Observed colligative. property 

Theoretical or normal colligative property 

No. of particles after dissociation or association 
No. of particles when there is no dissociation or association 

_ Normal molecular mass of the solute 
Observed molecular mass of the solute 

From the value of ‘ i ’ it is possible to determine the degree of 
dissociation or association. 

In case of dissociation ‘i’ is greater than 1. 

H-(n-l)a 
* 1 

where, n is die number of particles per molecule and a is the 
degree of dissociation. 

i-1 


Similarly, in case of association, ’ i’ is less than 1. 
1 + 


where, n is the number of molecules which are astociated to form 
one giant molecule and d is the degree of association. 

' i 

or a = — 

\ 
n 

Molecular masses of electrolytes observed by the methods 
based on colligative properties are always tes than normal 
molecular masses. 
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13. Calculation of osmotic pressure from lowetiiig of 
vapour pressure:■ 

PQ-P_im0 

~o 

where, Pq = vqwur pressure of pure solvent 
P = vapour pressure oif solution 
TC = osmotic pressure 
= molecular mass of solvent 
d= density of solution in gmL”' 
i? = gas constant in atm mL/deg/mol, i.e, 82.1. 

14. Variation of vapour pressure with temperature 
(Clausius-Clapeyron equation): 



where, Pj = vapour pressure at T] 

P 2 = vapour pressure at r 2 
AH = latent heat of vaporization per mole 


15. Variation of vapour pressure of a liquid with external 

pressure: 



Vi 

2303RT 


(P 2 -P 1 ) 


where, p, = vapour pressure at external pressure P] 

P 2 = vapour pressure at external pressure P 2 
Vi - molar volume of liquid. 

16. Molecular masses of polymers are best determined by 
osmotic pressure method because other colligative properties 
give so low value that they cannot be measured accurately. 


17; To avoid the freezing of water in a car radiator, in the 
sub-zero weather, Xylene glycol is added td lower the freezing 
point of water. 

18. Freezing point is same as melting point. Hence, instead of 
depression in freezing point, depression in melting point cm be 
determined. For this purpose camphor is used as solvent because 
it has high molal depression constant, i. e., 40 K m"’. 

19. Relationship between different colligative properties: 

(i) Osmotic pressure Ji and boiling point elevation ATf. 


n = ATj, X 


dRT 

lOOfM:* 


(ii) Osmotic pressure n and freeing point depression ATf : 


ll = ATfX 


dRT 

IWMKf 


(iii) Elevation in boiling point and relative lowering of 
vapour pressure: 

molar mass ofsolvent 

fftA Po 


(iv) Depression in freezing point and relative lowering of 
vapour pressure: —^ 


lOOfMTy^ 

AT, =-X 

>»A 


AP 

Po 


20. Hygroscopic and deliquescent substances both absorb 
moisture from the air. The former do not change their state, eg., 
glycerol, whereas the latter dissolve into it, eg., NaOH. They 
absorb moisture because the vapour pressure of their saturated 
solution is 'less than that of water vapours present in surroundings 
at that temperature. 

The substances like Na 2 CO 3 -10H2O which lose their water of 
crystallisation are called efflorescent 
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estio 


Set-II 

1. Perhydrol 

2. 5.358 AT 

3. 1.785 iY 

4. 3.03 % 


1 . Match the following: 

Set-I 

(A) 10 vol H 2 O 2 

(B) 20 vol H 2 O 2 
■ (OSOvolHjOj 

CD )100 vol HjOj 

The correct match is : 

(a) A-4,B-3,C-2,D-l 

(b) A-l,B-2,C-3,D-4 

(c) A-l,B-3,C-2,D-4 
■ (d)A-4,B-2,C-3,D-l 

2. Matrix Matehing Problems (For IIT aspirants): 

[A] Match the solutes in Column-I with the van’t Hoff factors 
in Column-II: 


[CPMT (UP) 2008] 


Column-I 

(a) K 4 [Fe(CN)g] 

(b) AI 2 ( 804)3 

O 

II 

(c) NH 2 —C—NHj 

(d) CaCl 2 


Column-II 

(p) l + a 

(q) Greater than 1 

,(r)(l+4a) 

(s) 1 


a = Degree of ionisation. 

[B] Match the s.olutions in Column-I with their nature in 
Column-II: 


Column-I 

(a) Benzene -I- toluene 

(b) Ethanol + water 

(c) Benzene + chloroform 

(d) Carbon tetrachloride 
+ chloroform 

[C] Match the solutions in Column-I with their nature in 
Column-II: 


Column-il 

(p) Non-ideal solution 

(q) Ideal solution 

(r) > 0 

(S) 


= 0 


Column-I 

(a) n-hexane -I- « heptane 

(b) Acetone + chloroform 

(c) Acetone + aniline 

(d) Ethanol + water 


Column-II 

(p) Can be perfectly 
separated by distillation 

(q) Maximum boiling 
azeotrope 

(r) Caimot be perfectly 
separated by distillation 

(s) Nearly ideal 



[D] Match the solutions in CoIumn-I with their osmotic 
properties in Column-II: 

Column-I Column-p 

(a) 5,: O.IM glucose, (p) A] andS 2 are isotonic 

52:0.1Afurea ; 

(b) 5,:0.1MNaCl, 

5yO:lAfNa2S04 

(c) SjtO.lMNaCl, 

‘ Sj^O.lMKCl 

(d) 5',:0.1ArCuSO4, 

S 2 : 0 . 1 M sucrose 

[ Note; Assume that the electrolytes are completely ionised.] 

[E] Match the solutions in Column-I with their colligative 
properties in Column-II: 


(q) No migration of solvent 
across the membrane 

(r) S., is hypertonic to S 2 

(s) Si is h)^otonic to 


Coluron-I 

(a) 0.1 M Ca 3 (P 04)2 


(b) O.lMNaCl 

(c) 0.1 M glucose 

(d) 0.1 M CaCl 2 


Column-II 

(p) Solution with highest 
boiling point 

(q) Solution with van’t Hoff 
factor greater than 1 

(r) Solution with lowest 
osmotic pressure 

(s) Solution with lowest 
freezing point 

[ Note: Assume that the electrolytes are completely ionised.] 
[F] Match the concentration terms of List-I with their 
informations in List-II: 

List-I . List-II 

(a) Molarity (p) Number of gram formula mass 

of solute dissolved per litre of 
solution 

(b) Molality . (q) Number of moles of solute 

dissolved per feg of solvent 

(c) Formality (r) Depends on temperature 

(df Strength of solution (s) Number of moles of solute 

dissolved per litre of solution 



1. (a)A-4,B-3,C-2,D-l. 

2. [A] (a—q, r); (b—q, r); (c—s); (d—^p, q) 

[B] (ar-q, s); (b—p, r); (c—p); (d—s) 

[C] (a—p, s); (b—q, r); (c-^i, r); (d—r) 


[D] (a-p, q); (l>-s); (c--p, q); (d-r) 

[E] (a—p, q, s); (b^; (c^r); (d—q) 

[F] (a—^r, s); (b—q); ( 0 —^p, r); (d—r) 







1, 15 g of methyl alcohol is present in 100 mL of solution. If the 
density of solution is 0.96 g mL“*, calculate the mass 
percentage of methyl alcohol in solution. 

[An*. 15,625%] 

2, A solution is prepared by disMlving 15 g of cane sugar in 60 g 
water. Compute the mass per cent of each component of solution. 

[ Aas. Mass percentage of sugar 20%, Mass percentage of water 
80%] 

3, The density of the solution of a salt X is 1.15 g mL"'. 20 mL of 
the solution when completely evaporated gave a residue of 
4.6 g of the salt. Calculate the mass percentage of the solute in 
solution. 

[ Ans. 20%] 

4, (a) 5.85 g of NaCl is dissolved in 200 mL of water. What will 
be the molarity of this solution? 

[.4y#s, 0.5 A#] 

(b) Calculate the molarity of the solution obtained by 
dissolving 20.6 g NajBr in 500 mL of water. 

[ Ajis, 0.4 M] 

5, The density of a solution containing 40% by mass of HCl is 
1.2 g/mL. Calculate the molarity of the solution. 

[A«s, 13.15 Afl 

6 , Concentrated sulphuric acid has density of 1.9 g/mL and 99% 
H 2 SO 4 by mass. Calculate the molarity of the acid. 

[Abs, 19.19 Af] 

7, A mixtiffe of alcohol and water contains 54% water by mass. 
Calculate the mole fraction of alcohol in this solution. 

[_Abs. 0.25] 

. 8 , What amount of oxalic acid is required to prepare 250 mL 
0.1 A solution (Given: molecular mass of oxalic acid = 126)? 
[Am. 1.575 g] 

#. 7.45 g of potassium chloride is dissolved in 100 g of water. 
What will be the molality of the solution? 

[Abs. 1 m] 

W. A solution is prepared by mixing 50 g sugar in 100 g of water 
at 25° C. Calculate the following: 

(i) Mass per cent of water. 

(ii) Mole fraction of sugar. 

(iii) Molality of the solution. 

[Aas* (i) 66 . 6 (ii) 0.0256 (iii) 1.46 m] 

11. A solution contains 25% water, 50% ethanoic acid and 25% 
ethanol by mass. Compute the mole fraction of each 
component: 

[ Aas- Mole fraction of water = 0.5022; 

Mole fraction of ethanoic acid =0.3013; 

Mole fraction of ethanol = 0.1965] 

12., Find the amount of 98% pure Na 2 C 03 -required to prepare 
5 litres of 2 A7 solution. 

[ Abs. 540.8 g impme NajCOj ] 

13. Calculate the final molarity when 2.0 litre of 3.0 M sugar 
solution and 3.0 litre of 2.5 M sugar solution are mixed and 
then diluted to 10 litres with water. 


[Hint; After mixing number of moles of sugar present 

= 2 X 3 + 3 X 2.5 = 13.5; Final molarity = — = 1.35 A/ ] 

10 

14, If 20.0 mL of 1.0 M calcium chloride and 60 mL of 0.2 Af CaCl 2 
are mixed, what will be the molarity of the final solution? 

[ Alls. 0.40 A/j 

15, Calculate the molarity of each of the ions in a solution when 
■ 3.0 litre of 4.0 AfNaCl and 4.0 litre of 2.0 Af C 0 CI 2 are mixed 

and diluted to 10 litre. 

[ An.s, Molarity = 1.2 Af; Molarity Co^^ = 0.8 M\ Molarity 
Cr=2.8Af] 

[Hint: NaCl = Na'" + CL 


1 raole 

I mole 

1 mole 

3x4 mole 

12 mole 

12 mole 

C0CI2 = 

= Co^'" 

+ 2cr 

1 mole • 

1 mole 

2 mole 

2x4 mole 

8 mole 

16 mote 


Total Cr ions = 28 mole] 

16, What volume of 96% H 2 SO 4 solution (density 1.83 g/mL) is 
required to prepare 4 litre of 3.0 Af H 2 SO 4 solution? 

[ Abs- 670 mL] 

fHBnt: First determine the molarity of 96% H 2 SO 4 and then 
dilute to get the desired solution.] 

17, Calculate the molarity of each ion in solution after 2.0 litre of 
3.0 Af AgNOj is mixed with 3.0 litre of 1.0 Af BaClj. 

[ Abs, Molarity of Ba^"^ = 0.6 Af; Molarity of NO] = 1.2 Af ] 
[Ifint: BaCla + 2AgN03 = 2AgCl i ■ + Ba(N03)2 

Initial 3 mole 6 mole 6 mole Ag^ will react 

with 6 mole Cl" to form 
6 mole cr 6 mole AgCl(s) 

NO], 

After 3 mole 6 mole 

reaction Ba^'^ NO] 

Total volume 3.0 + 2.0 = 5 litre. ] 

18, The density of a 10.0% by mass of KCl solution in water is 
1.06 g/mL. Calculate molarity, molality and mole fraction of 
KCl in this solution. 

[Abs, Molarity = 1.42 Af; Molality = 1.489 m; mole fraction of 
KCl =0.026] 

■J9.. Calculate the molality and mole fraction of the solute in an 
aqueous solution containing 6 g of urea per 500 g of water 
(Mol. mass of tirea = 60). 

[ Afls. Molality =0.2 Af; Mole fraction =0.00359] 

Calculate the molality of 1 litre solution of 93% H 2 SO 4 
(mass/volume). The density of the solution is 1.84 g/mL. 

(MLNR1993) 

[Abs. 10.428 m] 

111. Molarity of H 2 SO 4 is 0.8 and its density is 1.06 g/cm^. What 
will be its concentration in terms of molality and mole 
fraction. [CBSK (Mains) 2 005] 

[Abs. ot = 0.814;jch^so4 


= 0.014 ] 
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22. A 6.90 M solution of KOH in water contains 30% by mass of 
KOH. Calculate the density of the solution. 

[Ans. 1.288 gmL^’] 

23. How many kilograms of wet NaOH containing 10% water are 
required to prepare 60 litre of a 0.5 M solution? 

[Ans. 1.33 kg] 

24. In an experiment, 18.0 g of mannitol was dissolved in 100 g of 
water. The vapour pressure of solution at 20° C was 17.226 mm 
of mercury. Calculate the molecular mass of mannitol. The 
vqjour pressure of water at 20° C is 17.535 mm of mercury. 
[Ans. Molecular mass ofmannitol = 181.02] 

25. The vapour pressure of water at 20° C is 17.53 mm. Calculate 
the vapour pressure of a solution at 20° C containing 6 g of 
urea in 100 g of water (molecular mass of urea = 60). 

[Ans. Vapour pressure of solution = 17.22 mm] 

26. The vapour pressure of ether (molecular mass = 74 ) is 442 mm 
Hg at 293 K. If 3 g of a compormd A are dissolved in 50 g of 
ether at this temperature, the vapour pressure falls to 426 mm 
Hg. Caloilate Ihe molecular mass of A assuming that the 
solution of .4 is very dilute. 

[Ans. m = 123] 

27. 18.2 g of urea is dissolved in 100 g of water at 50° C. The 
lowering of vapour pressure produced is 5 mmHg. Calculate 
the molecular mass of urea. The vapour pressure of water at 
50° C is 92 mmHg. 

[Ans. 57.05] 

[Hint: Use ——~ = —-—, as the solution is not very dilute] 
ft « + A 

28. Calculate the vapour pressure of a solution at 100°C 
containing 3 g of cane sugar in 33 g of water. 

[Ans. 756.36 mm of Hg] 

[Hint: Apply ——~ as the solution is very dilute, 

ft Wm 

ft = 760mmofHgatl00°Candm= 342] , 

29. An aqueous solution containing 28% by mass of a liquid A 
(molecular mass = 140) has a vapom pressure of 160 mm at 
37° C. Find the vapour pressure of pure liquid 4 (the vapour 
pressure of water at 37° C is 150 mm). 

[Ans. ft = 358.3 mm] 

[Hint: Apply Ptotai = *”“1® fiaction of liquid 4 x ft + mole 
fraction of water x ft. Mass of water =100-28 = 72 g] 

30. At 25° C, the vapour pressure of pure benzene is 100 torr, 
while that of pure ethyl/alcohol is 44 tore. Assuming ideal 
behaviour, calculate the vapour pressure at 25°Cof a solution 
which contains 10 g of each substance. 

[Ans. 64.775 torr] 

31. Estimate the lowering of the vapour pressure due to solute in a 
1.0 molal aqueous solution at 100° C 

[Ans. 14 mm of Hg or 14 torr] 

32. Find the molality of a solution containing a non-volatile solute 

if the vapour pressure is 2% below the vapour pressure of pure 
water. (Dhanbad 1990) 

[Ans. 1.133 m] 


33. Calculate the mass of a non-volatile solute of molecular mass 
40, which should be dissolve in 114 g of octane to reduce the 
vapour pressure to 80%. 

[Ans. 10 g] 

34. 10 g of a certain non-volatile solute was dissolv«l in 100 g of 
water at 20° C. The vapour pressure was lowered from 17.3555 
to 17.235 mm. Calculate the molecular mass of the solute. 

[Ans. 257.45] 

35. 0.534 g of solute is dissolved in 15 g of water tiien freezing 

point temperature changes from 0°C to -1.57°C. Molal 
depression constant of water, = 1.85 Kkgmor'.Findout: 

(i) Molal concentration 

(ii) Molecular mass of solute [AIPMT (Mains) 2009] 

[Ans. (i) 0.848 (ii) 41.98 amu] 

36. Addition of 0.643 g of a compound to 50 mL of benzene 

(density 0.879 g/mL) lowers the freezing point from 5.51° C to 
5.03° C. If for benzene is 5.12, calculate the molecular 
mass of the compound. 0IT1992) 

[Ans, 156] 

37. A solution made by dissolving 0.32 g of a new comj»und in 
25 g of water has freezing point - 0.201°C. Calculate the 
molecular mass of the new compound. 

[Ans. 118.4] 

38. The boiling point of a solution of 0.1050 g of a substance in 
15.84 g of ether was found to be 0.1° C higher than that of pure 
ether. What is the molecular mass of the substance (Molecular 
elevation constant of ether per 100 g is 21,6)7 (MLNR1991) 
[Ans. 143.18] 

39. Calculate the freezing point and the boiling point at 
latmospltere of a solution containing 30 g cane sugar 
(molecular mass 342) and 150 g water. 

Given: Kj, = 0.513 and Kf = 1.86i 

[Ans. Boiling point = 100.3; Freezing point = - 1.09°C] 

40. When 36.0 g of a solute having the empirical formula CH 2 O is 
dissolved in 1.20 kg of water, the solution freezes at - 0.93 ° C. 
What is the molecular formula of the compound? 

[Ans. C 2 H 4 O 2 ] 

41. In winter, the normal temperature in Kullu valley was found to 
be - 11 °C. Is a 28% (by mass) aqueous solution of ethylene 
glycol suitable for a car radiatof? 

Kf for water = 1 .86 K kg mar'. 

[ Ans. Yes. The given solution freezes at - 11.66 ° C] 

42. Latent heat of fosion of water is 80 cal/g and its normal 
freezing point is 0°C. Calculate molal depression constant for 
water, (/i = 1.987cal) 

[ Ans. 1.86 K kg mor' ] 

43. A solution containing 7.5 g of urea (molecular mass = 60) in 
1 kg of water freezes at the same temperature as another 
solution containing 15 g of solute ‘4’ in the same amount of 
water. Calculate molar mass of ‘ 4 ’. 

[Ans. 120] 

44. Calculate the osmotic pressure of a decinormal solution of 
NaCl which is ionised to 80% at 27° C. 

[Ans. 4.43 atm] 

45. What is the volume of a solution containing 2 g mole of sugar 
that will give rise to an osmotic pressure of 1 atmosphere at 
STP? 

[Ans. 44.8 litre] 
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46. If the osnwtic pressure of 5 g per litre solution of a compound 
at 27° C is 0.025 atm, calculate the molecular mass of the 
compound. 

[Ans. 4926] 

47. The osnratic pressure of blood is 7.65 atmosphere at 37° C. 
How much glucose should be used per litre for an intravenous 
injection that is to have same osmotic pressure as blood? 

[Ans. 54.18 g of glucose per litre] 

48. 10 g of cane sugar (molecular mass = 342) in 1x10“^ m^ of 
solutioh produces an osmotic pressure of 6.68 x 10"* Nm“^ at 
273 K. Calculate the value of S in SI units. 

PV 

[Hint: 

nxT 

Given: F = 1 x 10^^^ m’; P = 6.68 X 10* 


„ = il,r = 273 

342 

^ 6.68 X 10* X1 X 10~^ X 342 

10 X 273 


= 8.3684 J K"' mor' ] 


49. A 250 mL water solution containing 48 g of sucrose 
(molecular mass = 342) at 300 K is separated from pure water 
by means of a semipermeable membrane. What pressure must 
be applied on solution as to prevent osmosis? 

[Ans. 13.8 atm] 

50. What would be the osmotic pressure of 0.05 M solution of 
sucrose at 5°C? Find out the concentration of a solution of 
glucose which would be isotonic with this solution of sucrose. 
(Molecular mass of sucrose = 342, Molecular mass of 
glucose = 180) 

[Ans. 1.14 atm; Concentration of glucose soln. = 9.0 g/L] 

51. Calculate the osmotic pressure of 0.5% solution of glucose 
(molecular mass 180) at 18° C. The value of solution constant 
is0.0821Titre-atmK“' mol”'. 

[Ans. 0.6628 atm] 

52. At 10° C, the osmotic pressure of urea solution is 500 mm The 
solution is diluted and the temperature is raised to 25° C, when 
the osmotic pressure is found to be 105.3 mm Determine 
extent of dilution. 

[Hint: Original solution x F, = — x S x 283 .. .(i) 

760 m 

After dilution x F, =-xi'x 298 ...(ii) 

760 m 

F, 105.3 298 

or — X-= — 

F, 500 283 

F, 298 500 , 

or — =- X -= 5 

F, 283 105.3 

i.e, the solution is diluted to the extent that Fj is five times the 
original volume (Fi).] 

53. Two solutions containing respectively 0.75 g of urea 
(molecular mass 60) and 1.5 g compound X in 100 g of water 
boil at the same temperature. Calculate the molecular mass of 

X. 

[Ans. 120] 

54. A5% solution of glucose is isotonic with 1.1% solution of KCl 
at 30° C. Calculate the degree of ionisation of KCl. 

[Ans. 0.88or88%] 


55. What should be the osmotic pressure of a solution of urea in 
water at 30° C which has boiling point 0.052 K higher than 
pure wate? Assume molarity and molality to be the same. Kf, 
for water is 0.52 K kg mol”'. 

[Ans. 2.487 atm] 

56. 4.0 g of a substance A dissolved in 100 g H 2 O depressed the 
freezing point of water by 0.1° C while 4.0 g of another 
substance B depressed the fl:^zing point by 0.2° C. Which 
one has higher molecular mass and what is the relation? 

[Ans. M^ = 2Ms] 

57. A solution containing 28 g of phosphorus in 315 g of CSj 
(boiling point 46.3° C) boils at 47.98° C. The molal elevation 
constant for CSj is 2.34 K kg mol”'. Calculate the molecular 
mass of phosphorus and deduce its formula in CS 2 . 

[Ans. 123.8, P 4 ] 

58. A solution of two volatile liquids A and B obeys Raoult’s law. 
At a certain temperature it is found that when the pressure 
abpve the mixture in equilibrium is 402.5 mm of Hg, the mole 
fraction of A in the vapour is 0.35 and in the liquid it is 0.65. 
What are the vapour pressures of two liquids at this 
temperature? 

[Hint; Let and pg be the partial pressures of vapours and p\ 
and p 2 be the vapour pressures of two liquids respectively. 
P4=0.65p® and pB=0.35p| 

Pa + Pb= 402.5 (given) 

In vapour phase, 

—^— = 0.35 or p^ = 0.35 x 402.5 = 140.875 mm 
Pa+ Pb 

So, p 5 = 216.72 mm and p\ = 747.5 mm] 


59, 


60. 


Calculate the amount of ice that will separate out on cooling a 
solution containing 50 g of ethylene glycol in 200 g water to 
- 9.3°C(Ky^ for water = 1.86K kg mol”'). 

[Hint: tsT=KfXm 

9.3 = 1.86 xm 

or ffi = 5 

Thus, solution of 5.0 molality will have freezing point of- 9.3° C. 
Let W g water be needed to prepare 5.0 molal solution containing 

mole of ethylene glycol. 

50x1000 


50 


62 

So, 


62 xW 


= 5.0 


or 


W 


50x1000 


161.3 g 


62x5 

Hence, ice separating out = (200 -161.3) = 38.7 g] 

At 293.2 K, the density of a 60% aqueous solution of methanol 
is 0.8946 g/mL. Calculate volume otl mole of the solution. 
[Ans. 28.46 mL/mol] 

[Hint: Let volume of solution be 100 mL 
IF = 100 x 0.8946 = 89.46 g 
60 , 

^CHjOH - - 1-875 


%20 ' 


32 
29.46 
18 


1.636 


Total moles = 1.875 -t-1.636 = 3.511 
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Volume per mole = 


^1, 1.2 kg ethylene glycol 


= 28.48 mL/mol] 


CHjOH 


CHjOH ^ 


was added in a car radiator 


6 = 1.86x- 


containing 9 litre water. The freezing of water was just 
prevented when car was running in the Himalayan valley at 
temperature - 4°C. Sudden thunderstorm in the valley 
lowered the temperature to - 6 °C. Calculate the amount of ice 
separated. 

[ Abs- 3 kg ice] 

[ Hint: AT = Z. x A Solute; B Solvent 

m^xwB 

^ 1200 X 1000 

6 = 1 . 86 x- 

62 X Wg 

Wg = 6000 g 

^wdght of ico = Total weight of H 2 O - wt. of HjO at - 6 ° C 
= 9000 - 6000 = 3000 g = 3 kg ] 

§2: 2 g mixture of glucose and sucrose is dissolved in 1 litre water 
at 298 K to develop osmotic pressure of 0.207 atm. Calculate 
percentage composition of glucose and sucrose by mole as 
well as by mass. 

[ Affls.. 

Percentage by mole: glucose = 65.194, sucrose = 34.806; 
Percentage by mass: glucose = 50, sucrose = 50.] 

63, If benzoic acid (mol. mass = 122) is associated into double 
molecules when dissolved in benzene and the osmotic 
pressure of a solution of 5 g of benzoic acid in 100 mL 
benzene is 5.73 atm at 10°C, what is the percentage association 
of benzoic acid? 

[ Ajas, 80%] 

[Hint:: n = iCRT = ijRT 

5/122 

5.73 = ix^:^^x 0.0821x 283 
0.1 

I = 0.6017 

1-f 1-0.6017 

■1 - 1 /n 1 - 1/2 

% association = 80%], 

•64, 0.1 formal solution of NaCl is found to be isotonic with 1.10% 
solution of urea. Calculate the apparent degree of ionization of 
NaCl. 

[ Ans. 0.83] 

[ifint: tt NaCl ='"'urea 

= nx~RT 

y 

ixO.lxitr = xJ?r (n= — RT) 

60x0.1 V 

i = 1.83 

, a = izi = M!zi = o.83] 

' n -1 2-1 

65. The vapour pressure of water at 100° C is 760 mm. What will 
be the vapour pressure at 95° C ? The latent heat of water at 
this temperature range is 548 cal/g. 


ixO.lxRT- 


[ AflS, 634.3 mm] 

[ Hint; Use Clausius-Clapeyron equation. 


>2^ 

AH 1 




2.303i? 1 

1^1 



66 , Calculate the increase in vapour pressure of water per 
atmosphere rise in external pressure at 10°C. The vapour 
pressure of water at 10° C and 1 atm is equal to 9.2 mm. 

[Ans.- o.i%] 


[Hiniv Uselogio 


- 11 - (R-R) 

2303RT ^ ‘ 


Vi = molar volume of liquid] 

67.. An aqueous solution of H 2 SO 4 has density 1.84 g/mL. 
Solution contains 98% H 2 SO 4 by mass. Calculate: 

(i) molarity of solution 

(ii) . overall molarity of solution 

(iii) molar volume 

(iv) specific volume 

(v) relative decrease in vapour pressure with respect to 
•water, assuming H 2 SO 4 m non-electrolyte at this high 
concentration. 

[ Hmt: ( 1 ) M =- 

98x1.84 x 10 

=-= 18.4 

98 

(ii) Weight of solution (1 litre) = 1000 x 1.84 = 1840 g 

QQ 

Wg (weight of H 2 SO 4 ) = ^ X 1840 = 1803.2 g 
W 4 (weight of water) = 1840 - 1803.2 = 36.8 g 


Total number of moles = ^ ^ 


36.8 ^ 1803.2 
18 98 


= 2.044+ 18.4 = 20.444 

Overall molarity = 20.444 

..... ,. , , Volume 1000 

(ill) Molar volume =-=- 

Total moles 20.444 

= 48.914 mL/mol 

- 1 1 „ 


(iv) Specific volume =-= -— mL/g = 0.543 mL/g 

density 1.84 

/ ^ A* 1 ^ xlOOO 98x1000 

(v) Molality (m) = -=-= 500 

irtg xwa 98 X 2 

Xg X 1000 

m = —2 - 

(l-%)Ma 

500 =.a.^. m. . ^ 

( 1 -Xfi)xl 8 

= 0.9 

Ap 

According to Raoulf s law: - 3 - = Xg = 0.9] 

Po 

€S.. You are given two samples of HCl with molarity 0.341 and 
0.143; volume of each sample being 1 litre. What will be the 
maximum volume of 0.243 M HCl that can be obtained by 
mixing the given samples in the following two conditions? 

(i) When water is added for dilution. 

(ii) When no water is added. 

[.A 11 .S, (i) 2.0204 litre; (ii) 1.98 litre] 
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OHinfi (i) LetxlitreofO.341 MHCland 1 litreofO.143MHCl 
be mixed to obtain 0.243 M HCl. 

MiFj + M2V.2=Mif(Vi + Vj) 

0.341 XX + 0,143 X 1 = 0.243 (1 + x) 

(0.341 - 0.243)x = 0.243 - 0.143 
0.098x = 0.1 

X = 1.0204 litre 
Total volume = 1 + x = 2.0204 litre 

Since, volume is greater than 2 litre, hence water is to be added, 
(ii) Let X litre of 0.143 M HCl and 1 litre of 0.341 M HCl are 
mixed to obtain 0.243 MHCl. 

M,F, + M2F2 = Mj,(F,+ F 2 ) 

0.143 X X + 0,341 X 1 = 0,243(1 + x) 

0.1x = 0.098 
X = 0.98 litre 


69. 


Total volume = 1 + x = 1.98 litre 
Since, volume is less than two litres, no water is to be added.] 
What is the vapour pressure of a solution of glucose which has 
an osmotic pressure of 3 atmosphere at 20° C? The vapour 
pressure of water at 20° C is 17.39 mm. Consider the density 
of solution equal to that of solvent. 

[AilSa 17.35 mm] 

|HmtS Use; — =-] 

Po dRT 


70i The osmotic pressure of an aqueous solution of a 
non-electrolyte is 18.8 atm at 15°C. What will be the vapour 
pressure of this solution at 100° C (Density of water at 
100° C - Ig/cc)? 

[Aiis. 0.958 atm] 

[Hiflfl Use, to calculate osmotic pressure at 1 00°C. 

Ti T 2 

18.8 Jij 

lrm~m 

7 I 2 = 25.224 atm 


Use, 


Po-P 

Po 


nm 


l-p 25.224 X 18 

1 (1x10^) X 0.0821x373 


p= 0.958 atm] 

71.- Calculate the osmotic pressure at 25 °C of a solution 
containing 1 g of glucose and 1 g of sucrose in 1 litre of 

solution. 

If it were not known that the solute was a mixture of glucose 
and sucrose, what would be the molecular weight of solute 
corresponding to the calculated osmotic pressure? 

[Ans.. 0.207 atm, 236.384] 

[Hiiitt Use; TtV = (ill + n 2 )RT to calculate osmotic pressure 

/ 1 t ^ 

7t X 1 = ^ I X 0.0821 X 298 
U80 342j 


72< 


= 0.207 atm 
w 

Use; nV ^ — RT to calculate molar mass of solute, 
m 

0.207 xl = -x 0.0821x298 
m 


. m = 236.384] 

100 mL aqueous solution of glucose with osmotic pressure 
1.2 atm at 25° C is mixed with, 300 mL aqueous solution of 
urea at 2.4 atm at 25° C. Calculate the osmotic pressure of 
mixture. 

[Anis 1.68 atm] 

Jiiliti Use; + ^ 2 ) 


Kfl 


7t,Fi + iijFj 


1.2x100+ 2.4x300 , 

-= 1.68 atm] 

500 



Sif«1 i €lUeSti&n§ with sifigli o6rfe§t aiiswif 

1 1 A solution is defined as a: 

(a) homogeneous mixture of two or more substances 

(b) heterogeneous mixture of two or more substances 

(c) homogeneous mixture of liquid and solid components 
only 

(d) homogeneous mixture consisting of water as one of the 
components 

2i Ideal solution is formed when its components; 

(a) have zero heat of mixing only 

(b) have zero volume change on mixing only 

(c) have zero heat of mixing and zero volume change 

(d) can be converted into gases 

Solutions which distil without change in composition or 
temperature are called; 


(a) amorphous (b) azeotropic mixture 

(c) supersaturated (d) ideal 

4. Azeotropic mixtures are; 

(a) mixture of two solids 

(b) those which boil at different temperatures 

(c) those which can be fractionally distilled 

(d) constant boiling mixtures 

5. The solubility of a gas in a liquid is directly proportional to the 
pressure of the gas. This statement is; 

(a) Raoult’s law (b) Henry’s law 

(c) van’t HofiPs law (d) None of these 

61 Which of the following is not correct for an ideal solution? 

(a) Raoult’s law is obeyed for entire concentration range and 
temperatures 
{b)AH,^=0 

(c) AV^ = 0 

(d) = 0 , 
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7- The solubility of a gas in liquid increases with; 

(a) increase in temperature 

(b) reduction of gas pressure 

(c) decrease in temperature and increase of gas pressure 

(d) amount of liquid taken 

8 . Saturated solution of NaCl on heating becomes; 

(a) supersaturated (b) unsaturated 

(c) remains saturated (d) none of these 

9. A supersaturated solution is a metastable solution whose 
concentration; 

(a) is equal to the solubility of the substance in solvent 

(b) is less than the solubility 

(c) exceeds the solubility 

(d) continuously changes 

10. When a crystal of a solute is introduced into a supersaturated 
solution of the solute: 

(a) the solute dissolves 

(b) the solution becomes unsaturated 

(c) the solution remains supersaturated 

(d) die excess of solute crystallises out 

11. An electrolyte dissolves in water if; 

(a) lattice energy is less than hydration energy 

(b) lattice energy is greater than hydration energy 

(c) lattice energy is equal to hydration energy 

(d) dissolution is endothermic 

12. The solubility of a substance is defined as the amount of solute 
in grams: 

(a) present in 100 g of the solvent 

(b) present in IM g of the solution 

(c) present in 100 mL of the solution 

(d) present in 1 litre of the solution 

13. Which of the following will form an ideal solution? 

(a) C 2 l^OH and water (b) HNOj and water 
(c) CHOj and CH 3 COCH 3 (d) CgH^ and Cgl^CHj 

14. Which of the following shows positive deviation iBrom 
Raoult’s law? 

(a) CgH^andCgHjCHs (b) CgHe and CQ* 

(c) eHOj and GjH^OH (d) GHaj and CH 3 COCH 3 

15. Which of the following shows neptive deviation from 
Raoult’s law? 

(a) CHQj and acetone (b) CgH^ and C 2 H 5 OH 

(c) C 6 H 5 CH 3 and CgHe (d) CA and CCl^ 

16. An azeotropic mixture of two liquids boils at a lower 
temperature than either of them when: 

(a) it is saturated 

(b) it does not deviate from Raoult’s law 

(c) it shows negative deviation from Raoult’s law 

(d) it shows positive deviation from Raoult’s law 

17. A maxima or minima obtained in the temperature composition 
curve of a mixture of two liquids indicates: 

(a) an azeotropic mixture 

(b) an eutectic formation 

(c) that the liquids are immiscible with one another 

(d) that the liquids are partially miscible at the maximum or 
minimum 


18. Among the following, that do^ not form an ideal solution is; 
(a) and C 6 H 5 CH 3 (b) CzHjO and C 2 l^OH 

• (c) Cgl^Cl and Cgl^Br (d) C 2 l^Br and € 31^1 

19. Which of the following solution pairs can be separated by 
fractional distillation? 

(a) Water-HN 03 (b) Water-HCl 

(c) Benzene-toluene (d) C 2 H 50 H-water 

20. When two liquids and R are mixed, their boiling points 
become greater than both of them. The mixture is: 

(a) ideal solution 

(b) non-ideal solution with negative deviation from Raoult’s law 

(c) non-ideal solution with positive deviation from Raoult’s law 

(d) normal solution 

21. The azeotropic mixture of water (b.pt. 100°C) and HCl 
(b.pt. 85° C) boils at 108.5 °C. When this mixture is distilled, 
it is possible to obtain: 

(a) pure HCl 

(b) pure water 

(c) pure water as well as HCl 

(d) neither HCl nor H 2 O in their pure states 

22. Pressure cooker reduces cooking time because:(CPMT 1990) 

(a) the heat is more evenly distributed inside the cooker 

(b) a large flame is used 

(c) boiling point of water is elevated 

(d) whole matter is converted into steam 

23. A molal solution is one that contains one mole of a solute in: 

(a) 1000 g of the solvent (b) one litre of the solution 
(c) one litre of the solvent (d) 22.4 litre of the solution 

24. In which mode of expression, the concentration of the solution 
remains independent of temperature? 

(a) Normality (b) Molality (c) Molarity (d) Formality 

25. 8 g NaOH is dissolved in one litre of soluticm. Its molarity is: 

(a) 0 . 8 A/ (b) 0.4M (c) 0 . 2 M (d) 0.1 M 

26. If 18 g of glucose is present in 1000 g of solvent, die solution 

issaidtobe: ; 

• 111 ^ l^^fe f J(b) 0.1 ' ^ 

27. The molarity ofpufe water is; [CMC (Vellore) 1991] 

(a) 100M (b) 55.6M (c) 50M (d) 183/ 

28. For preparing 0.1 M solution of H 2 SO 4 in one litre, we need 
H 2 S 64 : 

(a)9.8 g (b)4.9g (c) 49.0g (d) 0.98g 

29. Mole fraction of C 3 B^{OH )3 in a solution of 36 g of water and 

46 g of glycerine is: (CPMT 1991) 

(a) 0.46 (b) 0.36 (c) 0.20 (d) 0.40 

30. H 2 O 2 solution used for hair bleaching is sold as a solution of 
approximately 5.0 g H 2 O 2 per 100 mL of the solution. The 
molecular mass of H 2 O 2 is 34. The molarity of this solution is 
approximately: 

(a) 0.15 M (b) 1.5M (c) 3.0Af (d) 3.4M 

31. The number of moles of solute per kg of a solvent is called its; 

(a) molarity (b) normality 

(c) mole fraction (d) molality 

32. 1000 g aqueous solution of CaCOj contains 10 g of calcium 
carbonate. Concentration of the solution is: 
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(a) 10 ppm (b) 100 ppm 

(c) 1000 ppm (d) 10000 ppm 

33. A solution of CaClj is 0.5 mol/litre; then the moles of chloride 
ion in 500 mL will be; 

(a) 0.5 (b) 0.25 (c) 1.0 (d) 0.75 

34. If 5.85 g of NaCl are dissolved in 90 g of water, the mole 

fraction of solute is: [CMC (Vellore) 1991] 

(a) 0.0196 (b) 0.01 (c) 0.1 (d) 0.2 

35. What is the normality of 1 M H 3 PO 4 solution? (AIIMS 1991) 

(a) 0.5iV (b) l.OA 

(c) 2.0 N (d) 3.0 N 

36. The molarity of a 0.2 iV Na 2 CO 3 solution will be; 

(a) 0.05 M (b) 0.2M 

(c)O.lM (d) 0.4M 

37. How many grams of H 2 SO 4 are present in 0.25 g mole of 

H 2 SO 4 ? (CPMT1990) 

(a) 2.45 (b) 24.5 (c) 0.25 (d) 0.245 

38. Colligative properties of the solution depend upon: 

(a) nature of the solution (b) nature of the solvent 
(c) number of solute particles (d) number of moles of solvent 

39. Which of the following is a colligative property? 

(AFMC2009) 

(a) Surface tension (b) Osmotic prrasure 

(c) Optical rotation (d) Viscosity 

40. Which is not a colligative property? 

(a) Osmotic pressure 

(b) Lowering in vapour pressure 

(c) Depression in freezing point 

(d) Refractive index 

41. Colligative properties are applicable tp: 

(a) ideal dilute solutions (b) concentrated solutions 
(c) non-ideal solutions (d) all of these 

42. The vapour pressure of a solution having solid as solute and 

liquid as solvent is: [PET (MP) 2004] 

(a) directly proportional to mole fraction of the solvent 

(b) invereely proportional to mole fraction of the solvait 

(c) directly proportional to mole fraction of the solute 

(d) inveisely proportional to mole fraction of the solute 

43. If pg and p are the vapour pressures of a solvent and its 
solution respectively and and N 2 are the mole fractions of 
the solvent and solute respectively, then correct relation is: 

(a) p= PoN 2 (b) p= pgNi 

(c) pg = pNy (d) = P^(NylN 2 ) 

44. On mixing, heptane and octane form an ideal solution. At 

373 K, the vapour faessure of the two liquid components 
(heptane and octane) are 105 kPa and 45 kPa respectively 
vapour pressure of the solution obtained by mixing 25 g of 
heptane and 35 g of octane will be : (molar mass of heptane 
= 100 g n»r' and of octane = 114 g mor*) (AIEEE 2010) 
(a) 96.2 kPa (b) 144.5 kPa 

(c)72kPa (d)36.!kPa 

25 

[Hint: Heptane .4, n^ = ^^=0.25. 


45. 


46. 


47. 


35 

Octane B, ng = — = 0.31 
^ 114 

0.25 


Id __ 


n^+ng 0.25-1-0.31 


= 0.45 


Xg = 0.55 

0,0 
P = Pa^a +PbXb 

= 105x045 + 45 x 055 
= 72kPa] 

The vapour pressure of water at room temperature is 30 mm of 
Hg. If the mole fraction of the water is 0.9, the vapour pressure 
of the solution will 

(a) 30 mm of Hg (b) 24 mm of Hg 

(c)21mmofHg (d) 27 mmofHg 

A mixture of ethyl alcohol and propyl alcohol has a vapour 
pre^ure of 290 mm at 300 K. The vapour pressure of propyl 
alcohol is 200 mm. If the mole fraction of ethyl alcohol is 0.6, 
its vapour pressure (in mm) at the same temperature will be; 

(AIEEE 2007) 

(a) 360 (b) 350 

(c) 300 (d) 700 

When a non-volatile solute is dissolved in a solvent, the relative 

lowering in vapour pressure is equal to: 

[AEmC 2004; PMT (Himachal) 2006] 

(a) mole fraction of solvent 

(b) mole fraction of solute 

(c) concentration of solute in g L"‘ 


48. 


(d) concentration of solute in g per 100 mL 

The vapour pressure of a dilute aqueous solution of glucose is 

750 mm of mercury at 373 K. The mole fraction of solute is: 


(a) 


10 


(b) 


7.6 


(c) 


35 


(d) 


76 


[Hint: — — Ss. = Mole fraction of solute 
P 

p = Vapour pressure of water at 373 K is 760 mm] 
49. The vapour pressure of a pure liquid ‘A’ is 70 torr at 27 °C. It 
forms an ideal solution with another liquid B. The mole 
fraction of B is 0.2 and total pressure of the solution is 84 torr 
at 27 °C. The vapour pressure of pure liquid B at 27 “C is: 

[GET (Karnataka) 2009] 

(a) 14 torr (b) 56 torr (c) 140 torr (d) 70 torr 
[Hint: = (1 - 0.2) x 70 = 0.8 x 70 = 56 torr 


Pb = 84 - 56 = 28 torr 

28 = 0.2 X Pb or . Pb = 140 torr ] 

50. The vapour pressure of water at room temperature is 23.8 mm 
Hg. The vapour pressure of an aqueous solution of sucrose 
with mole fraction 0.1 is equal to: 

(a) 23.9 mm Hg (b)24.2mmHg 

(c) 21.42 mm Hg (d) 31.44 mm Hg 

51. The vapour pressure of pure A is 10 torr and at the same 
temperature when 1 g ofS is dissolved in 20 g of A, its vapour 
pressure is reduced to 9.0 torr. If the molecular mass of A is 
200 amu, then the molecular mass of R is: 

(a) 100 amu (b) 90 amu (c) 75 amu (d) 120 amu 
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54. 


55 . 


§ 6 . 


51. 


58. 


59. 


60. 


61. 

62. 


If the various terms in the following expressions have usual 
meanings, the van’t Hoff factor ‘i’ cannot be calculated by 
Miiich of the following expression? 

{a)nV^4inRT 


(b) AT= ixK^ xm 

(c) = ixKjjXm 


(d) 


P° —P 
^ solveot * soiation 

no 

solvent 



N + n 


Semipermeable membrane is that which permits the passage 
of: (CPMT1990) 

(a) solute molecules only 

(b) solvent molecules only 

(c) solvent and solute molecules both 

(d) neither solute nor solvent molecules 

Which inorganic precipitate acts as semipermeable 
membrane? 

(a) Calcium sulphate (b) Barium oxalate 

(c) Nickel phosphate (d) Copper ferrocyanide 

During osmosis, flow of water through a semipermeable 
membrane is: [CBSE (Medtehl) 2006] 

(a) from solution having higher concentration only 

(b) from both sides of semipermeable membrane with equal 
flow rates 

(c) from both sides of semipermeable membrane with unequal 
flow rates 

(d) from solution having lower concentration only 

At constant temperature, the osmotic pressure of a solution is: 

(a) directly proportional to the concentration 

(b) inversely proportional to the concentration 

(c) directly proportional to the square of concentration 

(d) directly proportional to the square root of concentration 
Osmotic pressure observed when benzoic acid is dissolved in 
benzene, is less than that expected from theoretical 
considerations. This is because : |MGIMS (Wardha) 2608] 

(a) benzoic acid is organic solute 

(b) benzoic acid has higher molar mass than benzene 

(c) benzoic acid gets associated in benzene 

(d) benzoic acid gets dissociated in benzene 
Blood cells do not shrink in blood because blood is: 

[PMT (Med) 2007] 

(a) hypertonic (b) isotonic 

(c) equimolar (d) hypotonic 

Isotonic solutions have the same: 

(a) density (b) molar concentration 

(c) normality (d) strength 

The osmotic pressure of solution increases if: (CPMT 1991) 

(a) temperature is decreased 

(b) concentration is decreased 

(c) number of solute particles is increased 

(d) volume is increased 

The osmotic pressure of a 5% solution of cane sugar 
(molecular mass 342) at 15°C is: 

(a) 3.46 atm (b) 3.64 atm (c) 4.0 atm (d) 2.45 atm 
A solution has an osmotic pressure of 0.821 atm at 300 K. Its. 
concentration would be; (HT1990) 


(a) 0.66 M (b) 0.32 M (c) 0.066 M (d) 0.033 

63. If 3 g of glucose (molecular mass 180) is dissolved in 60 g of 
water at 15°C, then the osmotic pressure of this solution will 
be: 


64. 


(a) 0.34 atm (b)^ 0.65 atin (c) 6.57 atm (d) 5.57 atm 
The relationship between the values of osmotic pressure of 
0.1 M solutions of KNO 3 (P ^) and CH 3 COOH (P ^) is; 

(a)P, =P 2 (b)P 2 >P, 


(c) 


Pj 

P1+P2 


P2 

P1+P2 


(d) P,>P^ 


65. An electrolyte A gives 3 ions and 5 is a non-electrolyte. If 
0.1 M solution of B produces an osmotic pressure P, then 
0.05 M solution of A will produce an osmotic pressure, 
assuming that the electrolyte is completely ionised: 

(a) 1.5P (b) P (c) 0.5P (d) 0.75P 

66 . 1 molar solution of a non-volatile and non-electrolyte 

compound will produce an osmotic pressure.at 0°C. 

(a) 1 atm (b) 44.8 atm (c) 10.0 atm (d) 22.4 atm 

67. If 0.1M solution of glucose and 0.1 Murea solution are placed 

on two sides of a semipermeable membrane to equal heights, 
then it will be correct to say that: (GSSE 1992) 

(a) there will be no net movement across the membrane 

(b) glucose will flow towards urea solution 

(c) urea will flow towards glucose solution 

(d) water will flow from urea solution towards glucose solution 

68 . Which solution will exert highest osmotic pressure? 

(a) 1 M glucose solution (b) 1 Murea solution 

(c) 1 M alum solution (d) 1 MNaCl solution 

69. Which is the correct relation between osmotic pressure of 
0.1 MNaCl solution and 0.1 MNa 2 S 04 solution? 

(a) The osmotic pressure of Na 2 S 04 is less than NaCl 
solution 

(b) The osmotic pressure of Na 2 S 04 is more than NaCl 
solution 

(c) Both have same osmotic pressure 

(d) None of the above 

70. A 0.6% urea solution would be isotonic with; 

[CETfKarnWaka) 2009] 

(a) O.i M glucose solution (b) 0.1 MKCl solution 
(c) 0.6% glucose solution (d) 0.6% NaCl solution 

71. Which one of the following solutions will have highest 
osmotic pressure? (Assume that all the salts are equally 
dissociated.) 

(a) 0.1 MAl 2 (S 04)3 

(b) 0 . 1 MBaCl 2 

(c) 0.1 MNa 2 Sp 4 

(d) The solution obtained by mixing equal volumes of (b) 
and (c) 

72. The following solutions have equal concentrations. Which one 
will show minimum osmotic pressure? 

(a) BaCl 2 (b) AgNOj 

(c) Na 2 S 04 (d) (NH 4 ) 3 P 04 

73. A solution of a substance containing 1.05 g per 100 mL was 
found to be isotonic with 3% glucose solution. The molecular 
mass of the substance is: 

(a) 31.5 (b) 6.3 (c) 630 (d) 63 
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74. The osmotic pressure of equimolar solutions of BaCU, NaCl 
and glucose will be in the order: 

(a) glucose > NaCl > BaCl 2 (b) BaClj > NaCl > glucose 
(c) NaCl > BaClj > glucose (d) NaCl > glucose > BaClj 

75. At 25°C, the highest osmotic pressure is exhibited by 0.1 M 

. solution of: (CBSE 1994) 

(a) CaClj (b) KCl (c) glucose (d) urea 

76. The plant cell will shrink when placed in: 

(a) water (b) a hypotonic solution 

(c) a hypertonic solution (d) an isotonic solution 

77. The osmotic pressure of a solution at 273 K is 2.5 atm. Its 
osmotic pressure at 546 K under similar conditions will be: 

(a) 0.5 atm (b) 1.0 atm (c) 2.5 atm (d) 5.0 atm 

78. Which one of the following pairs of solutions will be expected 
to be isotonic under the same temperature? 

[CET (Gujarat) 2006; AMU (Medical) 2009] 


(a) 0.1M urea and 0.1 M NaCl 


(b) 0.1 M urea and 0.2 M MgClj 

(c) 0.1 MNaCland0.1 

(d) 0.1 MCa(N 03)2 and 0.1 MNa 2 S 04 

79. An aqueous solution of methanol in water has vapour 
pressure: 

(a) less than that of water (b) equal to that of water 

(c) more than that of water (d) equal to that of methanol 

80. An aqueous solution is 1 molal in KI. Which change will cause 
the vapour pressure of the solution to increase? 

[CBSE (PMT) 2010] 

(a) Addition of NaCl (b) Addition of Na 2 S 04 

(c) Addition of 1 molal KI (d) Addition of water 

81. Osmotic pressure of a solution containing 0.1 mole of solute 
per litre at 273 K is (in atm): 


, . 0.1 X 273 

(a)- 

0.0821 

(c) — X 0.0821 X 273 
0.1 


(b) 0-0821x273 

_ 0.1 0.0821 
(d) — X- 


82. A solution of urea contains 8.6 g per litre. It is isotonic with a 
5% solution of a non-volatile solute. The molecular mass of 
the solute will be: 


(a) 349 (b) 34.9 (c) 3490 (d) 861 

83. The hard shell of an egg was dissolved in HCl. The egg was 
then placed in a concentrated solution of NaCl. What will 
happen? 

(a) The egg will shrink 

(b) The egg will swell 

(c) The egg will become harder 

(d) There will behardly any visible change 

84. Blood has been found isotonic with: 

(a) saturated solution of NaCl 

(b) saturated solution of KCl 

(c) saturated solution of I : I mixture of NaCl and KCl 

(d) normal sodium chloride solution 

85. When a solute is dissolved in a solvent: 

(a) vapour pressure of the solvent is decreased 

(b) freezing point of the solution becomes less than that of 
solvent 


(c) boiling point of the solution becomes higher than that of 
solvent 

(d) all are correct 

86 . The molal elevation constant is the ratio of the elevation in 
boiling point to: 

(a) molarity (b) molality 

(c) mole fraction of solute (d) mole fraction of solvent 

87. In cold countries, ethylene glycol is added to water in the 
radiators of cars during winters. It results in: 

(a) reducing viscosity (b) reducing specific heat 

(c) reducing freezing point (d) reducing boiling point 

88 . The best colligative property used for the determination of 
molecular masses of polymers is: 

(a) relative lowering in vapour pressure 

(b) osmotic pressure 

(c) elevation in boiling point 

(d) depression in freezing point 

89. Ebullioscopy is concerned with: 

(a) osmotic pressure of a solution 

(b) elevation of boiling point of a solution 

(c) depression in freezing point of a solution 

(d) relative lowering in vapour pressure of a solution 

90. Cryoscopy is concerned with: 

(a) osmotic pressure of a solution 

(b) elevation of boiling point of a solu'ion 

(c) depression in freezing point of a solution 

(d) relative lowering in vapour pressure of a solution 

91. Molecular mass of a non-volatile solute can be determined by: 
(a) Cryoscopic method (b) Victor-Meyer’s method 
(c) Graham’s method (d) Duma’s method 

92. Beckmann’s thermometer measures: 

(a) boiling point of the solution 

(b) freezing point of the solution 

(c) any temperature 

(d) elevation in boiling point or depression in freezing point 

93. The freezing point of 1% of lead nitrate solution in water will 

be: [UGET (Manipal) 2006] 

(a) 2°C (b) PC (c) 0°C (d) below 0°C 

94. A solution of 1.25 g of non-electrolyte in 20 g of water freezes 
at 271.94 K. If Ky is 1 .86 K kg moP* then molecular mass of 

the solute will be: 

(a) 207.8 (b) 179,79 (c) 209.6 (d) 109.5 

95. The ratio of the value of colligative property for KCl solution 
to that of sugar solution at the same concentration is nearly: 

(a) 1 (b) 2 (c) 0.5 (d) 2.5 

96. The freezing point order of the solution of glucose is: 

(a) 10% > 3% > 2% > 1% (b) 1% > 2% > 3% > 10% 

(c) 1% > 3% > 10% > 2% (d) 10% > 1% > 3% > 2% 

97. Which one of the following solutions has the highest b.p.? 

[UGET (Manipal) 2006] 
(a) 0.1 MNaCl (b) 0.1 M urea 

(c) 0 . 1 MBaCl 2 (d) 0.1 M glucose 

98. The freezing point of 1 molal NaCl solution assuming NaCl to 
be 100 % dissociated in water is: 
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(a) - 1.86°C (b) - 3.72°C 

(c)+1.86°C (d)+3.72°C 

99w Which of the following 0.1 M aqueous solutions will have the 
lowest freezing point? (MLNR1990) 

(a) K 2 SO 4 (b) NaCl (c) Urea (d) Glucose 

TOO. The freezing point of a 0.05 molal solution of a 

non-electrolyte in water is; (MLNR 1990) 

(a) -1.86°C (b) -0.93°C (c) -0.093°C(d) 0.93°C 
101. The freezing point of equimolal aqueous solution will be 
highest for; (nT1990) 

(a) Cgl^NHsCl (b) Ca(N 03)2 

(c)La(N 03)3 (d) CeH^Oj (glucose) 

lot. El evation in boiling point was 0.52°C when S g of a compound 
X was dissolved in 100 g of water. Molecular mass of the 
compound X is; for water is 0.52 per 1000 g of water.) 

(a) 120 (b) 60 (c) 600 (d) 180 _ 

103. The molal freezing point constant for water is 1. 86 . If342 g of 
cane sugar is dissolved in 1000 g of water, the solution will 
freeze at; 

(a) 1.86°C (b) - 1.86“C (c) - 3.92»C (d) 3.92“C 

104. The molal elevation constant of water is 0.51. The boiling 

point of 0.1 molal aqueous NaCl solution is nearly:(irr 1991) 
(a) 100.05°C (b) lOO.FC (c) 100.2°C (d) 101.0°C 

105. The molal elevation of an unknown solution is equal to the 
molal elevation of 0.1 Af solution of urea. The concentration of 
unknown solution is: 

(a) l Af (b) 0.01 M (c) 0.1 M (d) none of these 

106. Benzoic acid dissolved in benzene will show a molecular mass 

of: ^ \ ; 

(a) 122 (b) 61 (c) 244 (d) 366 

107. If the observed and normal osniotic pressures of a KCl 

solution are 5.85 and. 3.20 atm, the degree of dissociation of 
KCl is: • 

(a) 1 (b) 0.082 (c) 0.82 (d) 0.28 

108. The van’t Hoff factor of a 0.005 M aqueous solution of KCl is 
1.95. The degree of ionisation of KCl is; 

(a) 0.95 (b) 0.97 ' (c) 0,94 (d) 0.96 

T09. If the observed and normal osmotic pressures of 1% NaCl 
solution are 5.7 and 3.0 atm. the degree of dissociation of 
NaCl is: 

(a) 0.9 (b) 1.0 (c) 0.57 (d) 0.3 

110. Which one of the following salts would have the same value of 
the van’t Hoff factor as that of KjFetCN)^? (CBSE 1994) 
(a) Al 2 (S 04)3 (b) NaCl 

(c)Na 2 S 04 ■ (d)Al(N 03)3 

111-. Equimolal solutioiK of A and B show depression in freezing 
point in the ratio of 2 : 1. A remains in noimal state in solution. 
B will be in ... state in solution. 

(a) normal (b) associated 

(c) hydrolysed (d) dissociated 

1T2. The values of observed and calculated molecular mass of 
Ca(N 03)2 are 65.4 and 164 respectively. The degree of 
ionisation of the salt will be: 

(a) 0.25 (b) 0.50 (c) 0.60 (d) 0.75 

4T3. Which of the following compounds corresponds to van’t Hoff 
factor to be equal to 2 in dilute solution? 


(a) KCl (b) BaCl 2 (c) K 2 SO 4 (d) C 6 H, 20 g 

114. A solution containing 3.3 g of a substance .in 125 g of benzene 
(b.pt. = 80°C) boils at 80.66°C. If for benzene is 3.28 K kg 
moU* the molecular mass of the substance will be: 

(CPMT1992) 

(a) 130.29 (b) 129.20 (c) 132.20 (d) 131.20 

115. The elevation in boiling point of a solution of 10 g of a binary 
elfcctrolyte (molecular mass 100) in 100 g of water is AT^. The 
value ofKj, for water is; 

(a) ^ (b) 10 (c) lOATj (d) ^ 

116. The molal freezing point constant for water is 1.86 K kg moF*. 

Therefore, the freezing point of 0.1 MNaCl solution in water is 
expected to be: (MLNR 1994) 

(a) - IM°C (b) - 0.186°C(c) - 0.372°C (d) + 0.372°C 

117. Equal voliunes of M/20 urea solution and M/20 glucose 
solution are mixed. The mixture will have osmotic pressure: 

(a) equal to either of the solution 

(b) less than either of the solution 

(c) higher than either of the solution 

(d) zero 

118. Assuming the salts to be unionised in solution, which of the 
following has highest osmotic pressure? 

(a) l%CsCl (b) l%RbCl (c) 1%KC1 (d) l%NaCl' 

119. Pure benzene freezes at 5.3°C. A solution of 0.223 g of phenyl 

acetic acid (C 5 H 5 CH 2 COOH) in 4.4 g of benzene = 5.12 

KkgmoF’) freezes at 4.47°C. From the observation one can 
conclude that: (AFMC 2010) 

(a) phenyl acetic acid exists as such in benzene 

(b) phenyl acetic acid undergoes partial ionization in benzene 

(c) phenyl acetic acid undergoes complete ionization in 
benzene 

(d) phenyl acetic acid dimerizes in benzene 

120. The movement of solvent molecules from higher 
concentration to lower concentration through semipeimeable 
membrane under pressure is termed: 

(a) asmosis (b) reverse osmosis 

(c)' dialysis (d) diffusion 

111. During depression of freezing point experiment, an 
equilibrium is established between the molecules of: 

(EAMCET 2009) 

(a) liquid solvent and solid solvent 

(b) liquid solute and solid solvent 

(c) liquid solute and solid solute 

. (d) liquid solvent and solid solute 

122. The iflolecular weight of benzoic acid in benzene as 

determined by depression in freezing point method 
corresponds to: (IIT1996) 

(a) ionisation of benzoic acid 

(b) dimerization of benzoic acid 

(c) trimerization of benzoic acid 

(d) solvation of benzoic acid 

123. If 0.15 g of a solute, dissolved in 15 g of solvent, increases the 

boiling point by 0.216° C over that of the pure solvent, the 
molecular mass of the substance is (Molal elevation constant 
for the solvent is 216): (CBSE 1999) 
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(a) 1.01 (b) 10 

(c) 10.1 . (d) 100 

124. The vapour pressure of benzene at a eertain temperature is 640 

itun of Hg. A non-volatile and non-eleetrolytie solid, weighing 
2.175 g, is added to 39.08 g of benzene. The vapour pressure 
of the solution is 600 mm of Hg. What is the moleeular mass 
of the solid substance? (CBSE 1999) 

(a) 49.50 (b) 59.6 

(c) 69.5 (d) 79.8 

125. A 5% solution of cane sugar (mol. mass = 342) is isotonic with 
1% solution of a substance X. The molecular mass of X is: 

(CBSE 1998) 

(a) 34.2 (b) 171.2 

(c) 68.4 (d) 136.8 

126. The vapour pressure of a solvent decreased by 10 mm of 

mercury when a non-volatile solute was added to the solvent. 
The mole fraction of the solute in the solution is 0.2. What 
should be the mole fraction of the solvent, if the decrease in 
the vapour pressure is to be 20 mm of mercury? (CBSE 1998) 
(a) 0.8 (b) 0.6 

(c) 0.4 (d) 0.2 

rxi- m 1 f f 1 * lowering in vapour pressure 

[Hint: Mole fraction of solute =- - - - - - - 

vapour pressure of solvent 


Comparing under the two conditions, 

_ 02 _ 

mole fraction of solute 20 
or mole fraction of solute = 0.4 

mole fraction of solvent = (1 - 0.4) = 0.6] c. 

127. Which of the following 0.10 /« aqueous solution will have the 

lowest freezing point? A (CBSE 1997) 

(a,] Al2(S04)3 (b) KI \ 

(c) (d) Ci^H^^O,, \ 

128. A binary liquid solution is prepared by mixing «-heptane and , 
ethanol. Which one of the following statements is correct 
regarding the behaviour of the solution? (AIEEE 2009) 

(a) The solution formed is an ideal solution 

(b) The solution is non-ideal, showing positive deviation from 
Raoult’slaw 

(c) The solution is non-ideal, showing negative deviation 
from Raoult’s law 

(d) n-heptane shows positive deviation, while ethanol shows 
negative deviation from Raoult’s law 

129. X is a non-volatile solute and Y is volatile solvent. The 
following vapom pressmes are obtained by dissolving Ain K 


X/mol 

Y/mmHg 

0.1 

Px 

0.25 

Pi 

0.01 

P 3 


The correct order of vapour pressure is : 

[EAMCET (Engg.) 2010] 
(a)P, <R 2 < R 3 {h)P,<P^<Py 

{c)P,<P^<P^ (d)R2<Ri<R3 

130. 12.2 g of benzoic acid {M = 122) in 100 g water has elevation 
in boiling point of 0.27. = 0.54 K kg mor*. If there is 


100 % polymerisation, the number of molecules of benzoic 
acid in associated state is; 

(a) 1 (b) 2 

(c) 3 (d)4 

131. For [CrCl 3 •XNH 3 ], elevation in boiling point of one molal 
solution is double of one molal solution of glucose; hence x is, 
if complex is 100 % ionised; 

(a) 4 (b) 5 

(c) 6 . (d) 3 

132. If glycerol and methanol were sold at the same price in the 
market, which would be cheaper for preparing an antifreeze 
solution for the radiator of an automobile? 

(a) Glycerol (b) Methanol 

,.^) Both are equal (d) None of these 

133. Two liquids A and B have Pj* :Pj’ = \:3 at a certain 

temperature. If the mole fraction ratio of : xg = 1; 3, the 
mole fraction of A in vapour in equilibrium with the solution 
at a given temperature is: 

(a) 0.1 (b) 0.2 

(c) 0.5 (d) 1.0 

134. Relationship between osmotic pressme at 273 K when 1% 
glucose (ji,), 1 % urea (JI 2 ), 81% sucrose ( 713 ) are dissolved 
in 1 litre of water: 

(a) > 7 t 2 > 713 (b) 7 I 2 > 7 ti > 7 I 3 , 

(c) 71^ ^ ttj ^ 7 t 2 (d) Tlj — 7 t 2 ” 7 X 3 

135. Which of the following property indicates weak 
intermolecular forces of attraction in liquid? 

(a) High heat of vaporization (b) High vapour pressure 
(c) High critical temperature (d) High boiling point 

136. One mole of sugar is dissolved in two moles of water. The 

vapour pressure of the solution relative to that of pure water is: 
(a) 2/3 (b) 1/3 

(c) 3/2 (d) 1/2 

137. The highest temperature at which vapoiu pressiue of a liquid 
can be measured is: 

(a) critical temperature (b) inversion temperature 
(c) critical solu. temperature (d) b.pt. of liquid 

138. The expression relating molality (7n)and mole fraction ( 7 ^ )of 
solute in a solution is; 


(a) X 2 = 


/wMj 
1 + mMi 


(b) X 2 = 


mMi 
1 - ffiMj 


139. 


. , 1 + mM, 

(c) X 2 = - - 

mM, 


(d) X 2 = 


1 - mM^ 

mM-i 


The diagram given below is a vapour pressure compositioa 
diagram for a binary solution of A and B. 


3 

(0 

(0 

0 ) 


3 

o 

Q. 
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In the solution, A - B interactions are: 

(a) similar to A - A and B - B interactions 

(b) greater than A - A and B - B interactions 

(c) smaller than A - A and B - B interactions 

(d) impredictable 

140. The best and accurate method for determining osmotic 

pressure is: (AFMC 1995) 

(a) negative pressure method 

(b) Berkeley and Hartely method 

(c) Morse and Frazer method 

(d) Preffer’s method 

141. If all the following four compounds were sold at the same 

price, which would be cheapest for preparing an antifreeze 
solution for a car radiator? (AMU 1997) 


142. 


(a) CH 3 OH (b) C 2 l^OH 

(c) C 2 H 4 ( 0 H )2 (d) C 3 H 5 ( 0 H )3 

What is the osmotic pressure of the solution obtained by 

mixing 300 cm^ of 2% (mass-volume) solution of urea with 

300 cm^ of 3.42% solution of sucrose of 20°C? 

(J? = 0.082 L atm K“' mol”') (SCRA 2009) 

(a) 5 atm (b) 5.2 atm (c) 2.6 atm (d) 4.5 atm 


[Hint: nV = 




+ 1 





urea 


sucrose. 


RT 


600 

It X- 

1000 


3 X 3.42 
60"^ 342 


0.082x293 



143. 


(a) ethyl alcohol 
(c) benzene 

144. Isotonic solutions have: 
(a) same boiling point 
(c) same melting point 


It X 0.6 = (0.1 + 0.03) X 0.082 x 293 
It = 5.2 atm] 

A solution of 1 molal concentration of a solute will have 
niaximum boiling point elevation when the solvent is: 

[PMT (MP) 2000] 

(b) acetone 
(d) chloroform 

(DPMT 2000) 

(b) same vapour pressure 
(d) same osmotic pressure 

145. The depressions in freezing point for 1 M urea, 1 M glucose 

and 1 MNaCl are in the ratio: [CET (Haryana) 2000) 

(a) 1 : 2 : 3 (b) 3 : 2 : 2 

(c) 1 : 1:2 (d) none of these 

146. An aqueous solution of 6.3 g oxalic acid dihydrate is made up 

to 250 mL. The volume of 0.1 ANaOH required to completely 
neutralize 10 mL of this solution is: (IIT 2001) 

(a) 40 mL (b) 20 mL (c) 10 mL (d) 4 mL 

147. The vapour pressure of a solvent A is 0.80 atm. When a 

non-volatile Substance B is added to this solvent, its vapour 
pressure drops to 0.6 atm. The mole fraction of S in the 
solution is: [PMT (MP) 20001 

(a) 0.25 (b) 0.50 (c) 0.75 (d) 0.90 

148. An aqueous solution of sucrosp, C 12 H 22 OJ 1 , containing 

34.2 g/L has an osmotic pressure of 2.38 atmospheres at 17° C. 
For an aqueous solution of glucose, C 5 H 12 O 6 , to be isotonic 
with this solution, it would have: (AMU 1997) 

(a) 34.2 g/L (b)17.1g/L 

(c) 18.0 g/L (d) 36.0 g/L of glucose 


149. The molal b.pt. constant for water is 0.513° C kg mol *. When 

0.1 mole of sugar is dissolved in 200 g of water, the solution 
boils under a pressure of 1 atm at: (AIIMS 1991) 

(a) 100.513° C (b) 100.0513° C 

(c) 100.256°C (d) 101.025°C 

150. The correct expression relating molality {m ), molarity {M ), 
density {d ) and molar mass {M 2 ) of a solute is: 

M M 

W (b) m = 


(c) m = 


151. 


d + MM2 
d + MM. 


(d) m = 


MM 2 

MM. 


M M 

The expression relating mole fraction of solute (^ 2 ) and 
molarity (M ) of the solution is: 


(a) Jt 2 = 
(c) X 2 = 


MM, 


M(M, - M 2 )+ 9 

M(M, - M 2 ) + p 


(b) X 2 = 


(d) 


MM, 


M(Mi -M2)-p 
M(Mj - M2) - P 


MM, MM, 

(where p is the density of solution and M, and M 2 are the 
molar masses of solvent and solute, respectively.) 

152. The boiling point of a solution of 0.11 g of a substance in 15 g 
of ether was found to be 0.1°C higher than that of pure ether. 
The molecular weight of the substance will be (ATj = 2.16): 

[PET (MP) 2002] 

(a) 148 (b) 158 (c) 168 (d) 178 

153. 2.5 litre of 1 MNaOH solution are mixed with another 3 litre 

of 0.5 M NaOH solution. Then the molarity of the resulting 
solution is: [CBSE (PMT) 2002] 

(a) 0.80M (b) l.OM (c) 0.73M (d) 0.50M 

154. In a mixture, 'A' and 'B' components show the negative 

deviations as: (AIEfiE 2002) 

(a) > 0 

(b) AF,^, <0 

(c) A - B interaction is weaker than A - A and B - B 
interactions 

(d) none of the above reasons is correct 

155. A solutiqn contains non-volatile solute of molecular mass M 2 ■ 
Which of the following can be used to calculate the molecular 
mass of solute in terms of osmotic pressure? 

[CBSE (PMT) 2002] 


(a) M 2 


m 2 


VRT 


(c) M 2 = I nRT 
yv} 


Qd)M2 = \^ 


RT 

It 

n 


V J RT 


{m 2 = mass of solute; V = volume of solution; it = osmotic 
pressure) 

156. 0.6 g of an organic compound when dissolved in 21.7 g water 
freezes at 272.187 K. The molar mass of the organic 
compound is close to: 

{K f of water is 1.86 deg/molality; freezing point is 273 K) 

(SCRA 2009) 

(a) 61 g mol"' (b) 63 g mol"' 

(c) 65 g mol"' (d) 67 g mol"' 
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157k Osmotic pressure of urea solution at 10°C is 500 mm. Osmotic 
pressure of the solution becomes 105.3 mm, when it is diluted 
and temperature raised to 25°C. The extent dilution is: 

[PMT (MP) 2004) 

(a) 8 times (b) 5 times (c) 4 times (d) 7 times 

158. The average osmotic pressure of human blood is 7.8 bar at 

37°C. What is the concentration of an aqueous NaCl solution 
that could be used in blood stream? (AIIMS 2004) 

(a) 0.1.5 mol/L (b) 0.30 mol/L 

(c) 0.45 mol/L (d) 0.60 mol/L 

159. Camphor is often used in molecular mass determination 

because: [CBSE-PMT (Pre.) 2004] 

(a) it is readily available 

(b) it has very high cryoscopic constant 

(c) it is volatile 

(d) it is a solvent for organic substances 

160. A 0.004 M solution of Na 2 S 04 is isotonic with a 0.010 M 


solution of glucose at same temperature. The apparent degree 
of dissociation of Na 2 S 04 is: [IIT (S) 2004) 

(a) 25% (b) 50% (c) 75% (d) 85% 

161. Which of the following liquid pairs shows a positive deviation 
from Raoult’s law? [AIEEE 2004; AMU (Med) 2007) 

(a) Water-hydrochloric acid (b) Benzene-methanol 

(c) Water-nitric acid (d) Acetone-chloroform 

162. Which one of the following statements is false? 

(AIEEE 2004) 

(d) Raoult’s law states that vapour pressure of a component 
over a solution is proportional to mole fi-action 

(b) The osmotic pressure (Ji) of a solution is given by the 
relation n = MRT where M is molarity of the solution 

(c) The correct order of osmotic pressure for 0.01 M aqueous 
solution of each component is: 

BaCl 2 > KCl > CHjCOOH > Sucrose 

(d) Two sucrose solutions of same molality prepared in 
different solvents will have the same freezing point 
depression 

163. A solution of sucrose (molar mass = 342gmor’) has been 


prepared by dissolving 68.5 g of sucrose in 1000 g of water. 
The freezing point of the solution obtained will be: 

{Kf for water = L 86 K kg mol ') [CBSE (PMT) 2010) 

(a) -0.372°C (b) -0.520°C 

(c) +0.372°C (d) -0.570°C 


[Hint: 


M = Kf 


Wo xlOOO 

X—2- 

mg XW4 


68.5x1000 

= 1.86X- 

342x1000 

= 0.372 

Freezing point of solution = 0 - 0.372°C 
= -0.372°C] 

164. Which of the following is incorrect? [CET (J&K) 2005) 

(a) Relative lowering of vapour pressure is independent of the 
nature of the solute and the solvent 

(b) The vapour pressure is a colligative property 

(c) Vapour pressure of a solution is lower than that of the 
solvent 


(d) The relative lowering of vapour pressure is directly 
proportional to the original pressure 

165. Calculate the molal depression constant of a solvent which has 
freezing point 16.6°C and latent heat of fusion 180.75 J g“’. 

[JEE (Oiisisa) 2005] 

(a) 2.68' (b)3.86 (c) 4.68 (d) 2.86 

166. If for a sucrose solution, elevation in boiling point is 0.1°C 

then what will be the boiling point of NaCl solution for same 
molal concentration? (BHU (Pre.) 2005] 

(a)O.rC (b)0.2°C (c)0.08°C (d)0.01°C 

167. Which has minimum osmotic pressure? (DCE 2005) 

(a) 200 mL of 2 M NaCl solution 

(b) 200 friL of 1 M glucose solution 

(c) 200 mL of 2 M urea solution 

(d) All have same 

168. Solution A contains 7 g/L of MgCl 2 and solution B contains 
7 g/L of NaCl. At room temperature, the osmotic pressure of: 

(DCE 2005) 

(a) solution A is greater than B 

(b) both Have same osmotic pressure 

(c) solution B is greater than A 

(d) can’t determine 

169. The van’t Hoff factor for BaCl 2 at 0.01 M concentration is 

1.98. The percentage dissociation of BaCl 2 at this 
concentration is: [PET (Kerala) 2005] 

(a) 49 (b) 69 (c) 89 (d) 98 

(e) 100 

170. Equimolar solutions in the same solvent have: (AI^EE 2005) 

(a) same boiling point but different freezing points 

(b) same freezing point but different boiling points 

(c) same freezing and boiling points 

(d) different freezing and boiling points 

171. Asolution of urea (mol. mass 56 g mol"') boils at 100.18°C at 

the atmospheric pressure, li Kf and Kg for water are 1.86 and 
0.512 K kg mol"' respectively, the above solution will freeze 
at: [CBSfl-PMT (Pre.) 2005] 

(a) 0.654°C (b) - 0.654°C 

(c) 6.54°C (d) - 6.54°C 

172. If 0.5 g of a solute (molar mass 100 g mol”') in 25 g of solvent 

elevates the boiling point by 1 K, the molar boiling point 
constant of the solvent is: [PMT (Kerala) 2006] 

(a) 2 (b) 8 (c) 5 (d) 0.5 

(e) 10 

173. Osmotic pressure observed when benzoic acid is dissolved in 

benzene, is less than that expected from theoretical 
considerations. Thisiis because: [KCET 2006] 

(a) benzoic acid is an organic solute 

(b) benzoic acid has higher molar mass than benzene 

(c) benzoic acid gets associated in benzene 

(d) benzoic acid gets dissociated in benzene 

174. A 5% solution by mass of cane sugar in water has freezing 

point of 271 K and freezing point of pure water is 273.15 K. 
The freezing point of a 5% solution (by mass) of glucose in 
water is: (AIIMS 2006) 

(a) 271 K (b) 273.15 K (c) 269.07 K (d) 277.23 K 
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[Hint: 


Ms X 
5x1000 
342 X 95 
5x1000 


2.15 = 


KfX 


’AT = K^x 


..(i) 

..(ii) 


(for sucrose) 
(for glucose) 


180x95 

Dividing eq, (i) by eq. (ii), we get, 

Ar = 418K 
r^^-4.18 

= 273.15 - 4.18 = 269.07 K] 

175. 18 g glucose (CgHjjOg) is added to 178.2 g of water. The 
vapour pressure of water for this aqueous solution at 100°C is: 

. (AIEEE 2006) 

(a) 759torr (b) 7;60torr (c) 76torr (d) 752.4 torr 

176. Depression in freezing point is 6 K for NaCl solution. If ATy 

for water is 1.86 K/kg mol; amount of NaCl dissolved in 1 kg 
water is: (DCE 2006) 

(a) 3.42 (b) 1.62 (c) 3.24 (d) 1.71 

177. Observe the following observations: 

= observed colUgative property 
= theoretical colUgative property assuming normal 
behaviour of solute 

van’t Hoff factor (i) is given by: (CET (J&K) 2006] 


(a) i = 

(^) ^ ~~ ^obs 


X 7t 


cal 


*'cal 


(b) i = Jtobs + n 


id) i = 


cal 


'^cal 


178. 


A 5.25% solution of a substance is isotonic with a 1.5% 
solution of urea (molar mass =60gmor') in the same 
solvent. If the densities of both the solutions are assumed to be 
equal to 1 g cm~^, molar mass of the substance will be: 

(AIEEE 2007) 


(a) 210.0 g mol 


-1 


(b) 90.0 g mol” 


179. 


(c) 115.0 g mol (d) 105.0 g mol" 

[Hint: For i^tonic solutions: 

’ ni=7t2 V %=CRT . 

1.5/60 ^ 5.25/w 
V ^ V 
m = 210 ] 

Concentrated aqueous sulphuric acid 98% H 2 SO 4 by mass has 
a density of 1.80 g mL'^ Volume of acid required to make 
one litre of O.IM H 2 SO 4 solution is: [CBSE (Med) 2007] 
(a) 16.65-mL (b) 22.20 mL 

(c) 5.55 mL (d) 11.10 mL 

xx^fxlO. 98x1.80x 10 


[Hint: vM=..- 


m, 


■B 


98 


= 18 


18 xF, 


■■M 2 V 2 
= 0.1x1000 


100 

F, = — = 5.55 mL] 
' 18 


180. If the vapour pressures of pure A and pure B at 298 K are 60 
. and 15 torr respectively, what would be the mole fraction of 
A in vapour phase (at this temperature) in a solution that 


contains 20 mole per cent of A in the (A + 5) binary mixture 


in the liquid phase? 
(a) 0.2 
(c) 0.5 

[Hint: 


181. 


182. 


183. 


(SCRA2007) 


(b) 0.3 
(d) 0.7 


20 


= 0 . 2 . 


Xg = 0.8 


0 , 0 
= + Pb^b 


100 

P = Pa+Pb 
= 60x0.2+15x0.8 = 12+12 = 24 
Mole fraction of A in the vapour phase, i.&, may be calculated 


as: 


Pa 

12 = 

yA 


= 3'.4 xp 
: X 24 

12 

= — = 0.5] 
24 


When 20 g of naphthoic acidlC^HgOj) is dissolved in 50 g of 
benzene (^Ty = 1.72 kg mol"'), a freezing point depression of 
2K is observed. The van’t Hoff factor (/) is: (IIT 2007) 

(a) 0.5 (b) 1 

(c) 2 (d) 3 

Wg X 1000 


[Hint: AT = 




2 = ixl.72x 


mg X 
20 X1000 

172x50 


1 = 0.5] 

At 80°C, the vapour pressure of pure liquid 4 is 520 mm of Hg 
and that of pure liquid B is 1000 mm of Hg. If a mixture of 
solution A and B boils at 80?C and 1 atm pressure, the amount 
of 4 in the mixture is: (1 atm = 760 mm of Hg) (AIEEE 2008) 
(a) 50 mol per cent (b) 52 mol per cent 

(c) 34 mol per cent (d) 48 mol per cent 

[Hint: p = + p| jcj 

760 = 520 X x^ + 1000 (1 - x^) 

X 4 = 0.50, i.e., 50 mol per cent.] 

The vapour pressure of water at 20°C is 17.5 mm Hg. If 18 g 
of glucose (CjH| 20 g) is added to 178.2 g of wafer at 20°C, the 
vapour pressure of resulting solution will be : (AIEEE 2008) 
(a) 17.325 mm Hg (b) 17.675 mm Hg 

(c) 15.75 mm Hg (d)16.5mmHg 

[Hint p = p\ 

.' = 17.5 X = 


178.2/18 


178.2/18 + 


il 

180 


= 17.325 mm Hg] ■ ' 

184. Which of the following can be measttted by the Ostwald- 

WaUcer dynamic method ? (KCET 2008) 

(a) Vapour pressure of the solvent 

(b) Relative lowering of vapour pressure 

(c) Lowering of vapour pressure 

(d) All of the above 

185. C^oscopic constant is the depression in freezing point 

produced by : [Corned (Karnataka) 2008] 

(a) 1 % solution (b) 1 molar solution 

(c) 1 molal solution (d) 1 A solution 



Solutions 


375 


186. Which among the following gas will greatly deviate from 

Henry’s law in water? [PMT (Kerala) 2008] 

(a)H 2 (b)N 2 

(c) CH 4 (d) CO 2 

(e) Ar 

187. Vapour pressure increases with increase in: 

[JEE (Orissa) 2008] 

(a) concentration of solution containing non-volatile solute 

(b) temperature upto boiling point 

(c) temperature upto triple point 

(d) altitude of the concerned place of boiling 

188. When mercuric iodide is added to the aqueous solution of 

potassium iodide; [BHU (Mains) 2008] 

(a) freezing point is raised 

(b) freezing point is lowered 

(c) freezing point does not change 

(d) boiling point is raised 

[Hint: 2KJ+ Hglj-> K 2 [H^ 4 ] 

Number of particles decreases due to above reaction hence 
freezing point is raised.] 

189. The Henry’s law constant for the solubility of N 2 gas in water 

at 298 K is lx 10^ atm. The mole fraction of N 2 in air is 0.8. 
The number of moles of N 2 from dissolved in 10 moles of 
water at 298 K and 5 atm pressure is; (ITT 2009) 

(a) 4x10''' (b) 4 x16'^ 

(0)5x10-^ (d)4xl0'* 

[Hint: =-'n 2 xPtotai 

= 0.8 X 5 = 4 atm 


According to Henry’s law ; 


Phi -^h 

. 4 = 1x10^ X-^ 


«N2 X%20 


+ ”H;0 1x10' 

+10 


0.25x10' 


%2 

«N2=4x10-^] 


190. A 0.002 m aqueous solution of an ionic compound 
Co(NH 3 )5 (NO 2 )C1 freezes at -0.00732=0. Number of moles 
of ions which 1 mol of ionic compound produces on being 
dissolved in water will be ; (/f^ = -1.86“C/m) 

[CBSE (Med) 2009] 

(a) 1 (b) 2 (c) 3,^ (d) 4 

[Hint: AT ==ixKj-xm 

0.00732 = ixl. 86x0.002 


i = 1.967 = 2] 

191. A solution is separated from pure solvent by a semipermeable 
membrane at 298 K. The difference in the height of the 
solution and the solvent is 0.9 m. If and freezing point of 
the solvent are 30 K kg mol'' and 250.3 K, respectively, the 
temperature at which the solution freezes is; (ISAT 2010) 
(a) 250.10 K (b) 250.25 K 

(c) 250.20 K (d) 250.05 K 


(Assume density of solution to be 1 g/cc) 

[Hint: 7txl3.6xgx76 = 90xgxl 
n =0.087 atm 
n = CRT 

0.087 = Cx0.082x 298 
C=3.56xl0'^M 
AT =Kj-xm 

= 30x3.56x10"^-0.1 

.•. Freezing point of solution will be : 250.3 - 0.1 
= 250.2 K] 

Set-2: The questions given below may have more than 
one correct answers 

1 . The given graph indicates; 



Xb=0 Xa=0 

(a) (+) deviation (b) (-) deviation 

(c) no deviation (d) none of these 

2. Which is the conect statement? 

(a) Minimum boiling azeotropic mixture boils at temperature 
lower than either of the two pure components 

(b) Maximum boiling azeotropic mixture boils at temperature 
higher than either of the two pure components 

(c) Minimum boiling azeotropic mixture shows (+)ve deviation. 

(d) Maximum boiling azeotropic mixture shows (-)ve deviation 

3. A certain non-volatile substance (non-electrolyte) contains 
40% C, 6.7% H, 53.3% O. An aqueous solution containing 5% 
by mass of the solute boils at 100.15° C. Molecular formula of 
the compound is; 

(a) CH 2 O (b) C 2 H 4 O 2 

...,,(C) C6H,206 (d) C,2H220„ 

4. Difference between diffusion and osmosis is: 

(a) a semipermeable membrane is required for osmosis while 
diffusion requires no semipermeable membrane 

(b) in osmosis the movement of molecules is only in one 
direction whereas in diffusion movement is on both sides 

(c) in osmosis only the solvent moves while in diffusion 
solute and solvent both move 

(d) hone of the above 

5. For a non-volatile solute: 

(a) vapom pressure of solute is zero 

(b) vapour pr^ure of solution = vapour pressure of pure 
solvent 

(c) vapour pressure of solution = vapour pressure of solvent 
in solution 

(d) all of the above v 
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6. In which of the following cases does osmosis take place if the 
solutions are separated by a semipermeable membrane? 

(a) 0.1 MNaCl and 0.2 M glucose 

(b) 0.1 Af sucrose and 0.1M firactose 

(c) 0.05 MK 4 [Fe(CN) 6 ] and 0 . 1 MCaCl 2 

(d) 10"^ MCaCl 2 and 1.5 x 10“^ MNaCl 

7. Match the following: 

Solute (equimolar) n (OP) ratio 

(i) Urea, glucose, fructose (A) 1: 0.8 : 1 


(ii) 

NaCl,MgCl 2 ,K 2 S 04 


(B)l: 

2:3 

(iii) 

Al 2 {S 04 ) 3 , Na 3 P 04 , K4Fe(CN6) 

(C) 1: 

1:1 

(iv) 

Glucose, NaCl, CaCl 2 


(D) 2 

:3 :3 


(i) 

(d) 

(iii) 

(iv) 

(a) 

A 

B 

C 

D 

(b) 

B 

D 

C 

A 

(c) 

D 

B 

■ A 

C 

(d) 

C 

D 

A 

B 


8, Match the following graph; 



A (i) (+) deviation 

B (ii) Ideal 

C (iii) (-) deviation 

(a) (^)(i).(5)(ii),(C)(iii) 

(b) (A)(iii),(B)(n),(Q(i) 

(c) (A)(ii),(B)(m).(Q(i) 

(d) none of these 

9. Vapour pressure of methyl alcohol and ethyl alcohol solutions 
' is represented by F = 115x4 + 140 where Xj is the mole 

P ^ 

fraction of methyl alcohol. The value of lim -A- is: 

^yl^OXg 

(a) 255 (b) 115 

(c) 140 (d) 135 

10. To 10 mL of 1 M BaCl 2 solution 5 mL of 0.5 M K 2 SO 4 i: 
added, BaS 04 is precipitated out. What will happen? 

(a) F.pt. is increased (b) B.pt. is increased 

(c) F.pt. is lowered (d) B.pt. is lowered 


11. Which is a dimensionless quantity? 

(a) Mole fraction (b) Molality 

(c) % by wt. of solvent (d) % by wt. of solution 

12. Which of the following concentration terms is/are independent 

of temperature? [PET (Kerala) 2006; 

CET (Gujarat) 2006; DCE 20071 

(a) Molarity 

(b) Molarity and mole fraction 

(c) Mole fraction and molality 

(d) Molality and normality 

(e) Only molality 

13. In the depression of freezing point experiment, it is found that: 

(ITT 1999) 

(a) the vapour pressure of the solution is less than that of pure 
solvent, 

(b) the vapour pressure of solution is more than that of pure 
solvent 

(c) only solute molecules solidify at the freezing point 

(d) only solvent molecules solidify at the freezing point 

14. Which of the following is/are correct for a solution of a 

particular concentration? • 

(a) Molarity is always less than molality 

(b) Formality is equivalent to molarity 

(c) Mole fraction is equivalent to mass fraction 

(d) Normality of H 2 SO 4 solution is double than its molarity 

15. Effect of adding a non-volatile solute to a solvent is: 

(a) to lower the vapour pressure 

(b) to increase its freezing point , 

(c) to increase its boiling point 

(d) to decrease its osmotic pressure 

16. Which of the following form/s an ideal solution? 

(a) Ethyl bromide + ethyl iodide 

(b) Ethyl alcohol + water 

(c) Chloroform + benzene 

(d) Benzene + toluene 

17. Osmotic pressure of a solution is: 

(a) directly proportional to the molar concentration of the 
solution 

(b) inversely proportional to the molecular weight of the 
solute 

(c) inversely proportional to the temperature 

(d) directly proportional to the volume of the solution 

18. Which of the following is/are true? 

(a) For the same solution, elevation in boiling 
point = depression in freezing point 

(b) van’t Hoff factor for a dilute solution of BaCl 2 is 3 

(c) Elevation in boiling point is due to increase in vapour 
pressure 

(d) Depression in freezing point is due to decrease in vapour 
pressure 

19. In the following question, more than one of the answers given 
may be correct. Select correct answer and mark it according to 

■ the code: [BHU (Mains) 2008] 

A solution containing components A and B exhibits positive 
deviation from Raoult’s law only when 
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(1) AF^^„g = + ve - 

(2) AF^^,=-ve 

(i) A — B attraction forces < A — A and B — B attraction 
forces 

(4) ^ — B attraction forces > A — A and B — B attraction 
forces 
Codes: 

(a) 1, 2 and 3 are correct 

(b) 1 and 2 are correct 

(c) 2 and 4 are correct 

(d) 1 and 3 are correct 

20. Consider the following statements in respect of an ideal 
solution: 

1. Raoult’s law is valid for an ideal solution over the whole 
concentration range 

2. Enthalpy of mixing is zero, i.e., - 0 

3. Volume of mixing is not zero, i.e., 0 

4. The components of ideal solution cannot be separated by 
fractional distillation. 

Which of the statements given above is/are correct? 

(SCRA2009) 


(a) 3 and 4 (b) 1 and 4 

(c) 1 and 2 (d) 2 and 3 

21 . Consider the following : 

At constant pressure, boiling point of a solution is greater than 
the boiling point of its pure liquid solvent because 

1. Solute is non-electrolyte 

2. Solute is involatile 

3. Chemical potential of solvent in solution is less than the 
chemical potential of solvent in its pure state at constant 
pressure 

Which of the above are correct? (SCRA 2009) 

(a) 1,2 and 3 (b) land 2 only 

(c) 1 and 3 only (d) 2 and 3 only 

22 . Which values can be obtained from the information 
represented by the vapour pressure curve of a liquid? 

1. Normal boiling point 

2. Normal freezing point 

3. Enthalpy of vaporisation (DUMET2010) 

(a) 1 only (b) 1 and 2 only 

(c) 1 and 3 only (d) 1,2 and 3 
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Assertion-Reason 

The questions given below consist of tvfTfstatements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four options: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

1. (A) The dissolution of gases in water is always an endothermic 

process. 

(R) Dissolution of gases in water proceed with negative value 
ofM. 

2. (A) Water boiling at lOCfC at 1 atmospheric prrasure in a 

beaker is not at equilibrium. 

(R) It refere to an open system. 

3. (A) A solution which contains one gram equivalent of solute 

per litre of the solution is called a normal solution. 

, (R) A normal solution means a solution in which the solute 
does not associate or dissociate. 

4. (A) The sum of mole fractions of all the components of a 

solution S unity. 

(R) Mole fraction is a temperature dependent quantity. 

5. (A) Iodine is more soluble in CCI 4 than in water. 

(R) Nonrpolar solutes are more soluble in non-polar solvents. 

6 . (A) Vapour pressure of 0.5 Af sugar solution is more than 

0.5 MKCl solution. 

(R) Lowering of vapour pressure is directly proportional to the 
number of species present in the solution. 

7. (A) Non-ideal solutions-form azeotropic mixture. 

(R) Boiling point of azeotropic mixture is higher than boiling 
points of its both components. 

8 . (A) One molar solution is always more concentrated than one 

molal solution. 

(R) The amount of solvent in 1 M and 1 m aqueous solution is 
not equal. 

9. (A) Camphor is used as solvent in the determination of 

molecular mass of naphthalene and anthracene etc. 

(R) Camphor has high molal elevation constant. 


(A) 0.1 M solution of glucose has same increment in freezing 
point than 0.1 M solution of urea. 

(R) Kf for both has different valu^. (AIIMS 1997) 

11. (A) Molarity of 0.02 Vsolution of HNO 3 is 0.02 Af. 

(R) Molarity and normality of a solution are never equal. 

12. (A) Larger the value of cryoscopic constant of the solvent, 

lesser will be the freezing point of the solution. 

(R) Depression in the freezing point depends on the nature of 
the solvent. 

13. (A) 0.1 M solution of NaCl has greater osmotic pressure than 

0.1 AT solution of glucose at same temperature. 

(R) In solution, NaCl dissociates to produce more number of 
particles. 

14. (A) Henry’s law and Raoult’s law are not independent, !.e.,one 

can be derived from the other. 

(R) The partial pressure is directly proportional to the mole 
fraction of the concerned species for ideal solutions. 

15. (A) The water pouch of instant cold pack for freating athletic 

injuries breaks when squeezed and NH 4 NO 3 dissolves 
thus lowering the temperature. 

(R) Addition of non-volatile solute into solvent results into 
depression of freezing point of solvent. (AHMS 2006) 

16. (A) In a pressure cooker, the water is brought to boil. The 

cooker is then removed from the stove. Now on removing 
the lid of pressure cooker, the water starts boiling again. 
(R) The impurities in water bring down its boiling point. 

[Hint: In pressure cooker, water boils above 10(F C. When the 
lid of cooker is opened, pressure is lowered so that boiling point 
decreases and water boils again.] 

17. (A) An increase in surface area increases the rate of 

evaporation. 

(R) Stronger the inter-molecular attractive forces, faster is the 
rate of evaporation at a given temperature. 

18. (A).An ideal solution obeys Raoult’s law. 

(R) In an ideal solution, solute-solute as well as 
solvent-solvent interactions are similar to solute-solvent 
interaction. 
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OBJECTIVE aUES^ONB 


• Set-1 


1. (a) 

2. (c) 

3. (b) 

4. (d) 

5. (b) 

6. (d) 

7. (c) 

8. (b) 

9. (c) 

10. (d) 

11. (a) 

12. (a) 

13. (d) 

14. (c) 

15. (a) 

16. (d) 

17. (a) 

18. (b) 

19. (c) 

20. (b) 

21. (d) 

22. (c) 

23. (a) 

24. (b) 

25. (c) 

26. (d) 

27. (b) 

28. (a) 

29. (c) 

30. (b) 

31. (d) 

32. (d) 

33. (b) 

34. (a) 

35. (d) 

36. (c) 

37. (b) 

38. (c) 

39. (b) 

40. (d) 

41. (a) 

42. (a) 

43. (b) 

44. (c) 

45. (d) 

46. (b) 

47. (b) 

48. (d) 

49. (c) 

50. (c) 

51. (b) 

52. (a) 

53. (b) 

54. (d) 

55. (d) 

56. (a) 

57. (c) 

58. (b) 

59. (b) 

60. (c) 

61. (a) 

62. (d) 

63. (c) 

64. (d) 

65. (a) 

66. (d) 

67. (a) 

68. (c) 

69. (b) 

70. (c) 

71. (a) 

72. (b) 

73. (d) 

74. (b) 

75. (a) 

76. (c) 

77. (d) 

78. (d) 

79. (a) 

80. (d) 

81. (b) 

82. (a) 

83. (a) 

84. (d) 

85. (d) 

86. (b) 

87. (c) 

88. (b) 

89. (b) 

90. (c) 

91. (a) 

92. (d) 

93. (d) 

94. (d) 

95. (b) 

96. (b) 

97. (c) 

98. (b) 

99. (a) 

100. (c) 

101. (d) 

102. (b) 

103. (b) 

104. (b) 

105. (c) 

106. (c) 

107. (c) 

108. (a) 

109.- (a) 

110. (d) 

111. (b) 

il2. (d) 

113. (a) 

114. (d) 

115. (a) 

116. (c) 

117. (a) 

118. (d) 

119. (d) . 

120. (b) 

121. (a) 

122. (b) 

123. (d) 

124. (c) 

125. (c)"' 

126. (b) 

127. (a) 

128. (b) 

129. (d) 

130. (b) 

,131. (a). 

132. (b) 

133. (a) 

134. (b) 

135. (b) 

136. (a) 

137. (d) 

138. (c) 

139. (c) 

140. (b) 

141. (a) 

142. (b) 

143. (c) 

144. (d) 

145. (c) 

146. (a) 

147. (a) 

148. (c) 

149. (c) 

150. (b) 

151. (a) 

152. (b) 

153. (c) 

154. (b) 

155. (b) 

156. (b) 

157. (b) 

158. (b) 

159. (b) 

160. (c) 

161. (b) 

162. (d) 

163. (a) 

164. (d) 

165. (b) 

166. (b) 

167. (b) 

168. (a) 

169. (a) 

170. (d) 

171. (b) 

172. (c) 

173. (c) 

174. (c) 

175. (d) 

176. (b) 

177. (d) 

178. (a) 

179. (c)-. 

180. (c) 

181. (a) 

182. (a) 

183. (a) 

184. (b) 

185. (c) 

186. (d) 

187. (b) 

188. (a) 

189. (a) 

190. (b) 

191. (c) 


Set-2^ 








1. (a) 

2. (a,b,c,d) 

3. (c) 

4. (a, b,c) 

5. (a, c) 

6. (c) 

7. (d). 

8. (b) 

9. (c). 

10. (b,c) 

11. (a, c,d) 

12. (c) 

13. (a,d) 

14. (b,d) 

15. (a, c) 

16. (a,. 

17 . (a,d) 

18. (b,d) 

19. (d) 

20. (c) 

21. (d) 

22. (b) 







1. (d) 2. (a) 3. (c) 4. (c) 5. (a) 6. (a) 7. (c) 8. (d) 
9. (a) 10. (c) 11. (c) 12. (a) 13. (a) 14. (b) 15. (a) 16. (c) 
17. (c) 18. (a) 
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Brain Storming Problems 


£/ jf/ 


OBJECTIVE Questions 


The following questions contain single correct option: 

1. Three solutions of HCl having normality 12 AT, 6 ATand 2 AT are 
mixed to obtain a solution of 4 AT normality. Which among the 
following volume ratio is correct for the above three 
components? 

(a)l:l:5 (b)l:2:6 (c)2:l:9 (d)l:2:4 

[Hint: iY,F, + iVjFj + + F 3 ) 

12 x 1 + 6 x 2 + 2 x 6 = Ars(9) 

?Y«=4] 

2, 6.8 g H 2 O 2 is dissolved in 224 mL solution. This solution will 
be labelled as: 

(a) 0.224 V (b)20V (c) 5 V (d)lOV 


[Hint: At 


Wg X1000 6.8 1000 
wia X F 34 224 

200 


Volume strength F = M x 11.2 

= —xll. 2 = 10 ] 

224 

3. A solution weighing a g has molality b. The molecular mass of 
solute if the mass of solute is c g, will be: 

, , c 1000 b 1000 

(a) _ X- (b) - X- 

b (a-c) a (a-b) 

, , b 1000 c 1000 

(c)_x- -- ^ 

c {a-c) a {b - a) 

rr.. Wr 1000 

[Hint: Molality, m = — x- 

mg 

^ c 1000 

ntg {a - c) 

c 1000 , 

mg=-x-—-] 

b (a-c) 

4. Two solutions of H 2 SO 4 of molarities x and y are mixed in the 
ratio of F, mL: Fj mL to form a solution of molarity M,. If 
they are mixed in the ratio of Fj mL: Fj mL, they form a 

solution of molarity M 2 . Given F, / Fj = — > 1 and = — , 


then jc: y is: 
(a) 2:1 


(b)4:l 


(c)l :2 


(d)3:l 


[Hint; Molarity of the mixture can be calculated as: 

M,F,+M 2 F 2 =Mje(F, + F 2 ) 
where. Mg = resultant solution 

F, xx + F2Xy = M,(Fi + F2) 
F 2 Xx+F,xy = M 2 (F, + F 2 ) 

Dividing eq. (i) by eq. (ii), we get 
F|X + F 2 y _ Ml 
F 2 X+F,y M 2 


Substituting 


land^l 


- we can calculate x: y.] 


5, You are given 500 mL of 2 V HCl and 500 mL of 5 V HCl. 
What will be the maximum volume of 3 M HCl that you can 
make from these two solutions? 

(a) 250 mL (b) 750 mL (c) 500 mL (d) 1000 mL 

6 . The mole fraction of a given sample of in C 5 Hg is 0.2. The 
molality of Ij in CgH^ is: 


(a) 0.32 
[Hint: m 


(b)3.2 
_ Xg X 1000 

(l-Xg)m^ 

_ 0 . 2 x 1000 
0.8x78 


(c) 0.032 (d) 0.48 

m = molality 

Xg = mole fraction of solute 
rwx = molar mass of solvent ] 


7. A 15-Volume sample of an H 2 O 2 solution is equivalent to: 

(a) 5.30 V (b) 1.77 V (c) 2.68 V (d) 7.50 V 
[Hint: F = 5.6V 
15 = 5.6 V 
V = 2.68] 

8 . If is the vapour pressure of a pure liquid A and the mole 
fraction of A in the mixture of two liquids A and B is x, the 
partial vapour pressure of ^ is: 

(a)(l-x)/>, (b)xi’, (d)iZ£p^ 

(1-x) X 

9. Difference between diffusion and osmosis is: 

(a) a semipermeable membrane is required for osmosis while 
diffusion requires no semipermeable membrane 

(b) in osmosis, movement of molecules is in one direction 
whereas in diffusion, the movement is on both sides 

(c) in osmosis only the solvent moves while in diffusion 
solute and solvent both move 

(d) all of the above 

10 . 


Vapour 
pressure 3-7 
of toluene mm 



Vapour 
I pressure 
of benzene 


0.2 0.4 0.6 0.8 1 

Mole fraction of benzene 
Choose the correct option: 

(a) 'A’ represents vapour composition and ‘5’ the liqu: 
composition 

(b) ‘A’as well as ‘5’represent liquid composition 

(c) Both‘/4’and‘J’ represent vapour composition 

(d) ‘/4’ represents liquid composition and ‘J’ the vapoi 
composition 
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11. Insulin (C 2 H,o 05 )„ is dissolved in a suitable solvent and the 
osmotic pressure (tc) of solutions of various concentrations 
(g/cc) C is measured at 20°C. The slope of the plot of n against 
‘ C’ is found to be 4.65 x 10”^. The molecular weight of insulin 
is: 


(a) 4.8x105 (b)9xl05 

[Hint: 


(c)3x 105 (d) 5.17 x10® 


nV =-^xRT 

mg 

\ RT 


V 


m 


B 


RT 

ji=Cx~xl000 


... (i) 


where C = concentration in g/cc, 
y= X X m 

Comparing eqs. (i) and (ii), 

RT 

Slope = —xlOOO 

mg 

RT 

mg - 


...(ii) 


X 1000 


Slope 
0.0821x293x1000 
4.65 X I0“5 
= 5.17x10*] 

12. Solubility of deliquescent substances in water is generally: 

(a) high (b) low 

(c) moderate (d) cannot be predicted 

[Hint: A deliquescent substance absorbs large amount of water, 
hence solubility is very high.] 

13. Consider the following vapour pressure-composition graph, 
SP is equal to: 

Pb 


Vapour 

pressure 



14. 


(a) PQ + RS (b) PQ + QR+ RS 

ic)SR+SQ id)PQ + QR 

y g of a non-volatile organic substance of molecular mass M is 
dissolved in 250 g benzene. Molal elevation constant of 
benzene is Kg. Elevation in its boiling point is given by: 


(a) 


” 4M 


K-by 

[Hint: hT = KgX 


--Kg X 


M 

Wg X 1000 

ntgXWji 

y xl000 _4A:^j, 


(d) 


Kby 

M 


M x250 


M 


15. Which of the following represents correctly the changes in 
thermodynamic properties during the formation of 1 mole of 
an ideal binarv .solution? 


+ve 


+ve 

AGmIx 

Jmor'' 0 


J mor’ 0 


\. / 

V / 

-ve 


-ve 



Mole fraction 


Mole fraction 


(a) 


(b) 

+ve 

"TASmix 

+ve 


JmoH 0 


J mor’ 0 


\ / 

V J 

-ve 


"Ve 



. 




Mole fraction Mole fraction 


(c) 


(d) 


16. 


17. 


A solute forms a pentamer when dissolved in a solvent. The 
van’t Hoff factor 'V for the solute will be: 

(a) 0.2 (b) 0.8. (c) 0.5 (d) 0.6 

What is the molarity of HCl in a solution prepared by 
dissolving 5.5 g HCl in 200 g ethanol if the density of the 
solution is 0.79 g mL”'? 

(a) 21 M (b) 0.93 M (c) 6 X lO"^ M (d) 1.7 M 

(e) 0.58 M 

W (mass) 205.5 


[Hint: F 


M = 


d 

Wj X 1000 
mgXV 


0.79 


- = 260.13 mL 


5.5 X 1000 
36.5x260.13 


= 0.58M] 


18. Which statement about the composition of vapour over an 
ideal 1:1 molar mixture of benzene and toluene is correct? 
Assume the temperature is constant at 25°C. 

Vapour pressure data (25°C): 


Benzene 75nimHg 

Toluene 22 mm Hg 

(a) The vapour will contain higher percentage of benzene 

(b) The vapour will contain higher percentage of toluene 

(c) The vapour will contain equal amount of benzene and 
toluene 

(d) Not enough information is givm to make a prediction 
[Hint: A : Benzene B: Toluene 


P = Pa + Pb 

P = Pl Xji-^- plXg 

= 75 X i + 22 X i 
2 2 

= 37.5+ 11 = 48.5 

Mole fraction of benzene in vapour, y. = — = = 0.78 

^ p 48 

Similarly, mole fraction of toluene in vapour, yg = 0.22 
The vapour wilt contain higher percentage of benzene.] 
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19. 


When 1.2 g of sulphur is melted with 15 g of naphthalene, the 
solution freezes at 11.TC. What is the molar mass of this form 
of sulphur? 

Data for naphthalene: 

Melting point (m.pt.) 80°C 


Freezing point depression constant K j- ■ 

(a) 180 g mol”’ (b) 190 g mol' 

(c) 260 g moF* (d) 450 g mol' 

[Hint; AT 


6.80 Km" 


^ X W 4 

Wg X 1000 


.ix 

AT 

6.8 


1 . 2 x 1000 


190] 


2.8 15 

20. Which concentrations can be calculated if the mole fraction 
and density of an aqueous solution of HCl are known? 

1. Molality 2. Molarity 3. Percentage by mass 

(a) 1 only (b) 3 only 

(c) 1 and 2 only (d) 1, 2 and 3 

21. The vapour pressure of a liquid in a closed container depends 
on: 

(1) temperature of liquid (2) quantity of liquid 

(3) surfece area of the liquid 

(a) 1 only (b) 2 only 

(c) 1 and 3 only (d) 1,2 and 3 

22. A solution is prepared by dissolving a 2.5 g sample of an 
unknown compound in 34 g of benzene (C^Hg) boils at 1.38°C 
higher than pure benzene. Which expression gives the molar 
mass of the unknown compound? 


Compound 

CgHg 

2.50 


(a) 2.53 X 


2.53°C m" 
34 


1.38 


1 


(b)1.38x —X2.50 
2.53 

1 'KR 

(d)2.50xl0^x —X2.53 
34 


23. 


24. 


(c)2.5xl0^x —X 

34 1.38 

If liquids A and B form an ideal solution: 

(a) the free energy of mixing is zero 

(b) the free energy as well as entropy of mixing are zero 

(c) enthalpy of mhmg is zero 

(d) the entropy of mixing is zero 

Solute A is a ternary electrolyte and solute B is 


non-elecfrolyte. If 0.1 M solution of B produces an osmotic 
pressure of 2P at temperature 3T K then.0.05 M solution of A 
at r K will produce an osmotic pressure of: , 

(a)P (b)1.5P (c)2P (d)10P 

25. Which of the following plots represents the behaviour of an 
ideal binary liquid solution? 

(a) Plot of Ftotai Ta (mole fraction of ^ in vapour) is linear 

(b) Plot of vs yjf is linear 

(e) Plot of 1/ vs y/jt is linear 

(d) Plot of 1 / vs yg is non-linear 

26. Total vapour pressure of mixture of 1 mo! A { p\ = 150torr) 
and 2 mol B { p% = 240 torr) is 200 torr. In this case: 


(a) there is positive deviation from Raoult’s law 

(b) there is negative deviation from Raoult’s law 

(c) there is no deviation from Raoult’s law 

(d) molecular masses of A and B are also required for 
calculating the deviation 

[Hint: x^=|,Xb=-? 

P^Pa^a + pI^b 

= 150 X - + 240 X - = 50 + 160 = 210 mm 
3 3 

Psxg. ^ TLalcolated 

.'. There is negative deviation from Raoult’s law.] 

27. A compound ATX 2 observed and normal molar masses 

65.6 and 164 respectively. Calculate the apparent degree of 
ionization of MX 2 ■ 

(a) 75% (b) 85% (e) 65% (d) 25% 

' . Normal molar mass 

[Hint; 


Observed molar mass 
164 
65.6 

i -1 


= 2.5 


«-r 

2.5-1 


3 (number of ions) 


1.5 


= 0.75 


3-1 2 

. Percentage ionization of MYj will be 75%.] 


28. 


Compound PdC^ -bHjO is 


a hydrated complex; 1 molal 
aqueous solution of it has freezing point 269.28 K. Assuming 
100% ionization of complex, calculate the molecular formula 
of the complex (Ky for water = 1.86 K kg moF*): 

(a) [PdCHjO)^ ]Cl 4 (b) [Pd(H 20 ) 4 Cl 2 ]Cl 2 • 2 H 2 O 

(c) [Pd(H20)3Cl3]Cl-3H20 (d) [Pd(H 20 ) 2 Cl 4 ]-41120 
[Hint: AT = ixKyXm 

(273 - 269.28)= 1x1.86x1 
3.72 = 1X1.86 
1 = 2 

1 — 1 
a-- 


n-1 


29. 


1 2-1 ' 

1 =-orn = 2 

n-1 

Thus, the complex should give two ions in the solution, l.e, the 
complex will be [Pd(H 20 ) 3 a 3 ]Cl - SHjO] 

Inulin is dissolved in suitable solvent and the osmotic pressure 
. (ji) of solutions of various concentrations (g/cm^) C is 
measured at 27?C. The slope of plot of Jt against C is found to 
be 4.1 X 10“^. The molecular mass of inulin is: 

(a) 6x10® (b)3xl0® (c)6xltf (d)3xltf 

[Hint: nV=nRT ' 
w 

nV =: — RT 


JC = — 

{VJ 


x-RT 

m 


7t =C 


RT 


y = MX 


... (i) 

... (ii) 
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Slope of the line will be 


RT 


m 


RT 


= 4.1x10"^ 


RT 


^.0821 X 1000 X 300 
4.1x10"^ 


4.1x10"^ 

= 6 x 10 ^] 

30. pH of a 0.1 Mmonobasic acid is measured to be 2. Its osmotic 
pressure at a given temperature T K is: 

(a)0.1.Rr (b)0.1LRr (c)l.Wr (d)0.0LRr 

[Hint: 'hA H”" + “ 

t = 0 COO 
^eq C -Ca Ca Ca 
[H^ ] = Ca;[HM=10->’« 

Ca = 10 '^ 

0.1a = 10^^ 
a = 0.1 


a = - 


i -2 

n-T 
i = l.l 
n = iCRT 


0.1 = 


1- 1 

2 - 1 


m ■- 


1 = 


Xg X 1000 

Xg X 1000 

(l-%)xl 8 


m = l . 

Xg = mole fraction of solute 
mJ^ = molar mass of solvent 


Xg = 0.0176, 


= 0.9824 


P = PoXa 
p= 760x0.9824 
= 746.624 

Ap = Po-/'= 760-746.624 
= 13.4 mm Hg ] 

34. The temperature at which the molarity of pure water is equal 
to its molality is: 

(a)273K (b)298K 

(c) 277 K (d) none of these 

35. Isopiestic solutions have; 

(a) same vapour pressure (b) same osmotic pressure 
(c) same fi-eezing point (d) same boiling point 

36. Molarity and molality of a solution of caustic soda are 
respectively 11.123/ and 94.12 m. The density of the solution 
is: 

(a) 0.556 g mL‘‘ (b) 5.56 g mL“’ 

(c) 55.6 g mL^’ (d) none of these 


= l.lx0.1x.Rr = o.iu?r ] 

31. The amount of ice that will separate on cooling a solution 
containing 50 g of ethylene glycol in 200 g water at -9.3°C, 
i:^ = 1.86Kkgmor*: 


(a) 38.71 g 

[Hint: AT = 


(b) 38.71 mg (c)42g (d)42mg 


KfX 


X 1000 


9.3 = 1.86 X 


mg X 

50x1000 


62 X 

= 161.29 g (amount of water present at - 9.3°C) 

.-. Amount of ice separated = 200 - 161.29 
= 38.71 g] - 

32. 2 moles each of liquids A and B are dissolved to form an ideal 
solution. What will be the mole fraction of B in the vapotu 
phase? 


Pa 
(a) 1/4 

[Hint: 


120 torr; = 80 torr. 


(b)l/2 (c)3/5 •(d)2/5 

^Pa + Pb 

0,0 • 

P = P.A^A-^ Pb^B 

= 120x-+ 80x- 
4 4 

= 60 + 40 = 100 torr 

yg - mole fraction of B in the vapour phase 
Aoua 100 

33. Lowering of vapour pressure in I molal aqueous solution at 
lOOX is: 


] 


(a) 13.44 mm Hg (b) 14.12 mm Hg 

(c)31.2mmHg (d)35.2mmHg 

[Hint: Molality and mole fraction are related as follows: 




[Hint: 


d = M 


\m 

d = ll.n 


molar mass of solute 

iooo . 

1 I 40 ^ 

94.12 ^ lOOoJ 


= 0.556 gmL*]‘ 

37. Which of the following solutions has osmotic pressure nearer 
to that of equimolar solution of K 4 [Fe(CN)g] ? 

(a)Na 2 S 04 (WBaClj 

(C)A 12 (S 04)3 .(d)C,2H220n 

38. Equal anwunts of a solute are dissolved in equal amotmts of 
two solvents A and B. The lowering of vapour pressure for the 
solution A is twice the lowering of vrpour pressure for the 
solution B. If Mji and Mg are the molecular weights of 
solvents A and B respectively, then: 

:iB)M^=Mg (b)M^=Mgl2 

(c)M^ =4Mg iA)M^^mg 

Following questions may have more than one correct options: 

1. Consider the following solutions: 

I. IM sucrose II. IMKCl 

III. 1 A/benzoic acid in benzeneTV. T 3 /(NH 3 ) 3 P 04 
Which of the following is/are true? 

(a) All solutions are isotonic 

(b) III is hypotonic of I, II and TV 

(c) I, II and III are hypertonic of rV 

(d) IV is hypertonic of I, II and III 

2, Osmotic pressure of the solution depends on; 

(a) nature of solute 

(b) nature of solvent 

(c) temperature 

(d) molar concentration of solute 


i 
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3. The following is a graph plotted between the vapour pressures 
of two volatile liquids against their respective mole fractions. 


Vapour 

pressure 



Which of the following statements are correct? 

(a) When = 1 and Xg = 0, then p = p\ 

(b) Whenxg = 1 and =0, then p= Pg 

(c) Whenx _4 = 1 and Xg = 0 , then p< pl 

(d) When Xg = 1 and = Q then p> p° 

4. Which of the following combinations are correct for a binary 
solution, in which the solute as well as solvent are liquid? 

(a) CgHg and Cgl^CHj; > 0 ; = 0 

O 

II 

(b) CHj — C — CHj and CHCI 3 ; Aifs„, < 0; AFs„, < 0 

(c) H 2 O and HCl; A/fsoi > 0; AFs„, < 0 

(d) H 2 O and CjHjOH; AHso, > 0 ;. AFs„, >0 

5. A solution containing 0.1 g of a non-volatile organic substance 

P (molecular mass 100) in 100 g of benzene raises the boiling 
point of benzene by 0.2'’ C, while a solution containing 0.1 g of 
another non-volatile substance Q in the same amount of 
benzene raises the boiling point of benzene by 0.4'’ C. What is 
the ratio of molecular masses of F and Q ? (SCRA 2007) 


(a) 1:2 


[Hint: 


(b) 2:1 


(A7’)e 


K, X 


(c) 1:4 

Wg X 1000 

mgXw^ 


(d) 4:1 


K,x 


Wg X 1000 

ntg X WJ^ 


M. 

0.4 


0 . 1 x 1000 

100 X100 

0,1x1000 
100 X ntg 

1 _ (>”a)o 

2 ” 100 

nig = 50 

(mg)/,; (mg)g = 100:50 
= 2 : 1 ] 

6 . Consider 0.1 M solution of two solutes X and Y. The solute X 
behaves as uni-univalent electrolyte while the solute Y 
dimerises in solution. Which of the following statements are 
correct regarding these solutions? 

1. The boiling point of solution of X will be higher than that 
ofT 


2. The osmotic pressure of solution of Y will be lower than 
that of X 

3. The freezing point of the solution of X will be fewer than 
that of T 

4. The relative lowering of vapour pressure of both the 
solutions will be the same 

Select the correct answer from the codes given below: 

(a) 1,2,3 (b)2,3,4 (c)l,2,4 (d) 1,3,4 

7. For a given value of degree of dissociation, which of the 
following have correct van’t Hoff factor? 


I = 2 + a 
£ = 1 + 2 a 
£ = 1 + 4a 
£ = 3 + a 
: 42 mm) and 


2 mole toluene 


(a) NaCl 

(b) Ca(N 03)2 

(c) K4[Fe(CN)g] 

(d) (NH 3 ) 3 P 04 
1 mole benzene (F^ene ^ 

(FtLene = 36 mm) will have: 

(a) total vapour pressure 38 mm 

(b) mole fraction of vapours of benzene above liquid mixture 
is 7/19 

(c) positive deviation from Raoult’s law 

(d) negative deviation from Raoult’s law 
[Hint: p -- 


'■ Pa + p% Xg A ^ Benzene, B < 

= 42xi+36x- 
3 3 


• Toluene 


114 

3 


i 38 mm 


Mole fraction of benzene in vapour ■ 


Flotal 

= 7/19] 


42/3 

38 


10 . 


The decrease in freezing point of an aqueous solution of a 
substance is 1.395 K. and that in the freezing point of a 
benzene solution of the same substance is 1.28 K. The 
substance: 

(a) dissociates in aqueous solution as well as in the benzene 
solution 

(b) forms complexes in the solution 

(c) associates in the benzene solution 

(d) dissociates in the aqueous solution and not in the benzene 
solution 

The vapour pressure of water at T (K) is 20 mm Hg. The 
following solutions are prepared at T (K): 

I. 6 g of urea (mol. wt. = 60) is dissolved in 178.2 g of water. 

II. 0.01 mole of glucose is dissolved in 179.82 g of water. 

III. 5.3 g ofNa 2 C 03 (mol. wt. = 106) is dissolved in 179.1 g of 
water. 

Identify the correct order in which the vapour pressures of 
solutions increase: [EAMCET (Medical) 2006] 

(a) III, I, II (b) II, III, I (c) I, II, III (d) I, III, II 
[Hint: 

_ Bg _ 6/60 6 

£lg 


I 


178.2/18 
= 0.01 

Po 


^ 0.01 
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II. X, = 


n, 


^ _ 


0.01 


n. + n, 






18 

= 0.001 


Po 


= 0.001 


in. x„ = 


nA + na 

Ap 


5.3/106 
179.1 5.3 

18 106 


: 0.005 


Po 


= 3 X 0.005 



= 0.015 

Vapour pressures of solutions will increase in the following 
sequence: 

(III) < (I) < (II).] 


11.' Consider lowering pf vapour: pressure (Ap). elevation in 
boiling point (Afj)and depression in freezing point (ATj-)of 
a solvent for the same molar concentration of each of the 
following three solutes: 
l.BaCl 2 2.NaCl 3. MgClj 
Which of the following is/are the correct sequence? 

(SCRA2009) 

(a)Ap:3<2<l (b)Arft:l>2>3 

(c) Afy-: 3< 2< 1 (d) None of these 

[Hint; van’t Hoff factor of both BaCl 2 and M^l 2 are same, i.e., 

3, hence none of the given sequence are correct] 




• single 

correct option 



1 . (b) 

2 . (d) 

3. (a) 

4. (a) 

9. (d) 

16. (c) 

11 . (d) 

12 . <a) 

17. (e) 

18. (b) 

19. (b) 

20 . (d) 

25. (c) 

26. (b) 

27. (a) 

28. (c) 

33. (a) 

34. (c) 

35. (a) 

36. (a) 


• One or more than one correct options 

1. (b,c,d) 2. (c,d) 3. (a,b) 4. (b,d) 

9. (c,d) 10. (a) 11. (d) 


5. (b) 

6 . (b) 

7, (c) 

8 . (b) . 

13. (c) 

14. (b) 

15. (c) 

16. (a) 

21 . (a) 

22 . (c) 

23. (c) 

24. (a) 

29. (a) 

30. (b) 

31. (a) 

32. (d) 

37. (c) 

38. (b) 



5. (b) 

6 . (a) 

7. .(b,c) 

8 . (a, b) 
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Linked Comprehension Type Questions 


• Passage 1 

A 1.24 M aqueous solution of K1 has density of 1.15 g/cm ^. 

Answer the following questions about this solution: 

1. Percentage composition of solute in the solution is; 

(a) 17.89 (b) 27.89 (c) 37.89 (d) 47.89 

2. Molality of this solution will be: 

(a) 2.61 (b)1.3l' (c)4.12 (d)3,12 

3. What is the freezing point of the solution if the K1 is 
completely dissociated in the solution? 

(a)-4.87°C (b)-3.22°C 

(c) - 1.22°C (d) None of these 

4. Experimental freezing point of the.solution is - 4.46°C. What 
% of KI is dissociated? 

(a) 82% (b)90% (c) 83% (d)None 

5. Normality of this solution is: 

(a) 0.62 (b)1.24 (c)2.48 (d) 3.72 

• Passage 2 

The colligative properties of electrolytes require a slightly 
different approach than the one used for the colligative properties of 
non-electrolytes. The electrolytes dissociate into ions in a solution. It 
is the number of solute particles that determines the colligative 
properties of a solution. The electrolyte solutions, therefore, show 
abnormal colligative properties. To account for this effect we define 
a quantity called the van’t Hoff factor, given by: 

Actual number of particles in solution after dissociation 

i =-^- 

Number of formula units initially dissolved in solution 

i = 1 ( for non - electrolytes)', 

i > 1 ( for electrolytes, undergoing dissociation ) 

i < 1 ( for solutes, undergoing association). 

Answer the following questions: 

1- Benzoic acid undergoes dimerisation in benzene solution. The 
van’t Hoff factor ‘f is related to the degree of association ‘a’ 
of the acid as: 

(a)j=l-a (b)! = l + a 

■(c)i=:l-“ (d)i=l+- 

2 2 

2. A substance trimerises when dissolved in a solvent A. The 
van’t Hoff factor ‘f for the solution is: 

(a) 1 (b) 1/3 . 

(c) 3 (d) unpredictable 

3. For a solution of a non-electrolyte in water, the van’t Hpff 
factor is: 

(a) always equal to 0 (b) < 1 

(c) always equal to 2 (d) > 1 but < 2 

4. 0.1 M K 4 [Fe(CN)j] is 60% ionized. What will be its van’t 
Hoff factor? 

(a) 1.4 (b)2.4 (c)3.4 {d)4.4 


n = 5 since, K^FefCNfJ gives 5 
ions in the solution 


j = 3.4] 

5. A solution of benzoic acid dissolved in benzene such that it 
undergoes molecular association and its molar mass 
approaches 244. Benzoic acid molecules will exist as: 

(a) dimer (b) monomer 

(c) tetramer (d) trimer 

6 . -The molar mass of the solute sodium hydroxide obtained from 

the measurement of the osmotic pressure of its aqueous 
solution at 2TC is 25 g mol''. Therefore, its dissociation 
percentage in this solution is: [CET (J&K) 2009] 

(a) 75 (b) 60 

(c) 80 (d) 70 

. Nomial molar mass 

pint: j =- .,.(i) 

Abnormal molar mass 


= 1 + a for binary electrolyte 

40 

—; a = 0.6 
25 


% ionisation = 


• Passages 

Many chemical and biological processes depend on osmosis 
which is, the selective passage ofsolvent molecules through a porous 
membrane from a dilute solution to a more concentrated one. The 
osmotic pressure 7 r depends on molar concentration of the solution 
(e = CRT ). If two solutions are of equal solute concentration and, 
hence, have the same osmotic pressure, they are said to be isotonic. 
If two solutions are of unequal osmotic pressures, the more 
concentrated solution is said to be hypertonic and the more diluted 
solution is described as hypotonic. 

Osmosis is the major mechanism for transporting water upward 
in the plants. Transpiration in the leaves supports the transport 
mechanism of water. The osmotic pressure of seawater is about 30 
atm; this is the pressure that must be applied to the seawater 
{separatedfrom pure water using a semipermeable membrane) to get 
drinking wa ter. 

Answer the following questions: 

1. A plant cell shrinks when it is kept in: 

(a) hypotonic solution (b) hypertonic solution 

(c) isotonic solution (d) pure water 

2. 4.5% solution of glucose would be isotonic with respect to 
.solution of urea. 

(a) 4.5% (b) 13.5% 

(c)1.5% (d)9% 

3. Glucose solution to be injected into the bloodstream must have 

same.as that of the bloodstream. 

(a) molarity , (b) vapour pressure 

(c) osmotic pressure (d) viscosity 
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4. Isotonic solutions have same: 

(a) density (b) molarity 

(c) molality (d) mole fraction 

(e) normality 

5. Osmotic rise of a solution depends on: 

(a) density (b) temperature 

(c) nature of solvent (d) none of these 

• Passage 4 







A 

B 


Compartments 'A' and ‘B ’ have the following combinations of 
solutions: 

A B 

1. 0.1 MKCl 0.2 MKCl 

2. O.Wo(m/V)NaCl 10% im/V)NaCl 

3. 18 g/Lglucose 34.2 g/L sucrose 

4. 20% (m/V) glucose 10% {m/V ) glucose 

Answer the following questions: 

1. Indicate the solutions which is/are isotonic: 

(a) 1 only (b) 3 only (c) 4 only (d) 2 only 

2. The solutions in which the compartment ‘5’ is hypertonic; 

(a) 1,2 (b)2.3 (c)3,4 (d)l,4 

3. Indicate the solution{s) in which the compartment ‘A' will 
show the increase in volume: 

(a)l (b)2 (c)3 (d)4 

4. Indicate the solution(s) in which the compartment 'B’ will 
show the increase in volume: 

(a) 1,2,4 (b)l,2 (c)2,3 (d)3,4 

5. The solution in which there will be no change in the level of 
the solution in the compartments 'A' and ‘B’ is; 

(a)l (b)2 (c)3 (d)4 

• Passages 

The boiling point elevation and the freezing point depression of 
solutions have a number of practical applications. Ethylene glycol 
(CH 2 OH ■CH 20 H) is used in automobile radiators as an antifreeze 
because it lowers the freezing point of the coolant. The same 
suhstance also helps to prevent the radiator coolant from boiling 
away by elevating the boiling point. Ethylene glycol has low vapour 
pressure. We can also use glycerol as antifreeze. For boiling point 
elevation to occur, the solute must be non-volatile, but no such 
restriction applies to- freezing point depression. For example, 
methanol (CH^OH), a fairly volatile liquid that boils only at 65°C is 
sometimes used as antifreeze in automobile radiators. 

Answer the following questions: 

1. Which of the following is a better reagent for depression in 
freezing point but not for elevation in boiling point? 


CH 2 OH 
CH 2 OH I 

(a)CH 30 H (b) I (c)CHOH (d) CgHijOg 

CH 2 OH 1 

CH 2 OH 

2. 124 g each of the two reagents glycol and glycerol are added 
in 5 kg water of the radiators in the two cars. Which of the 
following statements is wrong? 

(a) Both will act as antifreeze 

(b) Glycol will be better 

(c) Glycerol is better because its molar mass is greater than 

glycol < 

(d) Glycol is more volatile than glycerol 

3. 620 g glycol is added to 4 kg water in the radiator of a car. 

What amount of ice will separate out at - 6°C? = 1.86 K 

kgmor*: 

{a)800g (b)900g (c)600g (d)lOOOg 

4. If cost of glycerol, glycol and methanol are same, then the 
sequence of economy to use these compounds as antifreeze 
will be; 

(a) glycerol > glycol > methanol 

(b) methanol > glycol > glycerol 

(c) methanol = glycol = glycerol 

(d) methanol > glycol < glycerol 

5. Which among the following is the most volatile and the best 
antifreeze? 

(a)CH 30 H (b)C 2 H 50 H (c) Glycol (d) Glycerol ’ 

• Passage 6 

The solutions which boil at constant temperature like a pure 
liquid and possess same composition in liquid as well as vapour state 
are called azeotropes. The components of azeotropes cannot be 
separated by fractional distillation. Only non-ideal solutions form 
azeotropes. Solutions with negative deviation form maximum boiling 
azeotrope and the solutions with positive deviation form minimum 
boiling azeotrope. Boiling point of an azeotrope is never equal t^he 
boiling points of any of the components of the azeotrope. 

Answer the following questions: 

1. The azeotropic solutions of two miscible liquids: 

(a) can be separated by sinqjle distillation 

(b) may show positive or negative deviation from Raoult’s 
law 

(c) are supersaturated 

(d) behave like single pure component and boil at a fixed 
temperature 

2. Solutions which distill without any change in composition or 
temperature are called; 

(a) saturated (b) supersaturated 

(c) ideal (d) azeotrope 

3. The azeotropic mixture of water and HCl boils at 108.5°C. 
This solution is: 

(a) ideal 

(b) non-ideal with positive deviation 

(c) non-ideal with negative deviation 

(d) cannot be predicted 
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4. 100 mL liquid A and 50 mL liquid B are mixed to form 13 8 mL 

i solution; It is: :. 

(a) ideal solution (b) high boiling azeotrope 

(c) low boihng azeotrope ' (d) none of these 

5. Which, among the following combinations is maximum 
boiling azeotrope? 

(a) HjO + CHjOH (b) 0:14 + CHCI 3 

(c) (CH 3 ) 2 C 0 + CjI^OH (d) H 2 O + HNO 3 

• Passage? 

The pmperties such as boiling point, freezing point and vapour 
pressure of a pure solvent change when solute molecules are added 
to get homogeneous solution. These are called colligativeproperties. 
Applications of colligative properties are very useful in day-to-day 
life. One of its examples is the use of ethylene glycol and water 
mixture as anti-freezing liquid in the radiator of automobiles. 

A solution M is prepared by mixing ethanol and water. 

The mole fraction of ethanol in the mixture'is 0i9- ' 

Given Freezing point depression constant of water 
{K^ for water) =\.i6K kgmoF^ 

Freezing point depression constant of ethanol {K.^ for ethanol) 

= 2.QKkgmor^ 

Boiling point elevation constant of water for water) 

= 11.52 K kg moF^ 

Boiling point elevation constant of ethanol (Kj, for ethanol) 


= 1.2 K kg moF^ 

Standard freezing point of water =215 K 
Standard freezing point of ethanol = 155.7 K 
Standard boiling point of water = 373 K 

Standard boiling point of ethanol = 3 51.5 A” 
Vapour pressure of pure water = 32.8 mm Hg 
Vapour pressure of pure ethanol = 40 mm Hg 
Molecular weight of water = l&gmoF^ 

Molecular weight of efhand = 46 g moF^ 


In answering the following questions, consider the solutions to be 
ideal dilute solutions and solutes to be non-volatile and 
non-dissQciative. 


Answer the following questions: 

1. The freezing point of the solution M is: j 

(a) 268.7 K (b) 268.5 K (c) 234.2 K (d) 150.9 K 1 , 

2. The vapour pressure of the solution M is: 

(a) 39.3 mm Hg (b) 36.0 mm Hg 

(c) 29,5 mm Hg (d) 28.8 mm Hg 

3. Water is addedfro thft'sglution M such that the mole fraction of 
water in the solution becomes 0.9;'The boiling point of this 
solution is: 


(a) 380.4 K 


[Hint: 


(b) 376.2 K (c) 375.5 K (d) 354.7 K 

(I1T2008) 


1 . 


Molality m = 


Xg X1000 

(l-x^)^^. 


0.1x1000 
0.9 X 46 


= 2.415 
AT - Kf xm 

= 2x2.415 = 4.83 


Freezing point of solution - 155.7 - 4.83 = 150.9 K 

2. p = px^ 

= 40 X 0.9 = 36 mm Hg 

3. When water becomes solvent, the molality of solution 
will be: 

z.xlOO 0.1x1000 

jjj =---- = 6.172 

x^xm,^ 0.9x18 

AT =Aj xm = 0.52 X 6.172 = 3.209 
Boiling point of solution = 373+3.209 
= 376.2 K] 




Passage 1. 

1 . (a) 

2 . (b) 

3. (a) 

4. (c) 

5. (b) 

Passage 2. 

1 . (c) 

2 .(b) 

3. (b) 

4. (c) 

5. (a) 

Passage 3. 

1 . (b) 

2 . (c) 

3. (c) 

4.(b) 

5 . (a, b) 

Passage 4. 

1 . (b)^ 

2 . (a) 

3.(d) 

4. (b) 

5. (c) 

Passage 5. 

1 , (a) 

2 . (c) 

3. (b) ■ 

4. (b) 

5. (a) 

Passage 6 . 

l.(b,d) 

2 . (d) 

3. (c) 

4.(b) 

5. (d) 

Passage 7. 

1 . (d) 

2 .(b) 

3.(b) 
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<P Self Assessment <g> 

ASSIGNMENT NO. 5 


SECTION-1 

straight Objective Type Questions 

This section contains 12 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. The relative lowering of vapour pressure of a dilute aqueous 

solution containing non-volatile solute is 0.0125. The molality 
ofsolution is about: _ [PEX^Kerala) 2007J 

(a) 0.70 (b) 0.50 (c) 0.90 (d) 0.80 

(e) 0.60 

2. If the elevation in boiling point of a solution of 10 gm of solute 

(mol. mass = 100 ) in 100 g of water is ATj, the ebullioscopic 
constant of water is: [PET (Kerala) 2007] 

(a) 10 (bjlOOTi (c)Ari (d)^ 

(e)iori , 

3. Which one of the following aqueous solutions will exhibit 

highest boiling point? ,(DPMT2009) 

(a) 0.1 M KNO 3 (b) 0.1 M Na 3 P 04 

(c) 0 . 1 M BaCl 2 (d) 0 . 1 M K 2 SO 4 

4. A solution containing 10 g per dm^ of urea (molecular mass 
= 60 g mor') is isotonic with a 5% solution of a non-volatile 
solute. The molecular mass of this non-volatile solute is: 

(AIIMS2007) 

(a) 300 g mop' (b)350 gmor’ 

(c) 200 g mor’ (d)250g mor’ 

5. The molarity of 5 molal aqueous solution of NaOH having 
density 1.2 g/ cc is: 

(a)5M (b) 4.1M (c) 6 M (d) 8 .M 

6 . The value of osmotic pressure does not depend on: 

(a) concentration of solution 

(b) van’t Hoff factor 

(c) temperature 

(d) structure of solute particles 

7. Henry’s law constants for O 2 and N 2 are: 

ylo 3 =3.3 X 10^A:J^^ =6.51 X lO’ 

Xq 

Calculate the ratio of —the ratio of mole fractions of 

- 

O 2 and Nj dissolved in water at 25° C from air: 

(a) 0.62 (b)0.92 (c)0.42 (d)0.52 

8 . The molal lowering of vapour pressure of water at 100° C is: 

(a) 13.68 mm (b)46mm 

(c)-65 mm (d) 13.68 cm 

9. USP ethanol in aqueous solution in containing 95% ethanol by 
volume. At 20° C, pure ethanol has a density of 0.789 g/mL 
and USP ethanol density 0.813 g/mL. What is the mass 
percentage of ethanol in USP ethanol? 

(a) 46% (b)90% (c) 86 % {d)92.3% . 


10. A solution of 7.45 g KCl in 1000 mL shows osmotic pressure 
of 4.68 atm at 300K. Calculate the percentage dissociation of 
KCl: 

(a) 70% (b)80% (c)90% (d) 10% 

11. The mass of glucose that should be dissolved in 50g of water 

in order to produce same lowering of vapour pressure as is 
produced by dissolving 1 g of urea in the same quantity of 
water is: [MGIMS (Wardha) 2008] 

(a)lg (b)3g (c) 6 g (d)18g 

12. Consider the following aqueous solutions and assume 100% 
ionisation in electrolytes: 

I. 0.1 m urea H. 0.04 m Al 2 (S 04 

m 0.05 m CaCl 2 IV. 0.005 m NaCl 

The correct statement regarding the above solutions is : 

[BHU (Mains) 2008] 

(a) freezing point will be lowest for solution I 

(b) freezing point will be highest for solution IV 

(c) boiling point will be highest for solution IV 

(d) Vapour pressure will be highest for solution II 

SECTION-II 

Multiple Answers Type Objective Questions 

13. K 2 Hgl 4 is 50% ionised in aqueous solution. Which of the 
following are correct? 

(a)n = 7 (b)n = 3 (c)i = 2 (d)f = 4 

14. Henry’s law is invalid for gases like...... 

(a)C 02 (b)S 02 (c)HCr ^ . (d)N 2 

15. The azeotropic mixture of two liquids: 

(a) boils at constant temperature 

(b) can be separated by simple distillation 

(c) is super saturated 

(d) deviates from Raoult’s law 

16. Cryoscopic constant of a liquid depends on: 

(a) the latent heat of fusion of solvent 

(b) the freezing point of solvent 

(c) the concentration of solution 

(d) the melting point of solute 

17. Which of the following is/are influenced by the temperature? 

(a) Freezing point (b) Boiling point 

(c) Vapour pressure (d) Osmotic pressure 

SECTION-HI 

Assertion-Reason Type Questions 

This section contains 5 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement- 1 . 
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(b) Statement-1 is true; statement-2 is trae; statement-2 is not 
a correct explanation for statement-!. 

(c) Statement-1 is true; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 

18, Statemenl-1*. Solubility of ionic compounds in water depends 
on both the lattice energy and the hydration energy. 

Because 

Statement-!: Ionic compounds dissolve in water when their 
hydration energy exceeds the lattice energy. 

19, Statement-1: Isotonic solutions have same molar 
concentration. 

. Because 

Statement-2: Solutions which have same osmotic pressure at 
same temperature are known as isotonic solutions. 

[Hint; It is not necessary that solutions at same molar 
concentration have same osmotic pressure, eg., 

Jt(0.1M NaCl) > n(0.1 M glucose) because NaCl is ionised] 

20, Statement-1: The vapour pressure of 0.1 M Hg 2 Cl 2 is equal 
to 0.1 M AlClj solution. 

Because 

Statement-2: 0.1 Af AICI 3 and 0.1 M Hg 2 Cl 2 give different 
numbers of ions in a solution. 

21, Statement-1: Elevation in boiling point will be high if the 
molal elevation constant of solvent is high. 

Because 

Statement-2: Elevation in boiling point is a colligative 
property. 

22, Statement-1: Ethylene glycol is used as antifreeze for the 
radiator of a car. 

Because 

Statement-2; Ethylene glycol dissolves in water with the help 
of hydrogen bond and it lowers the freezing point. 

SECTION-JV 

Matfix-Mabdiing Ti^pe Questions 

This section contains 3 questions. Each question contains 
statements given in two columns which have to be matched. 


Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s), (b-q,r), (c-p,q) and (d-s), 
then correct bubbled 4x4 matrix should be as follows; 


p q r s 



23. Match the Column-I with Colunm II: 

CoIumn-I Column-II 

(a) CCI 4 + CHCI 3 (p) Raoult’s law 
(b.) CgHg + H 2 O (q) .Nearly ideal solution 

(c) 0 = X 4 (r) Negative deviation from Raoult’s law 

(d) p^ < p\xji ( s ) Positive deviation from Raoult’s law 

24. Match the Column-I with Column II: 

Column-I Column-II 


(Species completely ionised) 

1 (van’t Hoff factor) 

(a)Hg 2 Cl 2 

(P)5 

(b)K 3 [Fe(CN) 6 ] 

(q)4 

(c)Ca 3 (P 04)2 

(r) 1 

(d) glucose 

(s)3 

Match the Colimm-I with Column 11; 

Column-I 

Column-II 

(a) Mole fraction 

(p) mol kg"' 

(b) Molality 

(q) Depends on temperature 

(c) Molarity 

(r) Unitless 

(d) Normality 

(s) Independent of temperature 



1 , (a) 

. 2 . (c) . 

3. (b) 

4. (a) 

5. (a) 

6 . (d) 

7. (d) 

8 . (a) 

% (d) 

10 . (c) 

11 , (b) 

12 . (b) 

13. (b,c) 

14. (a, b, c) 

15. (a, d) 

16. (a,b) 

il. (c,d) 

18. (a) 

19. (d) 

20 . (d) 

21 . (b) 

22 . (a) 

23. (a-q) (b-s) (c-p, q) (d-r) 


14. (a-s) (b-q) (c-p) (d-r) 25. (a-r,s) (b-p,s) (c-q) (d-q) 





6.1 INTRODUCTION 

The foundation of colloid chemistry was laid down by ah English 
scientist, Thomas-Graham, in 1861. The credit for the various 
advances in this field goes to eminent scientists like lyndall. 
Hardy, Zsigmondy, N.R. Dhar, S.S. Bhatnagar and others. 

Thomas Graham classified the soluble substances into two 
categories depending upon the rate of their diffusion through 
animal and vegetable membranes or parchment paper. He 
observed that certain substances diffuse freely through the 
membrane, whereas others do not diffuse. The former type of 
substances on account of their crystalline nature like common 
salt, sugar, urea, etc., were named crystalloids while the second 
type of substances were termed as coDoids (Greek word, Kolia, 
meaning glue-like). All inorganic acids, bases and salts and 
organic compounds such as sugar, urea, etc., were included in 
crystalloids while substances such as starch, gelatin, gums, silicic 
acid, etc., belonged to the colloidal group. 


It was soon realised that the above classification was not 
perfect since many crystalline substances can be converted into 
colloidal form by suitable means. The colloidal form of sodium 
chloride, a crystalloid, can be obtained in benzene. Silver, copper, 
gold, etc,, which are completely insoluble in water, can be 
transformed into colloidal state by suitable methods. X-ray 
examination of certain colloids like glue and gelatin revealed that 
these were crystalline in nature. Thus, the above classification 
was discarded, i.e., the term colloid does not apply to a 
particular class of substances but is a state of matter like 
solid, liquid and gas. Any substance can be brought into 
coUoidal state by suitable means. 

6.2 PARTICLE SIZE AND COLLOIDAL 
STATE 

The colloidal state depends on the particle size. It is regarded as 
intermediate state between true solution and suspension. In 


Ihble 6.1 Compartson of Suspen^ns, Colloids and Tlrue Solutions 


Sd<io. 



ConoM 

IhKSdtatim 

1. 

Particle size 

> 10”^ cm or 10^ A or 100 mp. 

10 “’ cm to 10'* cm or 10 A to 10* A 
or 1 mp to 100 mp 

< 10'* cm or 10 A or 1 mp 

2. 

Visibility 

Visible with naked eye 

Visible with ultramicroscope 

Not visible with any of the optical 





means 

3. 

Separation 

(a) with filter paper 

Possible 

Not possible 

Not possible 


(b) with membranes 

Possible 

Possible 

Not possible 

4. 

Diffusion 

Does not diifuse 

Difinses very slowly 

Diffuses rapidly 

5. 

Settling 

Settles under gravity 

Does not settle but it may settle under 
centrifuge 

Does not settle 

6. 

Nature 

Heterogeneous 

Heterogeneous 

Homogeneous 

7. 

Appearance 

Opaque 

Generally clear 

Clear 
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trae solutions, the size of the particles of solute is very small and, 
thus, these canhot be detected by any optical mean^ and freely 
diffuse through membranes while iif suspensions the' size of the 
particles is large enough and, thup, cin be seen even by naked eye 
and do not pass through filter paper. 

True solutions are homogeneous systems while suspensions 
are heterogeneous. Thesb are two extreme systems and the 
colloidal state is an intermediate between the two. If we start with 
particles of large size (suspension) and go on subdividing them 
till we reach the size of particles found in solution, there is 
continuous change in the characteristics. During transition, the 
mixture passes through an intermediate state which shares the 
characteristics of both. This has been shown in Fig. 6.1. 


100 m|i— 1mg 


10-^-1 crScm ‘ 

'irMo-’crn 

10-7-10-Scm 

Suspension 

Colloidal solution 

Taie soiution 

oooooo 

ooooooooo 

OOOOOOOOO ^ 

oo oo oo 

oooooo ooo 

ooooooooo 


10®A —10A 



Fig. 6.1 

A system is said to be in colloidal state if particles of one or 
more components have the size range* 10 A to 10^ A. 
However, it is not possible to draw a sharp line of demarcation 
between colloidal state and suspension. The properties of one 
gradually appear into those of the other. Roughly speaking, the 
colloidal state is a heterogeneous disper^on of solute particles 
of size ranging between 10 A to 10* A into a solvent. 

Some properties of the three systems (suspension colloids and 
true solutions) are summarized in table 6 . 1 . 

TYPES OF COLLOrPAL SOLUTIONS 

The colloidal solutions consist of two-phases, one of which is 
dispersed in the other, This is called dispersed phase, the 
internal phase or the discontinuous phase. The phase in which 
the dispersion is done is termed dispersion phase, the external 


phase or the continuous phase. This phase forms the larger part 
of the icolloidal solution. Depending upon the physical state of 
dispersed and dispersion phases, the types of colloidal solutions 
given in table 6.2 are possible. 

A colloidal solution of gas in gas is not possible as gffies are 
completely miscible and always form trae solutions. 

Lyophobic and Lyophilic Colloids 

Colloidal solutions in which the dispersed-phase bas veiy little 
affinity for the dispersion phase are termed as lybphobic (solvent 
hating) colloids. These are also termed suspensoids. Colloidal 
solutions of metals which have negligible affinity for solvents are 
examples of this type. Generally, lyophobic sols are less stable. 
On evaporation of solvent, the residue cannot be easily 
transformed back into colloidal state by ordinary means. 
Lyophobic colloids are, therefore, also called irreversible 
colloids. 


Table 6.2 


S. No. 

Dispersed 

phase 

(CoUoidal 

particles) 

Dispersion 

phase 

(Solvent) 

Name 

Examples - 

1. 

Gas 

Liquid 

Foam 

Froths of air 

2. . 

Gas 

Solid ' 

Solid foam 

Pumice stone, 
dried sea foam 

3. 

Liquid 

Gas 

Liquid 

aerosol 

Cloud, mist 

4. 

Liquid 

Liquid 

Emulsion 

MiUc; cream 

5. 

Liquid 

Solid 

Gel 

Jellies, curd, cheese 

6 . 

Solid 

Gas 

Aerosol 

Smoke, haze 

7. 

Solid 

Liquid 

Sol 

Goldsol, sulphursol 

8. 

Solid 

Solid 

Solid-sol 

Ruby glass^ minerals, 

, getns 


Colloidal solutions in which the dispersed phase has 
considerable affinity for the dispersion phase, j.e, colloidal 
solution, can be prepared by bringing them together, are called 
lyophilic (solvent loving) colloids. These are also known as 


Table 63 Comparison of Lyophobic and Lyophilic Sols 


S.No. 

Property 

Lyophobic sols (SvspeDMid) 

Lyophilic sols (Emulsoid) 

i. 

Preparation 

Caiinot be easily prepared. Special methods 
are required for preparation. 

Can easily be prepared by shaking or warming 
the substance with solvent. 

2 . 

Stability 

Are less stable. 

Are more stable. 

3. 

Reversibility 

Are irreversible. 

Are reversible. 

4. 

Viscosity 

Viscosity is nearly the same as that of solvent. 

Viscosity is much higher than that of solvent. 

.5. 

Surface tension 

Surface tension is almost the same as that of 
the solvent. 

Surface tension is usually low. 

6 . 

Hydration or solvation 

These are less solvated as the particles have less 
affinity for solvent. 

These are highly solvated as the particles have 
great affinity for solvent. 

7. 

Charge 

The particles carry a characteristic charge either 
positive or negative. 

The particles have little or no charge at all. 

8 . 

Visibility 

Particles can be seen under microscope. 

Particles cannot be seen under microscope. 

9. 

Coagulation 

Easily coagulated by addition of electrolytes. 

Caimot be easily coagulated. 


* 1 A (Angstrom unit) = 10 ^ cm = 10 ’ mm = 0.1 mp (millimicron) 
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emulsoids. Gelatin, proteins, sterch, etc., are the examples of this j 
type. Colloidal solutions of this type are more stable and are also I 
known as reversible colloids since the residue left on evaporation \ 
can be readily transformed back into colloidal state simply by j 
adding solvent. When the dispersion medium is water, the above i 
colloidal solutions a^e termed as hydrophobic and hydrophilic. ' 
(For comparison, seellable 6.3) , 

The colloidal solptions are al^o named according toi the ' 
dispersion phase or medium used.^ The colloidal solutions in * 
alcohol and benzene are known as alcofols and benzosols 
respectively. The colloidal solutions' where Water is used as the 
■dispersion medium are called Aydroswis oriOf«aso/!s. 

Note: Colloidal solutions of solids in liqui« abbrevilpted as sols. 

6.4 PREPARATION OF COLLOIDALj 
SOLUTIONS 

I ; 

1. Preparation of lyophilic sols: ilhe cplloidal solutions of 
lyophilic colloids like starch, glue, gelatin, I,etc., can be readily 
prepared by dissolving these substances in v^ter either in cold or 
on warming. Solutions of colloidal electrolytes such as soaps and 
dye stuffs can also be prepared similarly. 

2. Preparation of lyophobic sols: To get a substance in 
colloidal form either the substance in bulk is broken down into 
fine particles of colloidal dimension (1 A to 10 ^ A) or increasing 
the size of molecular particles as to form larger aggregates. In 
some cases, a third substance is usually added to increase the 
stability of the sol. These substances are called stabilizers. Thus, 
there are two ways by which the lyophobic sols can be prepared: 

(i) Dispersion methods: By splitting coarse aggregates of 
a substance into colloidal size. 

(ii) Condensation methods: By aggregating very small 
particles (atoms, ions or molecules) into colloidal size. 


Table 6.4 


S.No. 

Dispersion methods 

Condensation methods 

1 . 

Mechanical dispersion 

Exchange of solvents 

2 . 

Electro-dispersion 

Change of physical state 

3. 

Ultrasonic dispersion 

Chemical methods; 

4. 

Peptization 

(i) Double decomposition 

(ii) Oxidation 
(ill) Reduction 
(iv) Hydrolysis 


Dispersion Methods 

1. Mechanical dispersion: Solid material is fiist finely 
ground by usual methods. It is then mixed with dispersion medium 
which ^ves a coarse suspension. The suspension is now 
introduced into the colloid mill. The simplest form of colloid mill 
consists of two metal discs held at a small distance apart from one 
another and capable of revolving at a very high speed (about 7000 
revolutions per minute) in opposite directions. The particles are 
ground down to colloidal size and are then dispersed in the liquid. 
A stabilizer is often added to stabilize the colloidal solution. 
Colloidal graphite (a lubricant) and printing ink are made by this 
method. Tannin is used as a stabilizer in the preparation of 


Suspension 



colloidal graphite and gum arabic in lampblack colloidal solution 
(Indian ink). 

2. Electro-dispersion (Bredig’s arc method): This method is 
suitable for the preparation of colloidal solutions of metals like 
gold, silver, platinum, etc. An arc is struck between the metal 
electrodes tmder the surface of water containing some stabilizing 



agents such as a trace of KOH. The water is cooled by immersing 
the container in an ice bath. The intense heat of the arc vaporises 
some of the metal which condenses under cold water. 

Note: i. This method is not suitable when the dispersion medium 

is an organic liquid as considerable charting occurs. 

2. This method comprises both dispersion and condensation. 

3. Ultrasonic dispersion: The sound waves of high 
frequency are usually called ultrasonic waves. These waves can 
be produced when quartz crystal discs are connected with a high 
frequency generator. The application of ultrasonic waves for the 
preparation of colloidal solutions was first introduced by Wood 
and Loomis, in 1927. Various substances like oils, mercury, 
sulphur, sulphides and oxides of metals can be dispersed into 
colloidal state very easily with the help of ultrasonic waves. 

4. Peptization: The dispersion of a freshly precipitated 
material into colloidal solution by the action of an electrol 5 rte in 
solution is termed peptization. The electrolyte used is called a 
peptizing agent. 

A few examples of sols obtained by peptization are: 

(i) Freshly prepared ferric hydroxide on treatment with a 
small amoimt of ferric chloride solution at once forms a dark 
reddish brown solution. Ferric chloride acts as a peptizing agent. 

(ii) Freshly prepared stannic oxide on treatment with a small 
amount , of dilute hydrochloric acid forms a stable colloidal 
solution of stannic oxide. 

(iii) Freshly precipitated silver chloric can be converted into a 
colloidal solution by adding a small amount of hydrochloric acid. 
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(iv) Cadmium sulphide can be peptized with the help of 
hydrogen sulphide. 

The process of peptization thus involves the adsorption of 
suitable ions (supplied by the electrolyte added—^particularly a 
common ion) and electrically charge particles then split from 
the precipitate as colloidal particles. 

Condensation Methods 


Organic reducing agents such as formaldehyde, phenyl 
hydrazine, tannic acid, etc., can also be used. 

AgNOj + tannic acid-> Silver sol 

AUCI 3 + tannic acid-> Gold sol 

(d) Hydrolysis: Colloidal solutions of some salts can be 
prepared by hydrolysis. A colloidal solution of ferric hydroxide is 
obtained by boiling a dilute solution of ferric chloride. 


1. By exchange of solvents: If a solution of sulphur or 
phosphorus prepared in alcohol is poured into water, a colloidal 
solution of sulphur or phosphorus is obtained due to low 
solubility in water. Thus, there are a number of substances whose 
colloidal solutions can. be prepared by taking a solution of the 
substance in one solvent and pouring it into another solvent in 
which the substance is relatively less soluble. 

2. By change of physical state: Colloidal solutions of 
certain elements such as mercury and sulphur are obtained by 
passing their vapour through cold water containing a stabilizer 
(an ammonium salt or a citrate). 

3. Chemical methods: The chemical methods involve 
chemical reactions in a medium in which the dispersed phase is 
sparingly soluble. A condition of supersaturation is produced but 
the actual precipitation is avoided. Some familiar reactions used 
are: 

(a) Double decomposition: (i) Arsenious sulphide sol: A 
1% solution of arsenious oxide is prepared in hot water. The 
solution is cooled, filtered and is then gradually added to water 
saturated with hydrogen sulphide, whilst a stream of HjS is being 
passed through the solution. This is continued till an intense 
yellow-coloured solution is obtained. Excess of H 2 S is removed 
by bubbling hydrogen through the solution. 

AS 2 O 3 + 3 H 2 S- > AS 2 S 3 + 3 H 2 O 

Yellow ml 

(ii) Antimony sulphide sol: A 0.5% solution of potassium 
antimonyl tartarate is added drop by drop to water saturated with 
H 2 S, whilst H 2 S is being passed through the solution. Orange 
coloured solution of antimony sulphide is obtained. 

CH(OH)COOK CH(OH)COOK 

2 1 +3H2S- >2 I 

CH(OH)COO(SbO) CH{OH)COOH 

+ Sb2S3 + 2 H 2 O 

Orange sol 

(b) Oxidation: A colloidal solution of sulphur is obtained 
by passing H 2 S into a solution of sulphur dioxide. 

2 H 2 S + SO 2 -> 2 H 2 O + 3S 

Sol 

Sulphur sol can also be obtained when H 2 S is bubbled through 
an oxidising agent (bromine water or nitric acid). 

(c) Reduction: Colloidal solutions of metals like gold, 
silver, platinum, lead, etc., can be obtained when their salts 
solutions are acted upon by reducing agents. 

2 AUCI 3 + 3 SnCl 2 -> 3 SnCl 4 +2Au 


FeCl 3 + SHjO-> Fe(OH) 3 + 3HC1 

Red sol 

The colloidal solution of silicic acid is also obtained by 
hydrolysis of dilute solution of sodium silicate with 4iY 
hydrochloric acid which is added drop by drop with constant 
stirring. 


6.5 PURIFICATION OF COLLOIDAL 
SOLUTIONS 

Colloidal solutions prepared by above methods generally contain 
excessive amount of electrolytes and some other soluble 
impurities. The presence of traces of electrolyte is essential for 
the stability of the colloidal solution but larger quantities 
coagulate it. It is, therefore, necessary to reduce the concentration 
of these soluble impurities to a requisite minimum. The process 
used for reducing these impurities to a requisite minimum is 
known as purification of colloidal solution. The purification of 
colloidal solution is carried out by the following methods: 

(i) Dialysis*: It is a process of removing a dissolved 
substance from a colloidal solution by means of diffiision 
through suitable membrane. Since, particles in tme solution (ions 
or smaller molecules) can pass through animal membranes 
(bladder) or parchment paper or cellophane sheet but colloidal 
particles do not, the above can be used for dialysis. The apparatus 
used for this purpose is called dialyser. A bag of suitable 
membrane containing the colloidal solution is suspended in a 
vessel through which fresh water is continuously flown 
(Fig. 6.4). The molecules and ions diffuse through the membrane 
into the outer water and pure colloidal solution is left behind. 



Dialysing membrane 


Water + Crystalloid 

Crystalloid 
Sol particle 


(Ii) Electro-dialysis: Ordinarily, the process of dialysis is 
quite slow. It can be made faster by applying an electric field if 
the dissolved substance in the impure colloidal solution is only 
electrolyte. The process is then named electro-dialysis. The 
colloidal solution is placed between two electrodes while pure 
water is taken in a compartment on each side. Electrodes are 
fitted in the compartment as shown in Fig. 6.5. The ions present 


*=Blood is a colloidal solution. In case of kidney failure, blood cannot be purified. Under such condition, the blood is separated from dissolved toxic 
impurities by dialysis and le-introduced in the blood stream. 
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in the colloidal solution migrate out to the oppositely charged 
electrodes. 



(iii) Ultrafiltration; Ultrafiltration is the process of 
separating the colloidal particles from the solvent and soluble 
solutes present in the colloidal solution by especially prepared 
filters, which are permeable to all substances except the colloidal 
particles. 

Colloidal particles can pass through ordinary filter paper 
because the pores are too large. However, the pores of filter paper 
can be reduced in size by impregnating with colloidion solution 
and subsequently hardened by soaking in formaldehyde. The 
usual colloidion is a 4% solution of nitro-cellulose in a mixture of 
alcohol and ether. An ultra-filter paper may be prepared by 
soaking the filter paper in a colloidion solution and hardened by 
formaldehyde and finally drying it. Thus, by using ultra-filter 
paper, the colloidal particles are separated from rest of the 
materials. Ultrafiltration is a slow process. To speed up the 
process, pressure or suction is used. 

The colloidal particles left on the ultra-filter paper are then 
stirred with fresh dispersion medium (solvent) to get a pure 
colloidal solution. 



PROPERTIES OF COLLOIDAL SOLUTION 


1. Heterogeneous character: Colloidal solutions are 
heterogeneous in character as they consist of two phases: 
(a) dispersed phase and (b) dispersion medium. 

2. Visibility: It is not possible to see colloidal particles with 
naked eye or with the help of microscope. It is a well known fact 
that no particle is visible if its diameter is less than half the 
wavelength of the light used. The shortest wavelength of the 
visible light is about 4000 A or 400 mp. Hence, no particle of 
diameter less than 200 np can be seen. The size of colloidal 
particles is less than 200 mp. 

Recently, three new techniques have been developed to 
determine the size and shape of the colloidal particles. These are: 

(i) Scanning electron microscope (SEM). 

(ii) Transmission electron microscope (TEM). 

(iii) Scanning transmission electron microscope (STEM). 

3. Filtrability: Colloidal particles pass through an ordinary 
filter paper. However, the particles do not pass through 
parchment and other fine membranes. 

4. Surface tension and viscosity: The surface tension and 
viscosity of lyophobic sols are not very different from those of 
the dispersion medium. On the other hand, lyophilic sols show 


395^ 

higher viscosity and lower surface tension in comparison to the 
dispersion medium. 

5. Colligative properties: Colloidal particles are bigger 
aggregates. Thus, the number of particles ifi the colloidal solution 
is comparatively small as compared to true solution and hence, 
the values of colligative properties (osmotic pressure, lowering in , 
vapour pressure, depression in freezing point and elevation in 
boiling point) are of small order as compared to values shown by 
true solutions at same concentrations. 

6. Tyndall effect: If a heterogeneous solution placed in 
dark is observed in the direction of light, it appears clear and if it 
is observed from a direction at right angles to the direction of 
light beam, it appears perfectly dark. Colloidal solutions show a 
mild to strong opalescence, when viewed at right angles to the 
path of light, i. e., the path of the beam is illuminated by a bluish 
light. This effect was first observed by Faraday and later studied 
in detail by Tyndall and is termed as lyndall effect. The bright 
cone of the light is called Tyndall cone (Fig. 6.6). The Tyndall 
effect is due to the fact that colloidal particles absorb light energy 
and then scatter in all directions in space. This scattering of light 
illuminates the path of beam in the colloidal dispersion. 



Tyndall effect can be observed during the projection of picture 
in the cinema hall due to scattering of light by dust and smoke 
particles present there. Tyndall effect is observed only when the 
following two conditions are satisfied: 

(i) The diameter of the dispersed particles is not much smaller 
than the wavelength of the light used; and 

(ii) The refractive indices of the dispersed phase and the 
disperaon medium must differ greatly in magnitude. This 
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condition is satisfied by lyophobic sols. The lyophilic sols show 
little or no Tyndall effect as there is very small difference in the 
refractive indices of the dispersed phase and the dispersion 
medium. 

Some examples of Tyndall effects are: 

(i) Blue colour o^sky and seawater 

(ii) Visibility of tails of comets 

(iii) Twinkling of stars. 

Tyndall effect is used to distinguish between a colloidal and 
true solution. Zsigmondy, in 1903, used Tyndall effect to set up 
an apparatus known as ultramicroscope. An intense beam of 
light is focussed on the colloidal solution contained in a glass 
vessel. The focus of the light is then observed with a ihicroscope 
at right angles to the beam. Individual colloidal particles appear 
as bright stars against a dark background. Ultramicroscope does 
not render visible the actual colloidal particles but only the light 
scattered by them. Thus, ultraniicroscope does not provide any 
information about the size and shape of colloidal particles. 

7. Colour: The colour of colloidal solution depends on the 
wavelength of light scattered by the dispersed particles.. The 
wavelength of light further depends on the size and nature of the 
particles. The colour of colloidal solution also changes with the 
way the observer receives the light. For example, milk and water 
mixture appeam blue when viewed by the reflected light and 
looks red by the transmitted light Finest gold sol is red in colour. 
As size of the particles increases, it becomes purple, then blue 
and finally golden yellow.; 

8 . Brownian movement: When colloidal solutions are 
viewed under a powerful ultramicroscope, the colloidal particles 
appear to be in a state of continuous motion in zig-zag directions 
all over the field of view. This motion was first observed by the 



Fig. 6.8 


British botanist Robert Brown and hence is known as Brownian 
movement (Fig. 6 . 8 ). This motion is independent of the nature of 
the colloid but depends on the size of the particles arid the 
viscosity of solution. Smaller the size and lesser the viscosity, 
faster is the motion. The motion becomes intense at high 
temperature. The distance between two points decreases at 
elevated temperature. 

The Brownian movement has been explained to be due to the 
unbalanced bombardment of the particles by the molecules of the 
dispersion medium. The Brownian movement has a stirring effect 
which does not permit the particles to settle and thus, is 
responsible for the stability of sols, 

9. Charge on colloidal particles: Colloidal particles 
always carry an electric charge. This charge is of the same type 
on all the particles in a given colloidal solution and may be either 


positive or negative. A list of some common sols with the type of 
charge on their particles is given in table 6.5. 


Table 6.5 


S. No. Positively charged 

Negatively charged 

1 . 

Metallic • hydroxides, eg., 
Cr(OH) 3 , Al(OH)j and 
Fe(OH )3 sols. 

Metals, eg., copper, silver, 
gold-sols. 

' 2. 

Basic dyestuffs, eg., methyl¬ 
ene blue sol. 

Metallic sulphides, eg.AsjSj, 
ShzSj, CdS sols. 

3. 

Proteins in acidic medium. 

Acid dyestuffs, j eg.,, eosin, 
Congo red-sols, j 

4. 

Oxides, eg.,Ti02 sol. 

Sols of starch, ^un, gelatin, 
clay, charcoal, etc.; 


The charge on the sol particles is due to one or more of the 
following reasons: 

(i) Due to the presence of acidic or basic groups: A protein 
molecule has a carboxylic group and a basic NH 2 group. The 
particles of proteins in sols can either have positive charge or 
negative charge depending upon the pH of the medium. 

•/NH 2 ■ . 

CHaC + HC1^->CH2< ; + CU , 

^COOH "COOH, ' medium) 

Glycine Positively charged' 


CH 2 <f +NaOH- 

^COOH 

Glycine 


■ ■ .NH 2 r ...... 

CH,/ +Na* 

■Ncoo^ : ■ 

Negatively charged' 


+ H 2 P 


(alkaline iriedium) 

Isoelectric point of a colloid: In case of colloidal solution 
proteins, the nature of charge depends on the pH of the solution 
called isoelectric point Above, this pH, the particles are 
negatively charged and below this pH, they have positive charge. 
At isoelectric point, colloidal particles exist in the form of Zwitter 
ion hence they do not migrate under the influence of external 
electric field. 

Examples: Colloidal sol Isoelectric pH 

Haemoglobin 4.3—5.3 

Casein from human milk 4.1—4.7 

Gelatin 4.7 

(ii) Due to self-dissociation: When colloidal particles such 
as soaps or detergents are dissolved in water, ionised molecules 
associate to form a micelle. The outer surface will be thus 
charged depending on the charge of the ions from which it is 
formed. Thus, sodium palmitate solution will have negative 
charge on its sol particles. 

C,5H3,COONa—^CisHjiCOO' -pNa-" 

Sodium pairaitate 


(iii) Due to electron capture by sol particles: eg., during 
electro-dispersion of metals. 

(iv) Due to preferential adsorption of ions: This is the 
most accepted view. The sol particles acquire positive or negative 
charge by preferential adsorption of +ve or -ve ions. When two 
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or more ions are present in the dispersion medium, 
preferential adsorption of the ion common to the coUoidal 
particle usually takes place. This can be explained by taking the 
following examples; 

(a) If silver nitrate solution is added to potassiiun iodide 
solution, the precipitated silver iodide will adsorb iodide ions 
from the dispersion medium and negatively charged colloidal 
solution will result. However, when KI solution is added to 
AgNOj solution, positively charged sol will result due to 
adsorption of Ag^ ions from dispersion medium. 

Agl/r Agl/Ag^ 

Negatively char^ Positively charged 

(b) If FeClj is added to excess of hot water, a positively 
charged sol of ferric hydroxide is formed due to adsorption of 
Fe^'^ ions. 

Fe(OH) 3 /Fe^"^ 

Positively charged 

However, when ferric chloride is added to NaOH a negatively 
charged sol is obtained with adsorption of OH " ions. 

Fe(OH)3/OH“ 

Sn 02 is positively charged colloidal sol due to adsorption of 
Sn'*'" ions. 

Sn02 +4H^->Sn^-" + 2 H 2 O 

SnOj + Sn -> [Sn02 ]Sn 

Positive colloid 

On the other hand in alkaline medium, SnOj forms negatively 
charged colloidal sol due to adsorption of SnO^” ions formed. 

Sn02 + 20H--—^SnO^'+HjO 

Sn02 +SnO|“ ——^[SnOjlSnOj' 

Negative colloid 

Electrical double layer: The surface of a colloidal particle 
acquires a positive or a negative charge by selective adsorption 
of ions carrying positive or negative charge respectively ^ stated 
above. This layer attracts cotmter ions from the medium which 
form a second layer. 

Agl/riK"' AgI/Ag-"ir 

The combination of the two layers of opposite charges around 
the colloidal particle is called Helmholtz electrical double layer. 
According to modem views, the first layer of ions is firmly held 
and is termed fixed layer while the second layer is mobile which 
is termed diffused layer. Since, separation of charge is a seat of 
potential, the charges of opposite signs on the fixed and diffused 
parts of the double layer results in a difference in potential 
between these layers. This potential difference between the fixed 
charged layer and the diffused layer of opposite charge is called 
the electrokinetic potential or zeta potential. 



Fixed Diffused 

layer layer, 


. Awnu 
D 

where, T] = Coefficient of viscosity 

u = Velocity of colloidal particles 
D = Dielectric constant of the medium 

The presence of equal and similar charges on colloidal 
particles is largely responsible in providing stabiUty to the 
colloidal solution because the forces of repulsion exist between 
same charged particles which prevent them from coalescing or. 
aggregating when they come closer, to one another. 

10. Electrophoresis; When electric potential is applied 
across two platinum electrodes dipping in a colloidal solution, the 
colloidal particles move towards one or the other electrode. This 
movement of colloidal particles under an applied electric field is 
called electrophoresis. Positively charged particles move 
towards the cathode while negatively charged particles move 
towards anode. This can be demonstrated by the following 
experiment: 

The apparatus consists of a U-tube provided with a stopcock 
through which it is connected to a fiumel-shaped reservoir 
(Fig. 6.9). A small amount of water is first taken in the U-tube 
and then a requisite quantity of colloidal solution is placed in the 


Reservoir 



Fig. 6.9 

reservoir. The stopcock is slightly opened and the reservoir is 
gradually raised as to introduce the colloidal solution into the 
U-tube. The water is displaced upwards producing, a sharp 
boundary line in each arm. The platinum electrodes are fitted in 
the water layer and a voltage of 50 to 200 volts is applied. The 
movement of the particles can be observed towards one of the 
electrodes by seeing the position of boundary. When the colloidal 
particles are negatively charged, the boundary moves down in the 
cathodic arm and moves upwards in the anodic aim showing that 
particles move towards anode. It is, thus, possible to ascertain the 
charge on particles by noting the movement of boundary. 

When electrophoresis, i. e ., movement of particles is prevented 
by some suitable means, it is observed that the dispersion 
medium begins to move in an electric field. This phenomenon is 
termed electro-osmosis. 
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Summary of Electrokinetic Phenomena 


Motion Causing Potential: 

Sedimentation Potential 

Streaming Potential 

Medium rests but dispersed 
particles move. 

Medium moves but dispersed 
particles rest. 

Potential Causing Motion : 


Electrophoresis 

Electro-osmosis 

Medium rests but dispersed 
particles move. 

Medium moves but dispersed 
particles rest. 


11. Coagulation or precipitation: The stabiliiy of the 
lyophobic sols is due to the presence of charge on colloidal 
particles. If, some how, the charge is removed, the particles will 
come nearer to each other and thus, aggregate or flocculate and 
settle down under the force of gravity. 

The flocculation and settling down of the colloidal particles is 
called coagulation or precipitation of the sol.' 

The coagulation of the lyophobic sols can be carried out by 
following methods: 

(i) By electrophoresis: In electrophoresis, the colloidal 
particles move towards oppositely charged electrode. When these 
come in contact with the electrode for long, these are discharged 
and precipitated. 

(ii) By mixing two oppositely charged sols: When 
oppositely charged sols are mixed in almost equal proportions, 
their charges are neutralised. Both sols may be partially or 
completely precipitated as the mixing of ferric hydroxide (+ve 
sol) and arsenious sulphide {-ve sol) bring them in precipitated 
form. This type of coagulation is called mutual coagulation or 
meteral coagulation. 

(iii) By boiling: When a sol is boiled, the adsorbed layer is 
disturbed due to increased collisions with the molecules of 
dispersion medium. This reduces the charge on the particles and 
ultimately they settle down to form a precipitate. 

(Iv) By persistent dialysis: On prolonged dialysis, the 
traces of the electrolyte present in the sol are removed almost 
completely and the colloids become unstable. 

(v) By addition of electrolytes: When excess of an 
electrolyte is added, the colloidal particles are precipitated. The 
reason is that colloidal particles take up ions carrying charge 
opposite to that present on themselves. This causes neutralisation 
leading to dieir coagulation. The ion responsible for 
neutralisation of charge on the particles is called the flocculating 
ion. A negative ion causes the precipitation of positively charged 
sol and vice-versa. 

It has been observed that, generally, the greater the valency 
of the flocculating ion added, the greater is its power to cause 
precipitation. This is known as Hardy-Schulze rule. In the 
coagulation of a negative sol, the flocculating power ofNa^, 
Ba ^'*' and Al^"^ ions is in the order of: 

; Al^-" >Ba^+>Na^ 

Similarly, in the coagulation of a positive sol, the flocculation 
power of Cl“, SO^, POj” and [Fe(CN) g is in the order of: 


[Fe(CN) 6 > PO^“ > SOf > Cr 

The minimum concentration of an electrolyte in miilimole 
per litre required to cause precipitation of a sol in 2 hours is 
called flocculation value. The smaller the flocculating value, the 
higher will be the coagulating power of an ion. 

Flocculation value of an ion depends on its charge : 

1 

Flocculation value «=-- where Z = charge of ion • 

(Zf 

Flocculation value of M“, ions lies in 

following ratio. 

1 . 1 . 1 , 1 
(1)® ■ (2)'■ (3)'■ (4)® 
1:0.0156:0.00137:0.00024 
100 : 1.56:0.137:0.024 

Coagulation of lyophilic sols: There are two factors which 
are responsible for the stability of lyophilic sols. These factors 
are the charge and solvation of the colloidal particles. When these 
two factors are removed, a lyophilic sol can be coagulated. This 
is done (i) by adding electrolyte and (ii) by adding suitable 
solvent. When solvents such as alcohol and acetone are added to 
hydrophilic sols, the dehydration of dispersed phase occurs. 
Under this condition, a small quantity of electrolyte can bring 
about coagulation. 

12. Protection of colloids: Lyophilic sols are more stable 
than lyophobic sols. This is due to the fact that lyophilic colloids 
are extensively solvated, i.e.,colloidal particles are covered by a 
sheath of the liquid in which they are dispersed. 

Lyophilic colloids have a unique property of protecting 
lyophobic colloids. When a lyophilic sol is added to the lyop¬ 
hobic sol, the lyophilic particles form a layer around lyophobic 
particles and thus, protect the latter from electrolytes. Lyophilic 
colloids used for this purpose are called protective colloids. 

The lyophilic colloids differ in their protective power. The 
protective power is measured in terms of Gold Number. This 
number was introduced by Zsigmondy and is defined as the 
number of milligrams of a lyophilic colloid that will just 
prevent the precipitation of 10 mL of a gold sol on the 
addition of 1 mL of 10% sodium chloride solution. 

The gold numbers of some of the common protective colloids 
are listed below: 


Table 6.6 


S,No. 

Protective Colloid 

Gold Number 

1 . 

Gelatin 

0.005-0.01 

2 . 

Haemoglobin 

’■"''0.03 

3. 

Gum arabic 

0.15 

4. 

Egg albumin 

0.08-0.10 

5.. 

Potato starch 

25 

6 . 

Sodium oleate 

0.4 

7. 

Gum tragacanth 

2 

8 . 

Starch 

25-50 
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Higher is the gold number, lower will be the protective power. 
Thus, gelatin and starch have the maximum and minimum 
protective powers. The use of protective colloids is widespread. 
Gelatin is added in the preparation of ice cream as protective 
agent to the colloidal particles of ice. Argyrol, used as eye drops, 
is a silver sol protected by organic material.' 

Some facts: 

(i) Blood is a colloidal solution, it is not coagulated by the 
electrolytes (NaCl, Ca 3 (P 04)2 etc.) present in blood itself 
because proteins present in blood act as protective colloid. 

(ii) Milk of human mother is better protected than cow’s and 
buffaloes milk. 

(Hi) The proteins which are not coagulated at their iso-electric 
pH are better protective colloid. 

(iv) Ageing : It is spontaneous destabilisation of colloidal 
solution. In this process, dispersed is separated from dispersion 
medium by itself, i.e., no artificial method is used. 

Congo Rubin Number 

Ostwald proposed that it is the amount of protective colloid in 
rag which prevents the colour change in 100 mL of 0.01 % Congo 
robin dye solution to which 0.16 g equivalent of KCl are added 
when observed after 10-15 min. 

13. ColUgative properties: The value of colligative 
properties are of very small order because they have very small 
van’t Hoff factor. 

nAs2S3 ^(As2S3)^ 
n = 1000 

van’t Hoff factor i ^ —!— 

1000 

Colligative properties are directly proportional to the van’t 
Hoff factor. 

6.7 EMULSIONS 

These aie liquid-liquid colloidal systems, i. e. , the dispersion of 
finely divided droplets in another liquid. If a mixture of two 
immiscible or partially miscible liquids is shaken, a coarse 
dispersion of one liquid in the other is obtained which is called 
emulsion. Generally, one of the two liquids is water. There are 
two types of emulsions: 

(i) Oil dispersed in water (OAV type), 

(ii) Water dispersed in oil (W/O type). 

In the first system, water acts as dispersion medium. Examples 
of this type of emulsions are milk and vanishing cream. In milk, 
liquid fat is dispersed in water. 

In the second system, oil acts as dispersion medium. Confmon 
examples of this type are butter and cream. 

Emulsions of oil and water are unstable and sometimes they 
separate into two layers on standing. For the stabilization of an 
emulsion, a third component called emulsifying agent is usually 
added. The emulsifying agents form an interfacial film between 
suspended particles and the medium. The principal agents for 
OfW emulsions are proteins, gums, natural and synthetic soaps, 
etc. For W/O emulsions, the principal emulsifying agents are 


heavy metal salts of fatty acids, long chain alcohols, lampblack, 
etc. 

Emulsions can be diluted with any amount of the dispersion 
medium. On the other hand, the dispersed liquid, when mixed, 
forms at once a separate layer. The droplets in emulsions are 
often negatively charged and can be precipitated by electrolytes. 
They also show Brownian movement and Tyndall effect. 
Emulsions can be broken into constituent liquids by heating, 
freezing, centrifuging, etc. 

Detection of emulsion: Following tests can be used to 
detect the type of emulsion: 

(i) Dye test: An oil soluble dye is shaken up with the 
emulsion and a drop is seen under microscope. If coloured drops 
are seen, the emulsion is water in oil type otherwise of oil in 
water type. 

(ii) Viscosity test: Water in oil type emulsion has greater 
viscosity than oil in water type emulsion. 

(Hi) Electrical conductivity test: Electrical conductivity of 
oil in water type emulsion is much greater tliaii water in oil type 
emulsion. If electrolyte like NaCl is added to oil in water type 
emulsion, its conductivity greatly increases. 

(iv) Spreading test: Water in oil type emulsion easily 
spread on the surface of an oil but not on the surface of water. 

(v) Dilution test: Oil in water type emulsion can easily be 
diluted with water. On the other hand water in oil type emulsion 
cannot be diluted with water. For example, railk-which is oil in 
water type emulsion can be diluted with water, but butter or milk 
cream which are water in oil type emulsion cannot be diluted with 
water. 

(vi) Coalescence: It is the phenomena of disappearance of the 
boundary between two particles (generally droplets or bubbles) 
in contact. Coalescence leads to the reduction of the total surface 
area. The flocculation of an emulsion, viz., the formation of 
aggregates, may be followed by coalescence. In extensive 
condition, the coalescence leads to the formation of a macrophase 
and emulsion is said to break. Coalescence of solid particles is 
called sintering. 

Isfc CLASSIFICATION OF COLLOIDS 

BASED ON THE TYPE OF PARTICLES 
OF DISPERSED PHASE 

Depending upon the type of particles of dispersed phase, colloids 
are classified as: 

(i) Multimolecular, (ii) Macromolecular, (iii) Associated 
colloids. 

(i) Multimolecular colloids: On dissolution, a large number 
of atoms or smaller molecules of a substance aggregate together 
to form species having size in colloidal dimension (diameter less 
than 1 nm). The species thus formed are called multimolecular 
colloids. For example: Gold sol, sulphur sol. In these colloids, the 
particles are held together by van der Waals’ forces. 

(ii) Macromolecular colloids: Macromolecular substances 
dissolve in suitable solvent to form solutions in which the size of 
macromolecules lie in colloidal dimension. These are called 
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macromolecular colloids and they are quite stable. For example: 
Starch, cellulose, proteins and enzymes, etc. 

(iii) Associated colloids: Substances whose molecules 
aggregate spontaneously in a given solvent to form particles of 
colloidal (toensions are called associated colloids. These 
substances which when dissolved in a medium at low 
concentrations behave as normal, strong electrolytes, but at 
higher concentrations they exhibit colloidal properties due to the 
formation of aggregated particles (also called associated 
colloids). The molecules of soaps and detergents are usually 
smaller than the colloidal particles. However, in concentrated 
solutions, these molecules associate and form aggregates of 
colloidal size. These aggregates of soaps or detergent molecules 
are called micelles. The formation of micelles takes place only 
above a particular concentration called critical micelle 
concentration (CMC). For soaps, the CMC is 10““* to 
rnolL"’. These colloids have both lyophobic and lyophilic 
parts. Micelles may contain the aggregate of (30- 100)molecules 
or more. Soaps and detergents are strong electrolytes and when 
dissolved in water they furnish ions. 

C^HasCOONa-» Ci7H35COO” + Na* 

Soap 



Fig. 6.10 

The negative ions aggregate^ to form a micelle of colloidal 
size. The negative ion has a long iydrocarbon chain and a polar 
group (—COO”) at one end. In micelle formation, the long 
hydrocarbon chain (tail) which is insoluble in water is directed 
towards the centre while the soluble polar head is on the surface 
in contact with water (Fig. 6.10). The charge on the micelle is 
responsible for the stability of this system. The cleansing action 
of soap is due to thesemicelles. The grease stain is absorbed into 
the interior of the micelle and gets detached from the fabric. The 
dust particles sticking to the stain are also removed. This action is 
similar to emulsification of grease. 

Some other examples of micelle systems are as follows: 

(i) Sodium lauryl sulphate CH 3 — (CH 2 )ij SO 4 Na^ 

(ii) Sodium oleate C 17 H 35 COO" Na^ 

(iii) Cetyltrimethyl ammonium bromide; 

CH3(CH2)i5N''(CH3)3Br 


Micellisation with cationic term||nals are also known, e.g., in 
cetyltrimethyl ammonium chloride.',; It may be diagraraatically 
represented as: 



R—N—R 
I 

R 

Fig. 6.11 


(iv) jz-Dodecyl benzene sulphonate; 



Surfactants are those substances which are preferentially 
adsorbed at the interfaces like air-water, oil-water and 
solid-water interfaces. Thus, it is the surfactant which is 
responsible for micellisation and emulsification. Surfactants are 
divided into three categories: 

(i) Cationic surfactants: Such substances on ionisation 
give a cation having hydrophobic and hydrophilic group, e.g., 
cetyl pyridinium chloride, 

C16H33—^N+cr 

Cetyltrimethyl ammonium chloride, Q6H33{CH3)3N Cl 

Octadecyl ammonium chloride, C, 8 H 37 NH 5 cr 

Ionisation of these compoimds may be represented as, 

Water 

CigH37NH^cr—^ c,gH37 _ NH^ +cr 

(Hydrophobic emi) (Hydrophilic end) 

(ii) Anionic surfactants: Such substances give anion 
which act as surfactant, eg., 

Sqdium Palmitate CijHgjCOONa 

Sodium Oleate C 17 H 35 COONa 

and salts of sulphonic acid having molecular formula 

where, Af" = Na-", K"-, NHj, etc. 

Water 

CijHgiCOONa-> C 15 H 3 , — COO” +Na^ 

(Hydrophobic (Hydrophilic 
end) end) 
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(iil) Non-lonogenic surfactants: These surfactants do not 
ionise or dissociate in aqueous medium, but these molecules also 
have hydrophobic and hydrophilic end. 

High molecular mass alcohol adds to several molecules of 
ethylene oxide to form hydroxy surfactant 


C«H 2 » + iOH + xCH,—CH, 


O 

(OCH^CH,), OH 

(Hydrophobic end) (H3^rophilic end) 


Kraft point; The temperature above wfhich a surfactant 
forms micelle is called kraft point. 

Some Important Features of Micelle 

1 . At critical micelle concentration (CMC), surfactants begins 
to form spherical aggregates made of 30 to 100 ions with their 
hydrocarbon tails in the interior of the aggregate and their 
charged terminals exposed to water on the out side (see Fig. 
6 . 12 ). 

2 . Increase in temperature usually increases CMC. 

3 . CMC also depends on chain length, greater is the chain 
length of hydrocarbon tail, smaller is the CMC. Increase in the 
hydrophobic part of the surfactant molecules, favours the 
formation of micelles. 

4 . CMC of ionic micelles decreases on addition of simple 
electrolyte like NaCl. Screening action of added ions reduces the 
repulsion between charged groups at the surface of micelles. 

5 . Below the Kraft temperature, solubility of surfactant is not 
enough to form micelles. Kraft temperature increases with 
increase in the number of carbon atoms. 


Number of caAon atoms in sodium 
alkyl sulphates 

10 

1 

12 

14 

Kraft temperature “C 

8 

16 

30 


6 . Micellisation is found to be spontaneous; it is confirrrted by 
negative value of AG in following equation : 

AG = AH-TAS ...(1) 


AH = - ve and TAS = + ve for micellisation 

Standard enthalpy change of micellisation may be calculated 
as, 

AH^=AG° + TAS° 

dT 

Physical Properties of Critical Micelle Concentration 

Physico-chemical properties of surfactant solution changes 
sharply in the region of the C.M.C. Variation of physico-chemical 
properties of surfactant solution with concentration is 
represented in following figure : 
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Concentration of sodium dodecyl sulphate 
(mol dm"3) 

Fig. 6.12 

GELS 

When a colloidal solution is coagulated, a precipitate is usually 
formed which may or may not be gelatinous. Under certain set of 
conditions, it is possible to obtain the dispersed phase as more or 
less rigid mass enclosing within it all of the liquid. The product in 
this form is known as a gel and the process is called gelation. The 
gel is, thus, a colloidal semi-solid system rich in liquid phase. Gel 
usually consists of two components; one is solid, such as gelatin, 
silicic acid, sodium oleate, etc., and the other is a liquid such as 
water. 

Gels may be elastic or non-elastic according to their 
mechanical properties. Elastic gels can be prepared by dissolving 
the substance in warm water and cooling it till sets. Examples are 
agar-agar and gelatin gels. Non-elastic gels are prepared by 
appropriate chemical action. The silica gel is formed by action of 
HCl with sodiiun silicate solution. 



Gel may shrink on keeping by loosing some of the liqu^llheld 
by them. This is known as syneresls or weepitig of gel. Some gels 
liquify on shaking and reset on being allowed to stand. This, 
reversible Sol-Gel transformation is known as thixotropy. The 
softening behaviour of a marshy land under trading is dike to 
thixotropic behaviour of bentonite clay present in such soils. 
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Elastic gel can imbibe water when placed in it and undergo 
swelling, non-elastic gels are incapable of doing so. This 
phenomenon is known as imbibition or swelling. 



APPLICATIONS OF COLLOIDS 


Most of the substances, we come across in our daily life, are 
colloids. The meal we eat, the clothes we wear, the wooden 
furniture we use, the houses we live in, the newspapers we read, 
are largely composed of colloids. 

The applications of colloid chemistry are limitless. These can 
be divided mainly into two classes: 

1. Natural applications 

2. Technical applications 

1, Natural Applications 

(i) Blue colour of the sky: Colloidal particles scatter blue 
light. Dust particles along with water suspended in air scatter 
blue light which reaches our eyes and the slq^ looks blue to us. 

(ii) Fog, mist and rain: When a large mass of air, 
containing dust particles, is cooled below its dewpoint, the 
moisture from the air condenses on the surfaces of these particles 
forming fine droplets. These droplets being colloidal in nature 
continue to float in the air in the form of mist or fog. 

Clouds are aerosols having small droplets of water suspended 
in air. On account of condensation in the upper atmosphere, the 
colloidal droplets of water grow bigger and bigger in size, till 
they come down in the form of rain. Sometimes, the rainfall 
occurs when two oppositively charged clouds meet. 

It is possible to cause artificial rain by throwing electrified 
sand or spraying a sol carrying charge opposite to the one on 
clouds from an aeroplane. 

(lit) Food articles: Milk, butter, halwa, ice creams, fruit 
juices, etc., are all colloids in one form or the other. 

(iv) Blood: Blood is a colloidal solution of an albuminoid 
substance. The styptic action of alum and ferric chloride solution 
is due to coagulation of blood forming a clot which stops further 
bleeding. 

(v) Soils; Fertile^ soils are colloidal in nature in which 
humus acts as a protfetive colloid. On account of colloidal 
nature, soils absorb moisture and nourishing materials. 

(vi) Formation of delta; River water is colloidal solution 
of clay. Seawater contains a number of electrolytes. When river 
water meets the seawater, the electrolytes present in seawater 
coagulate the ^olloidal solution of clay which gets deposited with 
the foipiation of delta. 

2. Technical Applications 

(i) Electrical precipitation of smoke: Smoke is a colloidal 
solution of solid particles such as carbon, arsenic compounds, 
dust, etc., in air. The smoke, before it comes out from the 
chimney, is led through a chamber containing plates having a 
charge opposite to that carried by smoke particles. The particles 
on coining in contact with these plates lose their charge and get 


precipitated. The particles thus, settle uown on the floor of. the 
chamber. The precipitator is called cottreO precipitator. 


Dust free gases 



(ii) Purification of drinking water: The water obtained 
from natural sources often contains bacteria and suspended 
impurities. Alum is added to such water so as to destroy the 
bacteria as well as to coagulate the suspended impurities and 
make water fit for drinking purposes, 

(iii) Medicines: Most of the medicines in use a^e colloidal 
in nature. For example, argyrol is a silver sol usdfi as an eye 
lotion. Colloidal antimony is used in curing kala-azar. Colloidal 
gold is used for intramuscular injection. Milk of magnesia (an 
emulsion) is used for stomach disorders. Colloidal medicines are 
more effective because these are easily assimilated. 

(Iv) Tanning: Animal hides are colloidal in nature. When a 
hide, which has positively charged particles, is soaked in tannin, 
which contains negatively charged colloidal particles, mutual 
coagulation takes place, which results in the hardening of leather. 
The process is termed as tanning. Chromium salts have also been 
used in place of tannin. 

(v) Cleansing action of soaps and detergents: Already 
described in section 6.8. 

(vi) Photographic plates and films: The photographic 
plates or films are prepared by coating an emulsion of the light 
sensitive silver bromide in gelatin over glass plates or celluloid 
films. 

(vii) Rubber industry: Latex is a colloidal solution of 
rubber particles which are negatively charged. Rubber is 
obtained by coagulation of latex. 

(viii) Industrial products: Paints, inks, synthetic plastics, 
rubber, graphite lubricants, cement, etc., are all colloidal 
solutions. Asphalt emulsion is used in road construction. 

(ix) Disinfectants: The disinfectants such as dettol and 
lysol give emulsion of oil in water type when mixed with water. 

(x) In mrtallurgy: Sulphide ores are concentrated by 
froth-flotation process. In this process; pulverised ore is treated 
with emulsion of pine oil. 
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Summary and Important Points to Remember 


1. Crystalloids and colloids: Thomas Graham classified 
the soluble substances into two categories; crystalloids and 
colloids. Crystalloids are the substances which in solution diffuse 
readily through animal or vegetable membranes, e.g. ,urea, sugar, 
salt and other crystalline compounds. Colloids (Greek word, 
Kolia, meaning glue-like) are the substances which in solution 
diffuse very slowly or do not diffuse through animal or vegetable 
membranes, e.g., gelatin, glue, silicic acid, etc. It was soon 
realised that many of the crystalloids can be converted into 
colloidal form by suitable means. Thus, colloid is a state of matter 
like solid, liquid or gas in which any substance can be brought by 
suitable means. 


2. Colloidal state: It depends upon the particle size. It is 
regarded as an interm«liate state between true solution and 
suspension. Colloidal state is a heterogeneous system in which 
solute particlra of si 2 e ranging between 10 A to 10^ A (10“^ to 
10“^ cm) are dispersed into a solvent (dispersion medium). 

3. Types of colloidal solutions: A colloidal solution 
consists two types, viz, dispersed or internal or discontinuous 
phase and the dispersion or external or continuous phase. 
Depending on these phases eight types of colloidal solutions are 
possible. The important ones are; 

(i) Solid dispersed in liquid—It is called sol. 

(ii) Liquid dispersed in liquid—^It is called emulsion. 

(iii) Solid dispersed in gas—It is called aerosol. 

(iv) Liquid dispersed in solid—^It is called gel. 

Lyophobic: Colloidal solutions in which dispersed phase 

has very little affinity for the dispersion medium. These are less 
stable and irreversible in nature. These are also called 
suspensoids. 

LyophiUc: Colloidal solutions in which dispersed phase has 
peat affinity for dispersion medium. These are stable and 
reversible in nature. These are also called emulsoids. 


The colloidal solutions are also named according to the 
dispemion phase or medium used. 

Dispersion medium Name of colloidal solution 
Water Hydrosols 

Alcohol Alcosols 

Benzene Benzosols 

Air Aerosols 

4. Preparation of colloidal solutions: To get a substance 
in colloidal form either the substance is broken down into fine 
particles of colloidal dimension or increasing the size of 
molecular particles as to form large agpegates. Thus, there are 
two ways by which lyophobic sols can be prepared. 

(i) Dispersion methods: By splitting coarse agpegates of 
a substance into colloidal size. The dispersion methods include 
(a) mechanical dispersion (b) electro-dispersion (c) ultrasonic 
dispersion and (d) peptization. Peptization is a process of 
converting precipitates into colloidal state by adding small 
amount of suitable ela;trolyte. 


(Ii) Condensation methods: By agpegating very small 
particles into colloidal particles. These include (a) exchange of 
solvents (b) change of physical state and (c) chemical meiods 
such as double decomposition, oxidation, reduction, hydrolysis, 
etc. 

5. Purification of colloidal solutions: The process of 
reducing the impurities (electrolytes or soluble substances) to a 
requisite minimum in a colloidal solution is known as 
purification of colloidal solution. 

Dialysis: It is a process of removing a dissolved substance 
from a colloidal solution by means of diffiisioii through suitable 
membrane. Animal membranes, parchment paper or cellophane 
sheet can be used for this piupose. The electrolytes can be readily 
removed by electrodialysis. 

6. Properties of colloidal solutions: Colloidal solutions 
possess the following properties: 

(i) Heterogeneous character: Consist of two phases. 

(ii) Visibility: Particles are not visible to naked ^e or with 
the help of microscope. 

(ill) Filtrability: Particles pass through ordinary filter 
paper but not through parchment arid other fine membranes. 

(Iv) Surface tension and- viscosity: These are not very 
different from those of dispersion medium in the case of 
lyophobic sols. LyophiUc sols show higher viscosity and lower 
surface tension. 

(v) Colligative properties: These properties are of small 
order as compared to true solutions at same concentrations. - - 

(vi) lyndall effect: It is the scattering of light from the 
surface of colloidal particles. A beam of light passed through a 
colloidal solution becomes visible as a bright streak. The 
illuminated path is called Tyndall cone. 

(vli) Brownian movement: It is a ceaseless zig-zag motion 
of colloidal particles. Smaller the size and lesser the viscosity, 
faster is the motion. This is due to unbalanced bombardment of 
particles by the molecules of dispersion medium. It is somewhat 
responsible for stability of sols as the particles are not allowed to 
settle. 

(viii) Charge on colloidal particles: Colloidal particles are 
electrically charged either carrying positive or negative charge. 
The origin of charge in most cases is due to preferential 
adsorption of ions on the surface. When an electric current is 
passed through the colloidal solution, the particles move towards 
a particular electrode. This is termed electrophoresis or 
cataphoresis. When only the medium is allowed to migrate and 
not the particles, the phenomenon is known as electroosmosis. 

, (lx) Coagulation: The phenomenon of change of colloidal 
state to suspension state is known as coagulation or precipitation 
or flocculation of colloidal solution. The coagulation is affected 
either by boiling of colloidal solution or by mutual action of 
colloidal sols (by mixing oppositely charged colloidal solutions) 
or by electrophoresis or by the addition of electrolytes. 
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The positive ion is effective in coagulating negative sol and 
vice-versa. The effectiveness of anion is governed by 
Hardy-Schulze rule. The rule states that the precipitating power 
of an ion depends upon its valency, i. e ., higher the valency of the 
ion greater is the precipitating power of the ion. 

For negative sol, the power varies as and 

for positive sol the power varies as [Fe(CN) g 1“^” > SO^” > CF. 

Flocculating value: It is the minimum concentration in 
millimoles per litre of an electrolyte required to cause 
precipitation of a sol in 2 hours. The smaller is the flocculating 
power greater shall be the precipitating power of an ion. 

(x) Protective action: Lyophilic sols are more stable than 
lyophobic sols. Thus, lyophilic colloids have the property of 
protecting lyophobic sols. When a lyophilic sol is added to 
lyophobic sol, the lyophilic particles form a layer around 
lyophobic particles and thus protect them from electrolytes. The 
protective power of lyophilic colloid is measured in terms of gold 
number. It is defined as the number of milligrams of a lyophilic 
colloid that will just prevent the precipitation of 10 mL of a gold 
sol on the addition of 1 mL of 10% NaCl solution. Lower the gold 
number, higher will be the protective power. Gelatin (Gold 
Number 0.005-f).01) and starch (Gold Number 25-50) have the 
maximum and minimum protective powers. 

(xi) Coacervation: The loss of the stability of a lyophilic sol, 
quite often results in a separation of the system' into two liquid 
phases. The separation of colloidal sol into two liquid phases is 
called coacervation. 

7. Emulsion: It is a colloidal solution of a liquid in 
another immiscible liquid. Emulsions are usually of two types: 

(a) Oil in water—Examples: MiUc, cream, face cream, etc. 

(b) Water in oil—^Examples: Butter, cold cream, etc. 


Emulsifying agent: It is added to an oil and water emulsion 
to increase its stability. It has polar and non-polar groups; the 
former attaches to water and the latter to oil and so binds them 
together in an emulsion. Soaps and detergents act as emulsifying 
agents. 

8. Gel: It is a colloidal system in which liquid is dispersal 
in solid. Fruit-jellies, cheese, etc., are the examples of gels. Gels 
may be elastic or non-elastic according to their mechanical 
properties. 

9. Applications of colloids: The applications can be 
divided mainly into two classes: 

(i) Natural applications: 

(a) Blue colour of the sky 

(b) Fog, mist and rain 

(c) Food articles 

(d) Blood 

(e) Soils 

(I) Formation of delta 

(ii) Technical applications: 

(a) Electrical precipitation of smoke 

(b) Purification of drinking water 

(c) Medicines 

(d) Tanning 

(e) Cleansing action of soaps and detergents 
(I) Photographic plates and films 

(g) Rubber industry 

(h) Paints, inks, plastics, lubricants, cement, etc. 
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Questions 



1. Match the following: 
[A], 

(i) Gold number 

(ii) Lyophobic 

(iii) Butter 

(iv) Hardy-Schulze rule 

(v) Micelles 

(vi) Purple of cassius 

(vii) Cheese 
(viii) Dialysis 


(a) Coagulation 

(b) An emulsion 

(c) Gold sol 

(d) Gel 

(e) Purification of colloidal 
solution 

(f) Protective colloids 

(g) Solvent hating 

(h) Associated colloids 


(i) Brownian movement 

(ii) Water loving colloids 

(iii) Liquid dispersed in gas 

(iv) Tyndall effect 

(v) Hydrophobic 

(vi) Coagulation 

(vii) Electrophoresis 
(viii) Soap 


(a) Aerosol 

(b) Ultramicroscope 

(c) Irreversible 

(d) Sewage disposal 

(e) Smoke precipitator 

(f) Hydrophilic 

(g) Emulsifying agent 

(h) Robert Brown 


[C] Property 

(i) lyndall effect 

(ii) Coagulation 

(iii) Brownian 
movement 

(iv) Adsorption 

(v) Electrophoresis 

(vi) Stability 


Statement 


Application / 
discoverer 


(a) Due to unequal 1. Sewage disposal 
bombardment by 

solvent 

molecules 

(b) Surface area is 2. Smoke 

large precipitator 

(c) Movement of 3. Ultramicroscope 
colloidal 

particles under 
the influence of 
electric field 

(d) Due 4. Ice cream 

to neutralisation 

of charge 

(e) Due to scattering 5. Colloidal 

of light medicines 

(f) Addition of 6. Robert Brown 

protective colloid 


2. Matrix Matching Problems (For IfT Aspirants): 

[A] Match the colloids in Column-I with the classifications 
in Column-II; 

Column-I Column-n 


(a) Rain cloud (p) Gel 

(b) Smoke (q) Foam 


(c) Butter (r) Aerosol 

(d) Soapsud (s) Gas as dispersion medium 

[B] Match the terms of List-I with those of List-II: 

List-I List-n 


(a) Coagulation 

(b) Peptization 

(c) Tyndall effect 

(d) Dialysis 


(p) Scattering of light 

(q) Purification of colloidal 
solution 

(r) Addition of electrolyte 

(s) Precipitation of 
colloidal solution 


[C] Match the Column-1 with Column-II and Column-ni: 


Column-I 

(Colloidal 

solution) 


Column-II 

(Dispersed 

phase) 


Column-lII 

(Dispersion 

medium) 


(a) Colloidion 

(b) Fog 

(c) Butter 

(d) Milk 


(p) Water 

(q) Cellulose 

(r) Fat 

(s) Water 


(u) Ethanol 

(v) Oil 

(w) Air 

(x) Water 


[D] Match the terms in Column-1 with their explanations in 
Column-II: 

Column-I Column-n 


(a) Cottrell precipitation 

(b) Electrophoresis 

(c) Hemidialysis 

(d) Coagulation 

[E] Match the terms in Column- 

Column-I 


(p) Purification of blood 

(q) Precipitation of 
colloidal particles by 
addition of electrolytes 

(r) Removal of pollutants 
from industrial waste 
gases 

(s) Movement of charged 
colloidal particles 
towards oppositely 
charged electrode 

-I with those of Column-II: 

Column-H 


(a) Emulsifier (p) Colloidal sol. of 

graphite 

(b) Colloidal electrolyte (q) Detergent 

(c) Oil dag (r) Cellophane 

(d) Xerogel (s) Dextrin 

[F] Match the Column-I with Column-II; 

CoIumn-I CoIumn-n 


(a) Milk 

(b) Dust 

(c) Cheese 

(d) Froth 


(p) Aerosol 

(q) Emulsion 

(r) Gel 

(s) Foam 
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3. The coagElation of 100 mL of a colloidal solution of gold is 
completely prevented by adding 0.25 g of starch to it before 
adding 10 mL of 10% NaCl solution. Find out the gold number 
of starch. 

[Hintr 10 mL of 10% NaCl solution is added to 100 mL of 
solution of gold. 

Thus, 1 mL of 10% NaCl solution has been added to 10 mL 
solution of gold. 

Since, 100 mL gold solution required = 0.25 g starch 

= 0.25 X 10^ mg starch 


So, 10 mL gold solution required = 


0.25x10^ 

100 


xlO 


= 25 mg starch 

Thus, by definition, the gold number of starch is 25.] 


4, For the coagulation of 100 mL of arsenious sulphide solution, 
5 mL of 1 MNaCl is required. What is the coagulating power 
ofNaCl? 

[Hint: Total volume after addition of 5 mL of 1 M NaCl 
solution = 105mL 

Thus, 105 X molarity of NaCl in colloidal solution =5x1 
Molarity of NaCl in colloidal solution = 

105 

Concentration in millimole = x 1000 

105 

= 47.6] 






1. [A] (i—(ii—g); (iii—b); (iv—a); (v—h); (vi—c); (vii—d); 
(viii—e) 

[B] (i—h); (ii—f); (iii—a); (iv—b); (v—c); (vi—d); (vii—e); 

(viii—g) . 

[C] (i—e—3); (ii—d—1); (iii—a—6); (iv—^b—5); 

(v—c — 2)-, (vi— f— 4). 


2. [A] (a—r, s) (b—r, s) (c—p) (d~q) 

[B] (a—r, s) (b—r) (c—p) (d—q) 

[C] (a—q—u) (b—^p—^w) (c—^p—^v) (d— t — ^x) 

[D] (a—r, s) (b—s) (c—^p) (d —q) 

[E] (a—q, s) (b—q) (c--p) (d—r) 

[F] (a-<,)(b-p)(c-r)(d-s) 


^^Objective Questions 

Set-1: Questions with single correct answer 

1. Difference between crystalloid and colloid is of: 

(a) particle size (b) chemical composition 

(c) ionic character (d) solubility 

2. Substances whose solutions can readily diffuse through 
animal membranes are called: 

(a) colloids (b) crystalloids 

(c) electrolytes (d) non-electrolytes 

3. Suspensions are: 

(a) visible to naked eye 

(b) invisible through microscope 

(c) not visible by any means 

(d) invisible under electron microscope 

4. The size of the colloidal particles is in between: (CPMT1990) 

(a) 10”’ -10”® cm (b) 10”® -10”" cm 

(c) 10”’ -10”’ cm (d) 10“^ -10”^ cm 

5. The size of a colloidal particle is: JP^fT (TVI?) 1990] 

(a) >0.1|t (b) 1 mu to 0.1 [i 

(c)<0.1mii (d) more than 3000 up 

6. If liquid is dispersed in solid medium, then this is called: 

■ (DCE 2009) 

(.a) sol (b) emulsion 

(c) liquid aerosol (d) ^1 



7. Which of the following forms a colloidal solution in water? 

(CPMT 1990) 

(a) NaCl (b) Glucose (c) Ba(N 03)2 (d) Starch 

8. • The number of phases present in colloidal solution is: 

(a) 2 (b) 4 (c) 3 (d) 1 

9. The colloidal system of a solid dispersed in liquid medium is 

called: [CET (J&K) 2007! 

(a) aerosol (b) sol (c) gel (d) foam 

10. When dispersed phase is liquid and dispersion medium is gas, 
the colloidal system is called: 

(a) smoke (b) emulsion (c) cloud (d) gel 

11. Water loving colloids are called as: 

(a) hydrophilic (b) hydrophobic 

(c) lyophobic (d) irreversible 

12. An emulsion is a colloidal solution consisting of: 

(a) two solids (b) two liquids 

(c) two gases (d) one solid and one liquid 

13. The colloidal solution of gelatin is known as: 

(a) solvent loving (b) reversible 

(c) hydrophilic (d) all of these 

14. Sol is a type of colloid in which: [PET (Raj.) 21)08] 

(a) solid is dispersed in liquid 

(b) liquid is dispersed in solid 

(c) gas is dispersed in liquid 

(d) solid is dispersed in solid 
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15. Butter is a colloid formed when: 

(a) fat is dispersed in fat 

(b) fat is dispersed in water 

(c) water is dispersed in fat 

(d) suspension of casein in water 

16. Milk is: [PMT (MP) 2007; C.G PET 2008j 

(a) fat dispersed in water (b) water dispersed in fat 

(c) water dispersed in oil (d) fat dispersed in fat 

17. Smoke is an example of: (CPMT1991) 

(a) solid dispersed in solid (b) solid dispersed in gas 

(c) solid dispersed in liquid (d) gas dispersed in solid 

18. Fog is a colloidal solution of: 

[PMT (MP) 1991; CET (J&K) 2005; DUMET ,2009] 

(a) gaseous particles dispersed in gas 

(b) gaseous particles dispersed in liquids 

(c) liquid dispersed in gas 

(d) solid dispersed in liquid 

19. Lyophobic colloids are: 

(a) reversible (b) irreversible 

(c) water loving (d) solvent loving 

20. Sulphur sol contains: 

(a) discrete sulphur atoms 

(b) discrete sulphur molecules 

(c) water dispersed in solid sulphm 

■ (d) large aggregates of sulphur molecules 

21. Which of the following is not a colloidal system? 

(a) Bread (b) Muddy water 

(c) Concrete (d) Sugar in water 

22. Peptization denotes: (MHT-CET 2007) 

(a) digestion of food 

(b) hydrolysis of proteins 

(c) breaking and dispersion into colloidal state 

(d) precipitation of solid from colloidal dimension 

23. Colloids are purified by: (CPMT 1990) 

(a) Brownian motion (b) precipitation 

(c) dialysis (d) filtration 

24. The separation of colloidal particles from those of molecular 
dimension is known as: 

(a) dialysis (b) electrophoresis 

(c) peptization (d) pyrolysis 

25. Bredig’s arc method is used for the preparation of colloidal 
solution of: 

(a) metals like silver, gold, etc. 

(b) organic compounds 

(c) two liquids 

(d) inorganic compounds 

26. Which of the following reactions is not used for the 
preparation of a colloidal solution? 

(a) 2 AUCI 3 + SSnClj-> 3 SnCl 4 + 2Au 

(b) FeClj + SHjO-Fe(OH )3 + 3HC1 

(c) 2Mg + CO 2 -> 2MgO + C 

(d) 2 H 2 S + SO 2 -> 2 H 2 O + 3S 

27. When freshly precipitated Fe(OH )3 is boiled with water in the 
presence of few drops of dil. HCl, a hydrated ferric oxide sol is 
obtained. This method is termed: 


(a) dialysis (b) peptization 

(c) ultrafiltration (d) electro-dispersion 

28. Which of the following substances gives a positively charged 

sol? [PMT (MP) 1990] 

(a) Gold (b) Arsenious sulphide 

(c) Starch (d) Ferric hydroxide 

29. The kinetic activity of colloidal particles in dispersion 
medium is known as: 

(a) electro-osmosis (b) cataphoresis 

(c) Brownian movement (d) electrophoresis 

30. Brownian movement was discovered by: 

(a) Robert Brown - (b) Zsigmondy 

(c) Hardy-Schulze (d) Graham 

31. The Brownian movement is due to: 

(a) temperature fluctuations within the liquid phase 

(b) attraction and repulsion between charges on colloidal 
particles 

(c) impact of molecules of the dispersion medium on colloidal 
particles 

(d) convection currents 

32. Tyndall phenomenon is shown by: 

(a) dilute solution (b) colloidal solution 

(c) suspension (d) true solution 

33. The sky looks blue due to: 

(a) dispersion effect (b) reflection 

(c) transmission (d) scattering 

34. Tyndall effect in colloidal solution is due to: (M HT-CET 2007) 

(a) absorption of light 

(b) scattering of light 

(c) reflection of light 

(d) presence of electrically charged particles 

35. The migration of colloidal particles under the influence of an 
electric field is known as: 

(a) electro-osmosis (b) BrqWnian movement 

(c) cataphoresis (d) dialysis 

36. The stability of lyophilic colloids is due to: [PMT (MP) 1990] 

(a) charge on their particles 

(b) large size of their particles 

(c) smaller size of their particles 

(d) a layer of medium of dispersion on their particles 

37. ‘Greater the valency, the higher is the coagulating power of 
ion.’ This rule was introduced by: 

(a) Hardy-Schulze (b) Graham 

(c) Kossel and Lewis (d) Faraday 

38. Bleeding is stopped by the application of ferric chloride. This 
is because: 

(a) the blood starts flowing in opposite direction 

(b) the ferric chloride seals the blood vessel 

(c) the blood reacts and forms a solid which seals the blood 
vessel 

(d) the blood is coagulated and thus, the blood vessel is sealed 

39. Which property of colloidal solution is used to determine the 
nature of charge on the particles? 

(a) Sedimentation (b) Electrophoresis 

(c) Dialysis (d) Ultrafiltration 
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40. When excess of electrolyte is added to a colloid it: 

(CBSE 1990) 

(a) coagulates (b) diluted 

(c) precipitates (d) does not change 

41. The colloidal solutions of gold prepared by different methods 

have different colours. This is due to: (MLNR 1993) 

(a) difference in si^ of colloidal particles 

(b) different concentration of gold 

(c) presence of different types of foreign particles 

(d) the variable valency of gold 

42. The capacity of an ion to coagulate a colloidal solution 
depends on; 

(a) its shape 

(b) the amount of its charge 

(c) the sign of the charge 

(d) both, the amoimt and the sign of the charge 

43. Lyophilic sols are more stable than lyophobic sols because: 

(AFMC 1998) 

(a) the colloidal particles have positive charge 

(b) the colloidal particles have negative charge 

(c) the colloidal particles are solvated 

(d) there are strong electrostatic repulsions 

44. Which of the following will have the highest coagulating 
power for AS 2 S 3 colloid? 

(a) PO^" (b)Al^+ (c) (d) Na+ 

45. A negatively charged suspension of clay in water will need for 
precipitation the minimum amount of: 

(a) aluminium chloride (b) potassium sulphate 

(c) sodium hydroxide (d) hydrochloric acid 

46. Which of the following electrolytes is least effective in 

causing flocculation of ferric hydroxide sol? (MLNR 1991) 

(a) K 3 Fe(CN )6 (b) K 2 Cr 04 

(c) KBr (d) K 2 SO 4 

47. Fe^''' ions coagulate blood. This show blood contains colloidal 
particles bearing: 

(a) negative charge 

(b) positive charge 

(c) no charge 

(d) eitha- positive or negative ctage 

48. Gold number is a measure of; (CPMT 1991) 

(a) stability of colloidal system 

(b) coagulating power of a colloid 

(c) size of colloidal particles 

(d) efficiency of the protective colloid 

49. Gold number is a measure of: [PET (MP) 2004J 

(a) the amount of gold present in the colloidal solution 

(b) the amount of gold required to break the colloid 

(c) the amoimt of gold required to protect the colloid 

(d) none of the above 

50. Which of the following methods is iKed for destruction of a 
colloidal solution? 

(a) Condensation 

(b) Dialysis 

(c) Diffusion through animal membrane 

(d) Addition of an electrolyte 


51. Which of the following is not a property of hydrophilic sols? 

(a) High concentration of dispersed phase can be easily 
attained 

(b) Coagulation is reversible 

(c) Viscosity and surface tension are nearly as that of water 

(d) The charge on the particles depends on the pH value of the 
medium; it may be positive, negative or even zero 

52. Gelatin is added in manufacture of ice cream in order to; 

(a) prevent formation of a colloid 

(b) stabilise the colloid and prevent crystallisation 

(c) cause the mixture to solidify easily 

(d) improve flavour 

53. Which one of the following will act as best protective colloid? 

(a) Gelatin (Gold No. 0.005) 

(b) Starch (Gold No. 25) 

(c) Gum arabic (Gold No. 0.15) 

(d) Egg albumin (Gold No. 0.08) 

54. Gold number is a measure of the; 

(a) protective action by a lyophilic colloid on lyophobic 
colloid 

(b) protective action by a lyophobic colloid on lyophilic 
colloid 

(c) number of mg of gold in a standard red gold sol 

(d) none of the above 

55. On addition of one mL solution of 10% NaCI to 10 mL gold 
sol in presence of 0.025 g of starch, the coagulation is just 
prevented. The gold number of starch is: 

(a) 25.0 (b) 2.5 (c) 0.25 (d) 0.025 

56. The stability of lyophobic sols is due to: 

(a) Brownian motion only 

(h). electric charge dnly 
’ (e) both Brownian hwitfcn and electric charge 

(d) particle size 

57. Which one of the flowing colloidal solutions is positive sol.? 

(CPMT 1992) 

(a) Blood 

(b) Clay soil 

(c) Smoke 

(d) Gelatin in strongly acidic solution 

58. All colloidal solutions show: 

(a) very high osmotic pressure 

(b) high osmotic pressure 

(c) low osmotic pressure 

(d) no osmotic pressure 

59. Which of the following is associated colloid? 

(a) Soap (b) Detergent 

(c) Both (d) Noneofth«e 

60. Which of the following is an emulsifier? 

(a) Oil (b) Soap (c) Solvent (d) KCl 

61. An emulsifier is a substance which: 

(a) helps in the dispersion of liquid in liquid 

(b) stabilises the emulsion 

(c) coagulates the emulsion . 

(d) purifies the emulsion 
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62. 


63. 


64. 


65. 


66 . 


67. 


68 . 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


The gold numbers of some colloidal solutions are given 
below: 

Colloidal solution Gold number 


A 0.01 

B ■ 2.5 

C 20 


The projective powers of these colloidal solutions follow the 
order: |CET (J&K) 2006; AIEEE 2008] 

(a) C>B> A (b) A>B>C 

(c) A =B-^C (d) B> A >C 

Dialyser is a name given to: 

(a) lyophilic colloids 

(b) lyophobic colloids 

(c) to a membrane which can separate colloids from the solution 
((^) none of the, above 

Flocculftion value is expressed in terms of: 

(a) millimole per litre (b) mol per litre 

(c) gram per litre (d) mol per millilitre 

Which of the following has minimum flocculation value? 

(PET (MP) 19901 

(a) Pb^* (b) Pb"*^ (c) Sr^-" (d) Na^ 

The chaige of AS 2 S 3 sol is due to the absorbed: 

(a) If (b) OHT (c) (d) 

Which of the following has maximum flocculation value? 

(a).[Fe(GN) 6 ]'’^ ' . (b) CF 

(c) SO^- (d) POj" 

Above critical micelle concentration, particles get: 

[AMU (Medical) 2006] 

(a) associated (b) dissociated 

(c) both (a) and (b) (d) none of these 

Continuous phase contains dispersed phase throughout. 

Example is; (VITEEE 2008) 

(a) water in milk (b) fat in milk 

(c) water droplets in mist (d) oil in water. 

The movement of dispersion medium in an electric field when 
the dispersed particles are prevented from moving is called; 
(a) cataphoresis , (b) electrophoresis 

(c) electro-osmosis (d) Brownian movement 

To coagulate gelatin sol, which of the following is most 
effective? 


(a) NaCl (b) Na 3 P 04 (c) AICI 3 (d) Alcohol 
The emulsifying agent in milk is; [EAMCET (Med.) 2010J 
(a) lactic.acid (b) &t 

(c) lactose (d) casein 

Colloidal solutions of metals like Cu, Ag, Au and Pt are 
generally prepared by using: 

(a) peptization (b) Bredig’s arc method 

(c) exchange of solvent (d) oxidation method 

Silver iodide is used for producing artificial rain because Agl: 

(a) has crystal structure similar to ice 

(b) is easy to spray at high altitudes 

(c) is easy to synthesise 

(d) is soluble in water 

The minimum concentration of an electrolyte required to 
cause coagulation of a sol. is called: 


(b) gold number 
(d) coagulation number 


(a) flocculation value 
(c) protective value 

76. Purple of cassius is: 

(a) colloidal solution of silver 

(b) colloidal solution of gold 

(c) colloidal solution of platinum 

(d) oxy acids of gold 

77. Which type of molecules form micelles? 

(a) Polar molecules (b) Non-polar molecules 

(c) Surfactant molecules (d) Any of these 

78. The name aquadag is given to the colloidal solution of: 

(a) copper in water (b) platinum in water 

(c) gold in water (d) graphite in water 

79. ^ A lifiuid is found to scatter a beam of light but leaves no 
i resiaue When passed through the filter paper. The liquid can be 

deschb^das: ! j : (AIMS 1993) 

(a) a suspension ! 1 (b) oil' 

(c) a colloidal sol. (d) true solution 

80. Point out the false statement: [CET (Punjab) 1991) 

(a) colloidal sols, are homogeneous 

(b) colloidal sols, carry +ve or -ve charge 
•(c) colloidal sols, show Tyndall effect 

(d) the size of colloidal particles ranges between 10-2000 A 

81. The potential difference between the fixed charged layer and 
the diffused layer having opposite charge is called: 

(a) colloidal potential (b) zeta potential 

(c) electrostatic potential (d) none of these 

82. An example of micelle is: 

(a) AS 2 O 3 sol. 

(b) ruby glass 

• (c) Na 2 C 03 solution 

(d) sodium stearate concentrated solution 

83. Surface tension of lyophilic sols, is: [PMT (MP) 1992] 

(a) fewer than H 2 O (b) more than HjO 

f (c) equal to H 2 O (d) none of these 

84. Which is not shown by sols.? [PMT (MP) 1992] 

(a) Adsorption (b) Tyndall effect 

(c) Flocculation (d) Paramagnetism 

85. An example of solid-solid system is: 

(a) smoke (b) coke 

(c) synthetic gems (d) pumice stone 

86 . Detergent action of synthetic detergents is due to their: 

(a) interfacial area (b) high molecular weight 

(c) ionisation (d) emulsifying properties 

87. Blood contains: 

(a) positively charged particles 

(b) negatively charged particles 

(c) neutral particles 

(d) negatively as well as positively charged colloids 

88 . A colloidal solution always has at least: (CPMT1993) 

(a) one-phase (b) more than two-phases 

(c) a true solution (d) two phases 

89. Silica gel is commonly used as; 

(a) wetting agent (b) drying agent 

(c) solvent (d) catalyst 
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90. Which is not a colloidal solution of gas in liquid? 

(a) Froth (b) Foams with tiny bubbles 

(c) Mist (d) Whipped cream 

91. Fog is a colloidal solution of: 

(MLNR 1995; PMT (MP) 1991] 

(a) liquid particles dispersed in gas 

(b) gaseous particles dispersed in liquid 

(c) solid particles dispersed in liquid 

(d) solid particles dispersed in gas 

92. Emulsions of polyvinyl acetate are used in: 

(a) polishes (b) latex paints 

(c) fireworks (d) rayons 

93. When white light is passed through a colloidal solution 

containing fine suspended particles of gold, then the scattering 
light seen in a direction different from that of incident light is: 

(a) yellow coloured (b) blue coloured 

(c) green coloured (d) red coloured 

94. When a sulphur sol is evaporated, solid sulphur is left. On 
mixing with water no colloidal sol is formed. The sulphur sol 
is: 

(a) hydrophilic (b) hydrophobic 

(c) reversible (d) lyophilic 

95. Tails of comets are visible due to: 

(a) Tyndall effect (b) reflection 

(c) Brownian movement (d) none of these 

96. Milk is an example of: 

[CPMT 1995; PET (MP) 2004; CET (J&K) 2004] 

(a) fat dispersed in water 

(b) water dispersed in fat 

(c) water dispersed in oil 

(d) fat dispersed in fat 

97. Smog is an example of: 

(a) ice dispersed in air 

(b) water dispersed in air 

(c) smoke dispersed in air 

(d) smoke and water dispersed in air 

98. Peptization denotes: [ISM (Dhanbad) 1994] 

(a) digestion of food 

(b) hydrolysis of proteins 

(c) breaking of disperaion into colloidal state 

(d) precipitation of a solid from colloidal state 

99. Whipped cream is an example of: 

Dispersion Medium Dispersed Phase 


(a) 

Liquid 

Gas 

(b) 

Liquid 

Liquid 

(c) 

Liquid 

Solid 

(d) 

Gas ■ . 

Liquid 


100. Cottrell precipitator acts on which of the following principle? 

(a) Hardy-Schulze rule 

(b) Distribution law 

(c) Le Chatelier’s principle 

(d) Neutralization of charge on the colloidal particles 

101. CMC (critical micelle concentration) is: 

(a) concentration at which micelles are destroyed 

(b) concentration at which micelle formation starts 


(c) concentration of electrolyte added to destroy the micelles 

(d) concentration of micelles at room temperature 

102. Cod liver oil is: (CPMT 1997) 

(a) fat dispersed in water (b) water dispersed in fat 

(c) water dispersed in oil (d) fat dispersed in fat 

103. Which is not lyophilic colloid? [PMT (MP) 1998] 

(a) Milk (b) Gum (c) Fog (d) Blood 

104. At the critical micelle concentration, the surfactant molecules: 

(CBSE 1998) 

(a) decompose (b) dissociate 

(c) associate (d) become completely soluble 

105. Which of the following ions can cause coagulation of 

proteins? (KCET2000) 

(a) Ag^ (b) Na+ (c) Mg^+ (d) Ca^^ 

106. In Brownian movement or motion the paths of the particles 

are: (KMEE 2000) 

(a) linear (b) zig-zag 

(c) uncertain (d) curved 

107. Which is used for ending charge on colloidal solutions? 

(CBSE 2000) 

(a) Electrons (b) Electrolysis 

(c) Positively charged ions (d) Compounds 

108. Cloud or fog is a colloidal system in which the dispersed phase 

and the dispersion medium are: (KCET 2000) 

(a) gas, liquid (b) liquid, gas 

(c) liquid, liquid (d) solid, solid 

109. The electrolyte which has the least effect in the coagulation of 

Fe(OH )3 sol is: [KCET 2008] 

(a) potassium carbonate (b) sodium sulphate 

(c) potassium ferrocyanide (d) potassium iodide 
no. Blood may be purified by: [PMT (MP) 2000] 

(a) dialysis (b) electro-osmosis 

(c) coagulation (d) filtration 

111. Gold number was given by: 

(a). Ostwald (b) Zsigmondy 

(c) William and Chang (d) Langmuir 

112. The diameter of colloidal particle ranges from: (KCET 2004) 

(a) 10“’ m to 10^* m (b) 10"® m to 10"'^ m 

(c) 10^ m to 10"^ m (d) 10"^ m to 10"® m 

113. The Tyndall effect is not observed in: 

(a) suspensions (b) emulsions 

(c) colloidal solutions (d) true solutions 

114. Which one is example of Micelle’s system? 

(a) Soap + water (b) Rubber + benzene 

(c) Protein + water (d) None of these 

115. Sedimentation potential is the reverse of; 

(a) electro-osmosis (b) electrophoresis 

(c) electrokinetic potential (d) Dom potential 

116. Smoke has generally blue tinge. It is due to: 

(a) scattering (b) coagulation 

(c) Brownian motion (d) electrophoresis 

117. On adding AgN 03 solution to KI solution, a negatively 
charged colloidal sol will be formed in which of the following 
conditions? 
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(a) 100mLof0.1MAgNOj+lOOmLofO.lMKI 

(b) 100 mL of 0.1 M AgNOj + 50 mL of 0.2 M KI 

(c) 100 mLof 0 . 2 MAgN 03 + lOOmL ofO.l MKI 

(d) lOOmLofO.l MAgNOj + lOOmLofO.lSMKI 

118. Peptization of SnOj by NaOH gives: 

(a) [SnOzJSnO^ :2Na^ (b) [SnOjJSn'*'';0^- 

(c) [SnOzlNa^ : OHT (d) [SnOjlSn^-^ : OIT 

119. Alum helps in purifying water by: (AIEEE 2002) 

(a) forming Si complex with clay particles 

(b) sulphate part which combines with the dirt and remove it 

(c) aluminium which coagulates the mud particles 

(d) making the mud water soluble 

120. Surface tension of lyophilic sols is: [PMT (MP) 2002| 

(a) lower than that of H 2 O (b) equal to that of H 2 O 

(c) more than that of HjO (d) none of these 

121. Arsenic sulphide is negative sol. The reagent with least 

precipitating power is: |PMT (Manipal) 2002) 

(a) AICI 3 (b) NaCl (c) CaF 2 (d) glucose 

122. Which one of the following is correctly matched? 

[CEE (Tamil Nadu) 2002] 

(a) Emulsion-curd (b) Foam-mist 

(c) Aerosol-smoke (d) Solid sol-cake 

123. When HjS gas is passed through nitric acid, the product is: 

[CEE (Kerala) 2002] 

(a) rhombic sulphur (b) prismatic sulphur 

(c) amorphous sulphur (d) monoclinic sulphur 

(e) plastic sulphur 

124. Tyndall effect is shown by; [CECE (Bihar) Pre 2004] 

(a) precipitate (b) sol 

(c) plasma (d) solution 

12 s. On addition of one mL of 10% NaCl solution to 10 mL gold 
sol in presence of 0.25 gm of starch, the coagulation is just 
prevented, starch has gold number. [PMT (MP) 2004] 

(a) 0.25 (b) 0.025 (c) 2.5 (d) none of these 

126. Which of the following forms cationic micelles above certain 

concentration? [CBSE (PMT) 2004] 

(a) Sodium dodecyl sulphate 

(b) Sodium acetate 

(c) Urea 

(d) Cetyltrimethyl ammonium bromide 

127. The smog is essentially caused by the presence of: 

(AIEEE 2004) 

(a) Oj and O 3 

(b) Oj and N 2 

(c) oxides of sulphur and nitrogen 

(d) O 3 and N 2 

128. Which one of the following is most effective in causing the 

coagulation of an AS 2 S 3 sol? (EAMCET 2009) 

(a) KCl (b) AICI3 

(c) MgS 04 (d) K 3 [Fe(CN) 6 ] 

129. The fresh precipitate can be transformed in colloidal solution 

by: ICET (J&K) 2004] 

(a) peptization (b) coagulation 

(c) diffusion (d) none of these 


130. Potassium stearate is obtained by the saponification of an oil 
or a fat. It has formula CH 3 — (CHj)!^ — COO“ K”". The 
molecule has a lyophobic end (CH 3 —^) and a lypophilic end 
COO“ K*. Potassium stearate is an example for: 

[PET (Kerala) 2005) 

(a) lyophobic colloid 

(b) lyophilic colloid 

(c) multimolecular colloid 

(d) macromolecular colloid 

(e) associated colloid or micelle 

131. Which one of the following forms micelles in aqueous 
solution above certain concentration? (CBSE (PMT) 2005] 

(a) Dodecyl trimethyl ammonium chloride 

(b) Glucose 

(c) Urea 

(d) Pyridinium chloride 

132. Muddy water can be purified through coagulation using; 

[CET (J&K) 2005] 

(a) common salt (b) alums 

(c) sand (d) lime 

133. The disperse phase in colloidal iron(in) hydroxide and 
colloidal gold is positively and negatively chaiged 
respectively. Which of the following is not correct? 

(AIEEE 2005) 

(a) Magnesium chloride solution coagulates the gold sol nwre 
readily than iron(III) hydroxide sol 

(b) Sodium sulphate solution causre coagulation in bofli sols 

(c) Mixing of the sols has no effect 

(d) Coagulation in both sols can be brought about by 
electrophoresis 

134. An emulsifier is a substance which; (AIEEE 2005) 

(a) stabilises the emulsion 

(b) homogenises the emulsion 

(c) coagulates the emulsion 

(d) accelerates the dispersion of liquid in liquid 

135. Gold number is associated with: [BHU (Mains) 2007; 

AMU (Engg.) 2010] 

(a) electrophoresis 

(b) purple of cassius 

(c) protective colloid 

(d) amount of pure gold 

136. Which one of the following is a false statement? 

[PMT (Kerala) 2007] 

(a) Cell fluid is an example of sol 

(b) Butter is an example of gel 

(c) Hair cream is an example of emulsion 

(d) Whipped cream is an example of foam 

(e) Cheese is an example of emulsion 

137. The presence of electric charge on colloidal particles is 

indicated by the property, called: [CET (J&K) 2007] 

(a) dialysis (b) solubility 

(c) electrophoresis (d) osmosis 

138. Which of the following properties are characteristic of 

lyophobic sols? (SCRA 2007) 

1. Low viscosity, 2. High viscosity, 3. Reversibility and 

4. Coagulation by electrolytes at low concentration 
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Select the correct answer using the codes given below: 

(a) 2, 3 and 4 (b) 2 and 3 only 

(c) 1 and 4 only (d) 1 and 3 only 

139. In an electrical field, the particles of a colloidal system move 
towards cathode. The coagulation of the same sol is studied 
using K 2 S 04 (I),Na 3 P 04 (II), K 4 [Fe(CN) 6 ] (III) and NaCl 
(FV). Their coagulating power should be : 

[PMT(Kerala) 2008] 

(a) (I) > (II) > (III) > (IV) (b) (III) > (n) > (I) > (IV) 

(c) (III) > (I) > (II) > (IV) (d) av) > (in) > (I) > (II) 

(e) (IV) > (I) >(!!)> (Ill) 

140. Cetyl trimethyl ammonium chloride is which type of 

detergent ? [CET (Gujarat) 2008] 

(a) Cationic (b) Anionic (c) Biosoft (d) Non-ionic 

141. The effective ion used in clarification of water is: 

(KCET2008) 

(a)AF+ (b)Ca^^ (c)SOj- (d)PO^- 

142. The number of moles of lead nitrate needed to coagulate 

2 mole of colloidal [Ag I]r is : [PET (Kerala) 2008] 

(a) 2 (b)l (c)l (d)| (e)| 

[Hint:2[AgI]r+Pb2^ -> Pblj + 2AgI 

Thus, one mole of Pb(N 03)2 is required to coagulate 2 mole of 
[Agl] r.] 

143. Among the electrolytes Na 2 S 04 ,CaCi 2 ,Al 2 (S 04)3 and 
NH 4 CI, the most effective coagulating agent for SbjSj sol is: 

(IIT 2009) 

(a)Na 2 S 04 (b)CaCl 2 

(c)Al 2 ( 804)3 (d)NH,Cl 

[Hint; Sb 2 S 3 sol is negative colloid, therefore, Al 2 (S 04)3 will be 

most effective coagulating agent. 

_ Al^> Ca^> Na*> NH4 _ 

Decre^ng coagulating power for natively •' 

charpd colloidal particles of 80253 

144. A micelle formed during the cleansing action of soap is: 

[EAMCET (Engg.) 2010] 

(a) a discrete particle of soap 

(b) aggregated particles of soap and dirt 

(c) a discrete particle of dust 

(d) an aggregated particle of dust and water 

145. The dispersed phase and dispersion medium in soap lather are 

respectively : [PET (Kerala) 2010] 

(a) gas and liquid (b) liquid and gas 

(c) solid and gas (d) solid and liquid 


Set-2: The questions given beiow may have more 
than one correct answers 

1. Lysione is not used as: 

(a) disinfectant (b) germ killer 

(c) treating eye disease (d) anti-cancer drug 

2. Which of the following are macromolecular colloids? 

(a) Starch (b) Soap (c) Detergent (d) Cellulose 

3. Multimolecular colloids are present in: 

(a) sol of sulphur (b) sol of proteins 

(c) sol of gold (d) soap solution 

4. Methods used for the preparation of colloidal solutions are: 

(a) peptization (b) hydrolysis 

. (c) ultrasonic dispersion (d) coagulation 

5. Isoelectric point is the pH at which colloidal particles: 

(a) coagulate 

(b) become electrically neutral 

(c) can move toward either electrode 

(d) none of the above 

6. Consider the following statements for micelles, which is/are 
correct? 

(a) At critical micelle concentration, several properties of 
solution of surfactants such as molar conductivity, surface 
tension and osmotic pressure change 

(b) Micelles from ionic surfactants can be formed only above 
a certain temperature called the Kraft temperature 

(c) Micelle fomation is exothermic 

(d) Micelles are associated colloids 

7. Which of the following are negative colloids? 

(a) Fe(OH )3 sol (b) AS 2 S 3 sol 

(c) Blood (d) Gold sol 

8 . Which of the following are examples of aerosols? 

(a) pipped cream (b) Cloud 

(c) Fog (d) Soap lather 

9. Tyndall effect is applicable when: 

(a) the diameter of the dispersed particles is not much smaller 
than the wavelength of the light used 

(b) the diameter of the dispersed particles is much smaller 
than the wavelength of the light used 

(c) the refractive indices of the dispersed phase and the 
dispersion medium must be same 

(d) the refractive indices of the dispersed phase and the 
dispersion medium must differ greatly in magnitude 
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Assertion-Reason TYPE QUESTIONS 


The questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four options: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

1. (A) Colloidal silver iodide is prepcired by adding silver nitrate 

in slight excess to potassium iodide solution. When 
subjected to an electric field, the colloidal particles 
hiigrate to the anode. 

(R) Colloidal particles absorb ions and thus become 
electrically charged. 

2. (A)Lyophilic colloids such as starch, gelatin, etc., act as 

protective colloids. 

(R) Protective power of lyophilic colloids is expressed in 
terms of gold number. 

3. (A) True solutions do not exhibit Tyndall effect. 

(R) In true solutions, size of solute particles is much smaller 
than the wavelength of light used. 

4. (A) The micelle formed by sodium stearate in water has 

—COO" groups at the surface. 

(R) Surface tension of water is reduced by the addition of 
stearate. (AIIMS 2003) 

5 . (A) Lyophilic sols, are more stable than lyophobic sols. 

(R) Lyophilic sols, are highly hydrated in the solution. 


6 . (A) Colloidal sol. of Fe(OH )3 formed by peptization carries 
positive charge. 

(R) During the formation of positively charged colloidal 
particles of Fe(OH) 3 , the electrons are lost by the colloidal 
particles of Fe(OH) 3 . 

(A) Colloidal solutions are purified by dialysis. 

(R) In the process of dialysis, colloidal particles pass through 
parchment paper. 

(A) Fe^'^ can be used for coagulation of AS 2 S 3 sol. 

(R) Fe^'^ reacts with AS 2 S 3 to give Fe 2 S 3 . (AIIMS 2006) 
(A) Fat is digested in the intestine by emulsification. 

(R) Bile salts stabilize the emulsion so formed. 

(A) NH3CI and RCOONa are colloidal electrolyte. 

(R) The substances which behave as electrolyte below a 
certain concentration limit, beyond this limit colloidal sol. 
is formed, are called colloidal electrolyte. 

11 . (A) Sulphide ores are concentrated by fi'oth flotation process. 
(R) Pine oil forms emulsion in water. 

12. (A) The conversion of fresh precipitate to colloidal state is 

called peptization. 

(R) It is caused by addition of common ions. (AIIMS 2007) 

13. (A) Surfactant molecules form micelles above the critical 

micelle concentration (CMC). 

(R)The conductance of solution of surfactant molecules 
decreases sharply at the (CMC). 

14. (A) Soap and detergent are macro-molecular colloids. 

(R) Soap and detergent are molecular of large size. 

15. (A) Gold sol is hydrophobic and multimolecular. 

(R) Gold sol is prepared by Bredig’s arc method. 


7. 

8 . 
9. 

10 . 


ft 
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• Set-1 


1. (a) 

2. (b) 

3. (a) 

4. (c) 

5. (b) 

6. (d) 

7. (d) 

8. (a) 

9. (b) 

10. (c) 

11. (a) 

12. (b) 

13. (d) 

14. (a) 

15. (c) 

16. (a) 

17. (b) 

18. (c) 

19. (b) 

20. (d) 

21. (d) 

22. (c) 

23. (c) 

24. (a) 

25. (a) 

26. (c) 

27. (b) 

28. (d) 

29. (c) 

30. (a) 

31. (c) 

32.'(b) 

33. (d) 

34. (b) 

35. (c) 

36. (d) 

37. (a) 

38. (d) 

39. (b) 

40. (a) 

41. (a) 

42. (d) 

43. (c) 

44, (b) 

45. (a) 

46. (c) 

47. (a) 

48. (d) 

49. (d) 

50, (d) 

51. (c) 

52. (b) 

53. (a) 

54. (a) 

55. (a) ' 

56. (c) 

57. (d) 

58. (c) 

59. (c) 

60. (b) 

61. (b) 

62. (b) 

63. (c) 

64. (a) 

65. (b) 

66. (d) 

67. (b) 

68. (a) 

69. (a) 

70. (c) 

71. (d) 

,72. (d) 

73. (b) 

74. (a) 

' 75. (a) 

76. (b) 

77. (c) 

78. (d) 

79. (c) 

80. (a) 

81. (b) 

82. (d) 

83. (a) 

84. (d) 

85. (c) 

86. (d) 

87. (b) 

88. (d) 

89. (b) 

90. (c) 

91. (a) 

92/(b) 

, 93. (b) 

94. (b) 

95. (a) 

96. (a) 

97. (d) 

98. (c) 

99. (a) 

100. (c) 

101. (b) 

102. (c) 

103. (c) 

104. (c) 

105. (a) 

106. (b) 

107. (b) 

108. (b) 

109. (c) 

110. (a) 

111. (b) 

112. (a) 

113. (d) 

114. (a) 

115. (b) 

116. (a) 

117. (d) 

118. (a) 

119. (c) 

120. (a) 

121. (d) 

122. (c) 

123. (c) 

124. (b) 

125. (d) 

126. (d) 

127. (c) 

128. (b) 

129, (a) 

130. (e) 

131. (a) 

132. (b) 

133. (c) 

134. (a) 

135. (c) 

136, (e) 

137. (c) 

138. (c) 

139. (b) 

140. (a) 

141. (a) 

142. (b) 

143. (c) 

144. (b) 

145. (a) 








• Set-2 








1. (b, c, d) 

2. {a,d) 

3. (a, c) 

4. (a,b,c) 

5. (a,b,c') 

6. (a, b, d) 

7. (b,c,d) 

8, (b.c) 


9. (a,d) 



1. (d) 2. (b) 3. (a) 4. (a) 5. (a) 6. (c) 7. (c) 8. (c) 

9. (a) 10. (a) 11. (a) 12, (b) 13. (b) 14. (d) 15. (b) 
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B3ECTIVE Questions f* 


The following questions contain single correct option: 

1. Which of the following statements are correct? 

1. On the application of an electric field, the particles of 
lyophobic sol may move in either direction or not move at 
all. 

2. Surface tension of lyophobic sols is similar to that of the 
dispersion medium. 

3. Electro-osmosis is the movement of the particles of 
dispersion medium under the influence of an electric field. 

Select the correct answer using codes given below: 

Codes: 

(a) 1,2 and 3 (b) land 3 (c) 2 and 3 (d) land 2 

2. Which of the following statements are correct? 

1. The smaller the gold number of lyophobic colloid, the 
larger will be its protective power. 

2. Lyophilic sols, in contrast to lyophobic sols are easily 
coagulated on addition of small amounts of electrolytes. 

3. Ferric chloride solution is used to stop bleeding from a 
fresh cut because it coagulates the blood. 

4. The flocculation value of arsenious sulphide sol is 
independent of the anion of the coagulating electrolyte. 

Codes: 

(a) 1, 2 and 3 (b) 1, 3 and 4 (c) 2, 3 and 4 (d) 1,2 and 4 

3. Match the List-I with List-II and select the correct answer 


using the codes given below the lists: 


List-I 



Llst-H 


A. Coagulation 


1 . 

Scattering 


B. Lyophilization 


2 . 

Washing of precipitates 

C. Peptization 


3. 

Purification of colloids 

D. Tyndall effect 


4. 

Electrolyte 


Codes: 





A 

B 


C 

D 

(a) 4 

—- 


2 , 

1 

(b) 2 

— 


3 

4 

(c) - 

1 


2 

4 

(d) 4 

3 


1 

— 


4. The flocculating power of the given ions for the specified 
colloidal sols will be such that: 


Arsenic sulphide sol Ferric hydrojdde sol 


(a) [Fe(CN)g]'^^> POf >SO|^ >Cr 

Al^"^ > Ba^"^ > Na^ 

(b) Al^-" > Ba^"- > Na”" 

[Fe(CN)gf- > POl- > 


sof- > cr 

(c)Na'' > Ba^"- > Al^-*- 

cr > sof > pof > 


Fe(CN)6]'‘- 

(d) cr> SO^ > PO^^ > [Fe(CN)6 

Na-" > Ba^-" > Al^"- 


5. The coagulation value in millimoles per litre of electrolytes 
used for the coagulation of AS 2 S 3 are as below: 

LNaCl = 52 I1.KC1 = 51 

ni. BaClj = 0.69 IV. MgS 04 = 0.22 

The correct order of their flocculating power is: 

(a)i>ii>iii>iv (b)i>ii>ni=rv 

(c)iv>m>ii>i (d)iv = ][n>ii>i 

6 . Cotrell precipitator works on the principle of: 

(a) distribution law 

(b) addition of electrolyte 

(c) neutralisation of charge on colloids 

(d) Le Chatelier’s principle 

7. The substances involved in micellization are: 

(a) polyphilic in nature (b) non-polar in nature 
(c) diphilic in nature (d) uniphilic in nature 

8 . The swelling of ‘geT when placed in water is called: 

(a) gelation (b) imbibition (c) thixotropy (d) syneresis 

9. A lyophilic sol is at its isoelectric point then it is: 

(a) negatively charged (b) positively charged 

(c) not charged (d) none of these 

10. Sedimentation potential is reverse of: 

(a) electro-osmosis (b) electrophoresis 

(c) electrokinetic potential (d) streaming potential 

11. The potential difference between the fixed charged layer and 
the diffused layer having opposite charge is called: 

(a) zeta potential (b) colloidal potential 

(c) Dorn potential (d) streaming potential 

12. Silver iodide is used for producing artificial rains because 
Agl: 

(a) is easy to spray at high altitude 

(b) is insoluble in water 

(c) is easy to synthesize 

(d) has crystals similar to ice 

13. All colloidal solutions show: 

(a) very high osmptic pressure 

(b) high osmotic pressure 

(c) low osmotic pressure 

(d) no osmotic pressure 

14. Colloidion is a colloidal solution of: 

(a) sucrose in water 

(b) cellulose in water 

(c) cellulose nitrate in water 

(d) cellulose nitrate in ethyl alcohol 

15. During micelle formation: 

(a) AH = + ve, AS = + ve (b) AH = - ve, AS = - ve 
(c) AH = - ve, AS = + ve (d) AH = + ve, AS = - ve 

16. Which of the following is not the property of hydrophilic 
solutions? 

(a) High concentration of (^ersed phase can be easily 
obtained 









416 


G.R.B. Physical Chemistry For Competitions 


(b) Coagulation is reversible 

(c) Viscosity and surface tension are nearly same as that of 
water 

(d) The charge of the particles depends on the pH of the 
medium and it may be positive, negative or zero 

17. The coagulation of 100 mL of colloidal solution of gold is 
completely prevented by addition of 0.25 g of a substance “Jf ” 
to it before addition of 1 mL of 10% NaCl solution. The gold 
number of “Z” is: 


(a) 0.25 (b)25 (c)250 (d)2.5 

[Hint: Number of milligrams of protective colloid added in 
10 mL of colloidal gold to prevent its coagulation on addition of 
1 mL of 10% NaCl solution is called te gold number. 

Gold number of present colloid = 25 } 

18. Select the non-elastic gel out of the following: 

(a) starch (b) agar-agar (c) silicic acid (d) gelatin 

19. The colligative properties of a colloidal solution compared to 

the solution of non-electrolyte of same concentration will be: 

(a) same (b) higher 

(c) lower (d) higher or lower 

20. 1 mole of Agl/Ag^ sol. is coagulated by: 

(a) 1 mole of KI (b) 500 mL of 1 M K 2 SO 4 

(c) 300 mLoflMNa 3 P 04 (d) 1 mole of Agl 

21. Match the List-I (Colloidal dispersion) with List-II (Nature of 
the dispersion) and select the correct answer using the codes 


given below the lists: 
List-I 

(Colloidal dispersion) 

A. Milk 

B, Clouds 


(SCRA2007) 

List-II 

(Nature of dispersion) 

1. Solid in liquid 

2. Liquid in gas 


C. Paints 

D. Jellies 


3. Solids in solid 

4. Liquids in liquid 

5. Liquid in solid 


(a) A-4, E-2, C-1, D-5 (b) A-1, B-5, C-3, D-2 

(c) A-4, B-5, C-1, D-2 (d) A-1, B-2, C-3, D-5 

22. At CMC, the surfactant molecules undergo: 

(a) association (b) aggregation 

(c) micelle formation (d) all of these 

23. The blue colour of the water of the sea is due to: 

(a) reflection of blue light by salts present in water 

(b) scattering of blue light by sol. particles 

(c) refraction of blue coloured light by the impurities present 
in seawater 

(d) absorption of radiation of different colours except blue 
light 

24. Statement ; To stop bleeding from an injury ferric chloride 
can be applied. 

Which comment about the statement is justified? 

(PMT (Kerala) 2008] 

(a) It is not true, ferric chloride is a poison 

(b) It is true, Fe^^ ions coagulate blood which is negatively 
charged sol 

(c) It is not true, CL ions form positively charged sol, profuse 
bleeding takes place 

(d) It is true, coagulation takes pl^e because of formation of 
negatively charged sol with CL ions 

(e) It is not true, ferric chloride is ionic and gets into blood 
stream 



1. (c) 

2. (a) 

3. (a) 

4. (b) 

5. (c) 

6. (c) 

^ 7. (c) 

8. (b) 

9. (c) 

10. (b) 

11. (a) 

12. (a) 

13. (c) 

14. (c)- 

IS. (a) 

. 16. (c) 

17. (b) 

18. (c) 

19. (c) , 

20. (a) 

21. (a) 

22. (d) 

23. (b) 

24. (b) 



|JNKEE»)|CmPREHENSION QUESTIONS «l 


• Passage 1 

There are certain substances which behave as normal, strong 
electrolytes at law concentration but at higher concentration they 
behave as colloidal solutions due to the formation of aggregated 
particles. Such colloids are called associated colloids and the 
aggregated particles are called micelles. Soaps and detergents are 
the examples of associated colloids. The formation of micelles takes 
place above certain concentration called critical micellization 
concentration (CMC) and a characteristic temperature. 

Answer the following questions; 

1 . Micelles are: 

(a) emulsions cum gels 

(b) associated colloids 

(c) adsorbed catalysts 

(d) idealsolutions 


2. What type of molecules form micelles? 

(a) Non-polar molecules 

(b) Polar molecules 

(c) Surfactant molecules 

(d) Salt of weak acid and weak base 

3 . Micelles are formed only; 

(a) below the CMC and the Kraft temperature 

(b) above the CMC and below the Kraft temperature 

(c) above the CMC and above the Kraft temperature 

(d) below the CMC and above the Kraft temperature 

4 . Above CMC, the surfactant molecules undergo; 

(a) dissociation (b) aggregation 

(c) micelle formation (d) all of these 
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5. Micelles are used in: 

(a) detergents (b) magnetic separation 

(c) petroleum recovery (d) all of these 

• Passage 2 

Emulsions are also the colloidal solutions in which disperse 
phase as well as dispersion medium are liquids. It may be oil in 
water or water in oil type. Bancroft proposed that the phase in which 
the emulsifier is more soluble becomes the outer phase of the 
emulsion. Emulsifiers can be used to stabilize the emulsion. Soaps, 
detergents, proteins and gum, etc., are used as emulsifiers. 

Answer the following questions: 

1. Addition of lyophilic solution to the emulsion forais; 

(a) a protective film around the dispersed phase 

(b) a protective film around the dispersion medium 

(c) an aerosol 

(d) true solution 

2. Which of the following examples is/are oil in water type 
emulsion? 

(a) Ink (b) Detergent ” 

(c) Soap (d) Milk 

3. Emulsions can be destroyed by: 

(a) the addition of emulsifier which tends to form another 
emulsion 

(b) electrophoresis with high potential 

(c) freezing 

(d) all of the above 

4. Which of the following is homogeneous? 

(a) Milk (b) Paint 

(c) Shampoo (d) None of these 

5. Milk is an emulsion in which: 

(a) milk fat is dispersed in water 

(b) a solid is dispersed in water 

(c) a gas is dispersed in water 

(d) lactose is dispersed in water 


Passage 3 

The process of dialysis finds application in the purification of 
blood by artificial kidney. In this method, impure blood is introduced 
in the artiftckil kidney apparatus, where the waste material 
{electrolyte) diffuses through the membrane. The membrane used in 
the dialyser is different from the membrane used in osmosis. These 
membranes alloW the movement of ions through them. 

Blood is a negatively charged sol The haemoglobin particles 
carry a positive charge. Blood is slightly alkaline .{pH 7.36-7.42). 
Acidic salts like alum and FeCl^ decrease the pH of the blood and the 
denaturation of globular proteins present in blood takes place. Due 
to denaturation, these globular proteins become fibrous which are 
insoluble and stop bleeding. Blood is lyophobic in nature. 

Answer the following questions; 

1. To stop bleeding, FeCl 3 is applied locally because; 

(a) FeC33 seals the blood vessels 

(b) FeCl 3 changes the direction of blood flow 

(c) FeCl 3 reacts with blood to form a solid substance which 
seals the blood vessel 

(d) FeCl 3 causes denaturation of proteins present in blood 

2. Which of the following colloidal solutions does not contain 

negatively charged particles? 

(a) Fe(OH )3 (b) AsjSj (c) Blood (d) Gold sol 

3. The coagulating power of an electr olyte for blood decreases in 

the order: 

(a) Na^, Al^"^, (b) PO^, SOf, Cf 

(c) Al^-*-, Ba^\ Na"- (d) a^, SOj', PO^ 

4. Which of the following stateinents is/are not true? 

(a) Blood is positively charged sol 

(b) Soap solution contains ionic miceiles as the colloidal 
particles 

(c) Blood is purified by the process of dialysis 

(d) and K* cause coagulation of blood if added in 
excess 

5. Which of the following is/are lyophobic colloids? 

. (a) Blood (b) Starch (c) Gelatin (d) Gold 




Fass^/el. 

1. (b) 

2. (c) 

3. (c) 

4. (b, c) 

t 

S. (a,c) 

PaiK^l. 

1. (a) 

2. (d) 

3. (b,c) 

4. (d) 

5. (a) 

Passes. 

1. (d). 

2. (a) 

3. (c) 

4. (a) 

. 5. (a, d) 
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<@> Self Assessment 

ASSIGNMENT NO. 6 


SECTION-I 

Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. Dispersed phase and dispersion medium in butter are 

respectively: [EAMCET (Medical) 2007] 

(a) solid and liquid (b) liquid and liquid 

(c) liquid and solid (d) solid and solid 

2. Which one of the following acts as the best coagulating agent 

for ferric hydroxide sol? [PMT (Kerala) 2007] 

(a) Magnesium chloride (b) Hydrochloric acid 

(c) Aluminium chloride (d) Potassium oxalate 

(e) Potassium ferricyanide 

3. The colloidal sol found effective in the treatment of eye 
disease is: 

(a) colloidal sulphur (b) colloidal antimony 

(c) colloidal silver (d) colloidal gold 

4. When alcohol is added to the saturated solution of calcium 
acetate in water then we first of aO get sol which changes to 

gelatinous mass called solid alcohol. Solid alcohol is. 

(a) aerosol (b) gel 

(c) solid foam (d) solid sol 

5. Colloidal solutions of gold prepared by different methods are 
of different colours because of: 

(a) variable valency of gold 

(b) impurities produced by different methods 

(c) different diameters of colloidal gold particles 

(d) different concentration of gold particles 

6. Emulsions of polyvinyl acetate are used in: 

(a) polishes (b) latex paints . 

(c) fireworks (d) rayons 

7. The outcome of internal liquid of gel on shaking is called: 

(aj syneresis (b) imbibition 

(c) thixotropy (d) precipitation 

8 . Which of the following shows the maximum hydrophobic 
behaviour? 

(a) Adenine (b) Glucose 

(c) Stearic acid (d) Glycine 

9. The solution of natural rubber in benzene is an example of: 

(a) lyophobic colloids (b) macromolecular colloid 
(c) multimolecular colloid (d) associated colloid 

10. When NaCl solution is added to Fe(OH )3 sol then: 

(a) [Fe(OH) 3 ]Fe^^-isformed 
(bfiFeiOHijiCr is formed 

(c) Fe(OH )3 is coagulated 

(d) [FefOHijJNa'*^ is formed 


SECTION-li 

Multiple Answers Type Objective Questions 

11. Which of the following are lyophilic in nature? 

(a) Gum (b) Sulphur (c) Starch (d) Protein 

12. Surfactant molecules form micelles in aqueous solution, 
which: 

(a) tend to congregate due to their hydrophobic tails 

(b) are colloidal-sized cluster of molecules 

(c) provide protection due to their hydrophobic head 

(d) none of the above 

13. Crystalloid and colloid differ with respect to: 

(a) Tyndall effect 

(b) particle size 

(c) diffusion through animal or vegetable membrane 

(d) number of particles per unit volume of solution 

14. Select the correct statements among the following: 

(a) Milk is emulsion of fat in water 

(b) An emulsifier stabilizes the emulsion 

(c) Emulsifier forms a thin film around the droplets of 
dispersed phase 

(d) Milk is an emulsion of protein in water 

15. Which of the following statements are true? 

(a) Flocculation value is inversely proportional to the 
coagulating power 

(b) Colloidal silica is a protective colloid 

(c) Alum is used for cleaning muddy water 

(d) Gelatin is added in ice cream, it acts as emulsifier 

SECTION-m 

Assertion-Reason Type Questions 

This section contains.-5 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has .following 4 choices (a), (b), (c) and (d), out of 
which oply one is correct. 

(a) .Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement-1. 

(c) Statement-1 is trae; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 

16. Statement-1: Micelles are formed by surfactant molecules 
above the critical micellar concentration (CMC). 

Because 

Statement-2: The conductivity of solution having surfactant 
molecules decreases sharply at the CMC. (IIT 2007) 

[Hint: Micellisation takes place above certain minimum 
concentration called critical micellar concentration (CMC). Each 
micelle contains at least 100 molecules, therefore conductivity of 
solution decreases sharply at the CMC.] 


















419 




The Colloidal State 


17. Statement-1 ; Aqueous gold colloidal solution is red in colour. 

Because 

Statement-2: The colour arises due to scattering of light by 
colloidal gold particles. 

18. Statement-1: An emulsion becomes stable if soap is added to 
-it. 

Because 

Statement-2: Soap contains hydrophobic and hydrophilic 
parts. 


19., Statement-1: Colloidal solutions are electrically neutral. 

Because 

Statement-2: Dispersed phase and dispersion medium are of 
same charge. 

, 20. Statement-1: Colloidal sol scatter the beam of light while true 
solutions do not. 

Because 

Statement-2: The particles in colloidal sol are bigger than 
those of true solutions. 





1. (b) 
9. (b) 
17, (b) 


3. (c) . 

11. (a,c,d) 
19. (c) 


4. (b) 5. (c) 6. (b) 7. (c) 

12. (a, b, c) 13. (a, b, c) 14. (a, b, c) 15. (a, c, d) 

20. (a) 


2. (e) 
10. (c) 
18. (a) 


8. (a) 
16. (b) 










CHEMICAL THERMODYNAMICS 
1 AND THERMOCHEMISTRY 


INTRODUCTION 

Thermodynamics is a Greek word. Its literal meaning is motion 
or flow (dynamics) of heat (thermos). However, the term is used 
in a more general way. Thermodynamics is the branch of 
science which deals with all changes in energy or transfers of 
energy that accompany physical and chemical processes. It is 
concerned with interconversion of various forms of energy. 

Chemical thermodynamics is the branch of 
thermodynamics which deals with the study of processes in 
which chemical energy is involved. 

Or 

Chemical thermodynamics is one of the branches of 
physical ^emistry which deals vrith transport of heat either 
as a result of physical change or as a result of chemical 
change. 

Chemical thermodynamics is concerned with the following 
questions: 

(i) When two or more substances are put together, will they 
react? 

(ii) If they do react, what energy changes will be associated 
with the reaction? 

(iii) If a reaction occurs, at what concentrations of the 
reactants and their products will equilibrium be established? 

Thermodynamics is not concerned with the total energy of the 
body but only with energy changes taking place during the 
transformation. The study of thermodynamics is based on three 
generalisations derived from experimental results. These 
generalisations are known as first, second and third law of 
thermodynamics based on human experience and there is no 
formal proof for them. Scientists are of the view that nothing 
contrary to these laws will ever occur. 

Limitations of thermodynamics: (i) The laws of 
thermodynamics apply only to the matter in bulk, i.e., 
macroscopic system and not to individual atoms or molecules of 
the macroscopic system. Thermodynamics does not deal with 
internal structure of atoms and molecules, (ii) Thermodynamics 
can only predict the feasibility or spontaneity of a process under a 


given set of conditions but does not tell anything about the rate at 
which the given process may proceed. It is only concerned with 
initial and final states of the system. For example, 
thermodynamics predicts that the reaction between oxygen and 
hydrogen is possible under ordinary conditions but does not tell 
whether the reaction is fast or slow. 

7.2 TERMS USED IN THERMODYNAMICS 

Before we study the lav s of thermodynamics, it is necessary to 
define some of the basic terms which are frequently used in its 
discussion: 

(i) System, Surroundings and Boundary: A system is 
defined as a specified part of the universe or specified portion 
of the matter which is under experimental investigation and 
the rest of the universe, Le., all other matter which can 
interact with the system, is surroundings. 

Anything which separates system and surroundings is called 
boundary. The boundary may be real or imaginary; it may 
be rigid or non-rigid; it may be a conductor or a non-conductor of 
heat. The terms diathermic wall and adiabatic wail are used for 
conductor and non-conductor of heat boundaries respectively. 

For example, a reaction is carried out in a beaker. The contents 
of the beaker constitute the system, beaker serves as boundary 
and the beaker, the air and anything else in the vicinity constitute 
the surroundings. 

(ii) Types of System: There are three types of system; 

(a) Isolated system: This type of system has no interaction 
with its surroundings. The boundary is sealed and insulated. 
Neither matter nor energy can be exchanged with surroundings. 
A substance contained in an ideal thermos flask is an example of 
an isolated system. 

(b) Qosed system: This type of system can exchange 
energy in the form of heat, work or radiations but not matter with 
its surroundings. The boundary between system and 
surroundings is sealed but not insulated. For example, liquid in 
contact with vapour in a sealed tube forms a closed system. Heat 
can be transferred through the walls of the tube to the 
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surroundings but total amount of matter remains the same as 
vapours cannot escape. 

(c) Open system: This type of system can exchange matter 
as well as energy with surroundings. The boundary is riot sealed 
and not insulated. Sodium reacting with water in an open beaker 
is an dcample of open system as hydrogen escapes and heat of the 
reaction is transferred to the surroundings. 

On the basis of composition, there are two types of systems: 

(1) Homogeneous system: A system is said to be 
homogeneous when it is completely uniform throughout. A 
homogeneous system is made of one-phase only. Examples are; a 
pure single solid, liquid or gas, mixture of gases and a true 
solution. 

(2) Heterogeneous system: A system is said to be 
heterogeneous when it is not unifoim throughout, i. e., it consists 
two or more phases. Examples are: ice in contact with water, two 
or more immiscible liquids, insoluble solid in contact with a 
liquid, a liquid in contact with vapour, etc. 

(iii) Thermodynamic Properties: These are of two types: 

(a) Intensive properties: The properties which do not 
depend upon the quantity of matter present in the system or size of 
the system are called intensive properties. Pressure, temperature, 
density, specific heat, surface tension, refractive index, viscosity, 
melting point, boiling point, volume per mole, concentration, etc.,' 
are the examples of intensive properties of the system. 

(b) Extensive properties: The properties whose magnitude 
depends upon the quantity of matter present in the system are 
called extensive properties. 

Extensive property is an additive property of the system. For a 
heterogeneous system consisting of several phases, the total 
value of^ extensive property will be equal to the sum of 
contributions from several phases. 

The following are some salient features of these properties ; 

(i) In a system having two or more substances, the extensive 
property will depend not only on the independent variables but 
also on the number of moles of different components present in it. 

(ii) If an extensive property is expressed per mole or per gram, 
it becomes intensive property. For example, mass and volume are 
extensive properties but density (mass per unit volume) and 
specific volume (volume per unit mass) are intensive properties. 

(iii) The product, sum and ratio of intensive properties are also 
intensive properties. Let Zand Fbe two intensive properties, then 

Y riY 

(X + F); XY; —; — are intensive properties. 

F dF 

(iv) Let X and Fbe the two extensive properties, then 

(a) (Z + F) will also be an extensive variable. 

Z dX 

(b) — and — will be intensive variables. 

F 3F 


Extensive and intensive properties 


Intense properttes 

ExMirive properties 

Molarity 

Heat capacity 

Molality 

Mass 

Concentration 

Volume 


Density 

Number of moles 

Temperature 

Gibbs free energy. ' 

Pressure 

Enthalpy 

Mole fraction 

Entropy 

Molar enthalpy 

Internal energy 

Molar entropy 

Refractive index 

Specific heat 

Viscosity 

Surface tension 

Dielectric constant 



When the total mass, temperature, volume, number of moles 
and composition have definite values, the system is said to be in a 
definite state. When there is any change in any one of these 
properties, it is said that the system has undergone a change of 
state. 

(iv) State Functions or State Variables: Fundamental 
properties which determine the state of a system are referred to as 
state variables or state functions or thermodynamic 
parameters. The change in the state properties depends only 
upon the initial and final states of the system, but is independent 
of the manner in which the change has been brought about. In 
other words, the state properties do not depend upon a path 
followed. 

Following are the state variables that are commonly used to 
describe the state of the thermodynamic system: 


1. Pressure (P) 

3. Volume (K) 

5. Enthalpy (H) 

1. Free energy (G) 


2. Temperature (T) 

4. Internal energy {E) 

6. Entropy (5) 

8. Number of moles (n) 


(v) Thermodynamic Processes: When the thermodynamic 
system changes from one state to another, the operation is called a 
process. The various types of the processes are; 

(a) Isothermal process: The process is termed isothermal 
if temperature remains fixed, i. e ., operation is done at constant 
temperature. This can be achieved by placing the system in a 
constant temperature bath, i.e., thermostat. For an isothermal 
process dT =X), i. e. ,heat is exchanged with the surroundings and 
the system is not thermally isolated. 

(b) Adiabatic process: If a process is carried out under 
such condition that no exchange of heat takes place between the 
system and surroundings, the process is termed adiabatic. The 
system is thermally isolated, Le., dQ = 0. This can be done by 
keeping the system in an insulated container, i. e ., thermos flask. 
In adiabatic process, the temperature of the system varies. 

(c) Isobaric process; The process is known as isobaric in 
which the pressure remains constant throughout the change, L e ., 
dP = 0. 

(d) isochoric process: The process is termed as isochoric 
in which volume remains constant throughout the change, i. e., 
dV=Q. 
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(e) Cyclic process: When a system undergoes a numbei of 
different processes and finally returns to its initial state, it is 
termed cyclic process. For a cyclic process dE = Q and dH - 0. 

(f) Reversible process: A process which occurs 
infinitesimally slowly, i. e., opposing force is infinitesimally 
smaller than driving force and when infinitesimal increase in the 
opposing force can reverse the process, it is said to be reversible 
process. In fact, a reversible process is considered to proceed 
from initial state to final state through an infinite series of 
infinitesimally small stages and at every stage it is virtually in 
state of equilibrium. A reversible process is an ideal process and 
canpot be realised in practice. 

(g) Irreversible process: When the process goes fi-om 
initial to final state in single step in finite time and cannot be 
reversed, it is termed as irreversible process. In such a case 
equilibrium state exists only at the initial and final stages of the 
process. An irreversible process is spontaneous in nature. It is 
real and can be performed in practice. All natural processes are 


irreversible in nature. 

... .-'Reversiblepmcess* 

Irreversible process 

1. It is an ideal process and takes 
infinite time. 

It is a spontaneous process and 
takes finite time. 

2. The driving force is infinitesi- 
imlly greater than the opposing 
force. 

The driving force is much 
greater than the opposing force. 

3. It is in equilibrium at all stages. 

Equilibrium exists in the initial 
and final stages only. 

4. Work obtained is maximum. 

Work obtained is not maximum. 

5. It is difficult to realise in 
practice. 

It can be performed in practice. 


Nature of Work and Heat 

Work is a mode, of energy transfer to or fi:om a system with 
reference to the surroundings. If an object is displaced through a 
distance d x against a force of F, then the amount of work done is 
defined as 

W---Fxdx 

There are many types of work and all of them could be 
expressed as the product of two factois: 

(i) an intensity factor, 

(ii) a capacity factor. 

Some of them are; 

(a) Gravitational work = (mg) X A 

where, »i = mass of body, g = acceleration due to gravity, 
h = height moved. 

(b) Electrical work = charge X potential 

= QxV 

where, Q = charge, V = potential gradient. 

(c) Mechanical (F 2 - F, ) = AV 

where, Pex. = external pressure, AF= increase or decrease in 
volume. 

Work_associated with change in volume of a system against 
external pressure is called mechanical work. 


^ext = intensity factor 
A F = capacity factor 

Work (w) is a path-dependent function, it is a manifestation of 
energy. Work done on a system increases the energy of the system 
and work done by the system decreases the energy of the system. 
Work done on the system, w = -I- ve 
Work done by the system, w = - ve 

Heat may be defined as the quantity of energy which flows 
between a system and its surroundings on account of temperature 
difference. Heat always flows from high temperature to low 
temperature. 

Heat absorbed or evolved, AQ = mr At 
where, m = mass of substance, s = specific heat 
and At = temperature difference. ' 

(i) Heat flowing into the system, Agor Aff = +ve. 

The process in this case is endothermic in which the 
temperature of the system is raised and that of the surroundings is 
lowered. 

(ii) Heat flowing out of the system, AQ or AH = - ve. 

The process in this case is exothermic in which the 
temperature of the system is lowered and that of the surroundings 
is raised. 

Units of Heat and Work: The unit of heat is calorie (cal). It 
is defined as the quantity of heat required to raise the temperature 
of one gram of water by 1 °C. 

Since, heat and work are interrelated, SI unit of heat is the 
Joule (J). 

1 joule-0.2390cal 
lcalorie = 4.184 J 
lkcal = 4.184kJ 
1 litre-atm= 101.3 J 

= 1.013x10’erg 
= 24.206 cal 



Example 1. A gas expands by 0.5 litre against a constant 
pressure of one atmosphere. Calculate the work done in joule and 
calorie. 

Solution: Work =x volume change 

= -lx0.5 = -0.5 litre -atm 
' =-0.5x101.3281 = -50.664 J 

0.5 litre-atm = -0.5 x 24.20cal =- 12.10cal 
: Example!. One mole of an ideal gas is put through 
series of changes as shown in the graph in which A , B and 
mark the three stages of the system. At each stage the variables 
are shown in the graph. 

(a) Calculate the pressure at three stages of the system. 

(b) Name the processes during the following changes: 

(/) A toB (ii) B to C (Hi) C to A and (iv) overall change. 


O a 
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Solution: (a) At stage/i: 

V = 24.0L; r = 300 K; « = 1; = 0.0821 litre-atm moH' 


Substituting these values in the ideal gas equation, 
PV = nRT, 
1x0.0821x300 


P = 


24.0 


■ 1.026 atm 


At stage Bi Volume remains the same but temperature 
changes fiom 300 K to 600 K. Thus, according to pressure law, 
the pressure will be doubled at B with respect to A. 

Pressure at S = 2 x 1.026 = 2.052 atm 
At stage C: Temperature is 300 K and volume is half that of 
stage A. Thus, according to Boyle’s law, the pressure at C will be 
doubled with respect to 

■ Pressure at C = 2 x 1.026 = 2.052 atm 


(b) (i) During the change from ^ to J, volume remains 
constant,"the process is isochoric. 

(ii) During the change from i? to C the pressure remains 
constant, the process is isobaric. 

(iii) During the change from C to , the temperature remains 
constant, the process is isothermal. 

(iv) Overall, the process is cyclic as it returns to initial state. 


Examples. The diagram shows a P-V graph of a 
thermodynamic behaviour of an ideal gas. Find out from this 
graph (i) work done in the process A B,B ^C,C and 
D^A, (ii) work done in the complete cycle 
A-^B ~y>C -^D -> A. 

Solution: (i) Work done in the process A -)B (the process 
is expansion, hence work is done by the gas) 



j_I_I_I I I 

1 2 3 4 5 6 

V (litre) -► 


= -Px^/F = -12xl0® x5xl0“^ 

= -6000J 

Work done in the process .8 —> C is zero as volume remains 
constant. 

Work done in the process C —> D (The process is contraction, 
hence work is done on the gas) 

= Px^/F = 2xlO^ xSxlO-^ 

= 10001 

(ii) Work done in the process A is zero as volume 
remains constant. 

Net work done in the whole cycle = - 6000 + 1000 = - 5000 J 

f. e., net work is done by the gas. 

Example 4. Calculate the work done when 1.0 mole: of 
water athlS K vaporizes against an atmospheric pressure of 1 .0 
atmosphere. Assume ideal gas behaviour. 

Solution; The volume occupied by water is very small and 
thus the volume change is equal to the volume occupied by one 
gram mole of water vapour. 

■ ^ nRT 1.0x0.0821x 373 

^ Y= -=-=31.0 litre 

P 1.0 

W = -P^^xLV = -{\ .0) X (31.0) litre -atm 
= -(31.0)x 101.3 J =-3140.3 J 

Example 5. Identify different steps in the following cyclic 
process: 

Temperature At A,B 
and F is Tj and at C, 

D and EisTi 

71 > 7’2 


V-► 

Solution: (i) A^B (Temperature and pressure are 
. constant). 

It is isothermal and isobaric process. 

(ii) B -^C : It is adiabatic expansion in which temperature 
falls from Tj to Tj. 

(iii) C (Temperature and volume are constant) 

This process is isothermal and isochoric.. 

(iv) D^E (Temperature and pressure are constant) 

It is isothermal and isobaric contraction. 

(v) E —^F (It is adiabatic compression in which temperature 
increases from TjtoTi). ' 

(vi) F ^ A (Temperature and volume are constant). 

.;. It is isothermal and isochoric process. 

Example 6. One mole of a monoatomic gas is subjected to 
following cyclic process: 
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V-► 

(a) CalculateandT 2 . 

(h) Calculate AE, q and W in calories in each step of cyclic 
ptocess. 

Solution: (a) At^ : 

PV = nRT 

20xl=lx0.0821xri 
r, =243.6 K 

MB'. PV = nRT 

20x10= lx 0 . 0821 xr 2 
r2 = 2436.05 K 

(b) Path AB : Isobaric process (AE = 0,q = W ) 

If = PA F = 20 X 9 = 180 litre ratm 

180x101.3 , 

=-cal 

4.185 


= 4356.9 cal (Work in compression is positive) 

Path BC : Isochoric process 
W = (> 

= A17 = « Cp, AF = 1X ^ P X (2436 - 243.6) 

= -x2x 2192.4= 6577.2cal 
2 

It is cooling process :qy-- 6577.2cal 

Path C4; It is isothermal compression AEg 

q = IP-^2303 nRT >og.^ 


q = W = 2.303 X 1X 2X log = 1 l22.02cal 



INTERNAL ENERGY 


Every system having some quantity of matter is associated with a 
definite amount of energy. This energy is known as internal 
energy. The exact value of this energy is not known as it includes 
all types of energies of molecules constituting the given mass of 
matter such as translational, vibrational, rotational, the kinetic 
and potential cneigy of the nuclei and-electrons within the 
individual molecules and the manner in which the molecules a 
linked together, etc. The internal eneigy is denoted by E. 


p fp 4- P 4- P 4- P 4- P 4- 

^ ^ translational ' ^ rotational ^ vibrational ' ^ bonding ’ ^ electronic'*' ■ ■ • 

Accurate measurements of some forms of energy which 


contribute to the absolute value of internal energy for a given 
substance in a given state is impossible. But one thing is certain 
that the internal energy of a particular system is a definite 
quantity at the given moment, irrespective of the manner by 
which it has been obtained. Internal energy like temperature, 
pressure, volume, etc., is a state function, i.e., total of all 
possible kinds of energy of a system is called its internal 
energy*. 

It is neither possible nor necessary to calculate the absolute 
value of internal energy of a system. In thermodynamics, one is 
concerned only with energy change which occurs when the 
system moves from one state to another. Let AE be the difference 
of eneigy of the initial state (£, )and the final state (P^ ), then 
AE = Ej--Ej 

AE is positive if Pj > E^ and negative if Py < P,. 

A system may transfer energy to or from the surroundings as 
heat or work or both. 

Characteristics of Internal Energy 

(i) Internal energy of a system is an extensive property. 

(ii) Internal energy is a state property. 

(iii) The change in the internal energy does not depend on the 
path by which the final state is reached. 

(iv) There is no change in internal energy in a cyclic process. 

Thermal Equilibrium and Zeroth Law of 
Thermodynamics 

When a hot body is kept in contact with a cold body the cold 
body warms up and the hot body cools down. The internal energy 
of the hot body decreases and that of cold body increases. The 
transfer of energy from the hot body to a cold body is a 
non-mechanical process. The energy that is transferred from one 
body to the other, without any mechanical work involved , is 
called heat. 

Two bodies are said to be in thermal equilibrium if no transfer 
of heat takes place when they are placed in contact. 

The temperature concept can be stated precisely by the fact 
that systems in thermal equilibrium with each other have the 
same temperature. 

Courses of thermodynamics usually deal with the three laws : 
the first, second and third laws, which constitute the subject 
matter of thennodynamics. However, at present an ever 
increasing use is made in thermodynamics of the law of thermal 
equilibrium formulated by R. Fowler in 1931, i.e., the Zeroth law 
of thermodynamics. This law was formulated after the first and 
the second laws had been enunciated. 

This law states: If two systems are in thermal equilibrium with a 
third sy’Stem, they are also in thermal equilibrium with each other. 

Conversely, the law can be stated as follows : 

If three or more systems are in thermal contact with each other 
by means of diathermal walls and are all in thermal equilibrium 
together, then any two systems taken separately we in thermal 
equilibrium with each other. 

Now let us consider three systems A, B and C as shown in Fig. 
7.1. It is an experimental fact that if system A is in thermal 


*The word internal is often omitted and the word energy implies internal energy of a system. 
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equilibrium with system C and system B is also in thermal 
equilibrium with system C, then A and 5 are in thermal 
equilibriurp with each other. 



Fig. 7.1 Systems in thermal equilibrium 

FIRST LAW OF THERMODYNAMICS 

This law has been stated in various forms but is merely the law of 
conservation of energy. It was given by Robert Mayer and 
Helmholtz. 

(i) Energy cannot be created or destroyed but it can be 
converted from one form to another. 

(ii) The total energy of the universe is constant. 

(iii) Whenever a quantity of one kind of energy disappears, an 
exactly equivalent quantity of energy in some other form must 
appear. 

(iv) It is impossible to construct a perpetual motion machine 
which could produce work without consuming energy. 

(v) The total energy of an isolated system remains constant 
though it may change from one form to another. 

When a system is changed from initial state to the final state, it 
undergoes a change in the internal energy from to i?. Thus, 
AE can be written as: 

AE = Ef'-~Ei 

The change in internal energy can be brought about in two 
ways: 

(a) Either by allowing the heat to flow into the system 
(absorption) or out of the system (evolution). 

(b) By doing work on the system or the work done by the 
system. 

Consider a system whose internal energy is E^. If the system is 
supplied q amount of heat, the internal energy of the system will 
become Ej + q. Now if work w is also done on the system, the 
final internal energy becomes £ 2 -Thus, 

£ 2 = El + q + w 

or E 2 - El = q + w 

or AE = q + w 

This is the mathematical statement of the first law of 
thermodynamics. In this statement, q is the heat absorbed and w is 
the work done on the system. 

In case q is the heat absorbed and w the work done by the 
system, then the relationship becomes 

AE = q + (-w) -q-w 

The first law of thermodynamics may also be stated as: 


'^’he net energy change of a closed system is equal to heat 
abprbed plus the work done on the system. 

Or 

The net energy change of a closed system is equal to heat 
absorbed minus the work done by the system. 

Or 

It is impossible to construct a mobile or perpetual machine 
that can work without consumption of any fuel energy. 

' ' Example 7. If 500 calorie of heat energy are added to a 
system and the system does 350 calorie of work on the 
surroundings, what is the energy change of the system? 

Solution: Heatabsorbed, g' = 500cal 

Work done by the system, w = - 350 cal 
Applying the first law of thermodynamics, 

AE = q + w= 500+ (-350)= 150calorie 

-' Example 8. If 100 calorie of heat are added to the same 
system as in example 1 and a work of 50 calorie is done on the 
system, calculate the energy change of the system. 

Solution: Heat absorbed, ^ = 100 cal 

Work done on the system, w = + 50 cal 
Applying the first taw of thermodynamics, 

AE = q + w = (100 + 50)= ISOcalorie 
In the above two examples, the final state is same but the paths 
adopted are different. Thus, the change in energy of the system 
depends on the initial and final states but does not depend on the 
path by which the final state has reached, q and ware, therefore, 
not state functions but AE is a state function. 

Some useful conclusions drawn from the first law: 

AE = q + w 

(i) When a system undergoes a change A E = 0, i. e. , thei'e is 
no increase or decrease in the internal energy of the system, the 
first law of thermodynamics reduces to 

0= g' + w 

or q = -w 

(heat absorbed from surroundings = work done by the system) 

or w = -q 

(heat given to surroundings = work done on the system) 

(ii) If no work is done, w = Oand the first law reduces to 

AE = q 

i. e. , increase in internal energy of the system is equal to the heat 
absorbed by the system or decrease in internal energy of the 
system is equal to heat lost by the system. 

(iii) If there is no exchange of heat between the system and 
surroundings, q = 0,the first law reduces to 

A£ = w 

It shows that if work is done on the system, its internal energy 
will increase or if work is done by the system, its internal energy 
will decrease. This occurs in an adiabatic process. 

(iv) In case of gaseous system, if a gas expands against the 
constant external pressure, P, let the volume change be AV. The 
mechanical work done by the gas is equal to -P x AF. 
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Substituting this value in = q^-w, 

AE = q-PAV 

When AF = 0, 

AE = q or qy 

The symbol cjy indicates the heat change at constant volume. 

Example 9. A gas contained in q cylinder fitted with a 
frictionless piston expands against a constant pressure 1 
atmosphere from'n volume of 4 litre to a volume o/14 litre. In 
doing so, it absorbs 800 J thermal energy from surroundings. 
Determine AE for the process. 

Solution: Given, q = 800 J 


AF = (14-4) = 10 litre 
w = -Py. AF = - lx 10= -10litre-atm 


But 0.082 litre-atm = 
So, W: 


1.987 cal 
10x1.987 


-242.3 cal 


0.082 

But 1 calorie =4.184 J 

So, w = -242.3x4.184 = -1013.7J 

Substituting the values in equation, 

A£' = 9 + w= (800- 1013.7)=-213.7 J 


7.5 EMTHALPY 


Heat content of a system at constant pressure is called enthalpy 
denoted by 

From first law of thermodynamics; 

Q = EyPV ...(i) 

Heat change at constant pressure can be given as 

A0 = A£-l-/'AF ...(ii) 

At constant pressure heat can be replaced by enthalpy. 

AH=AE + PAV ... (iii) 

Constant pressures are common in chemistry as most of the 
reactions are carried out in open vessels. 

At constant volume, AF = 0; thus equation (ii) can be written 
as 

AQ = AE 

.-. AH = Heat change or heat of reaction (in chemical process) 
at constant pressure 

AE = Heat change or heat of reaction at constant volume. 

(i) In case of solid! and liquids participating in a reaction, 

Aff« A£(PAF = 0) 

(ii) Difference between AH and A£ is significant when gases 
are involved in a chemical reaction. 

AH = AE + PAV 
AH =AE + AnRT 

Here, PAV^AnRT 

An- Number of gaseous moles of products - Number of 

gaseous moles of reactants. 
Using the above relation we can interrelate heats of reaction at 
constant pressure and at constant volume. 


7.6 HEAT CAPACITY 


Heat capacity of a system is defined as the quantity of heat 
required to raise the temperature of the system by one degree. Let 
a very small quantity of heat dq be given to a system and the 
temperature of the system rises by dT. 

dq 

Thus, Heat capacity =- 

dT 


The heat capacity of a system, particularly in a gaseous 
system, determined at constant volume, is different from that 
determined at constant pressure. 

At constant volume, q = AE 


So, Heat capacity at constant volume, Cy 


dE^ 

dT, 


At constant pressure, q = AE + PA Y = AH 
So, Heat capacity at constant pressure, Cp 



For 1 mole pf a gas, heat capacities at constant volume and 
constaitt pressure are denoted by Cy and Cp, respectively. These 
are termed as molar heat capacities. Thus, for 1 mole of a gas, 

'dE^ 


and 


Cy = 


Cp = 


dT, , 

Ml 

dT), 


The difference between C p and Cy is equal to the work done 
by 1 mole of gas in expansion when heated through 1°C. 

Work done by the gas at constant pfessure = P AV. 

For 1 mole of gas PV = RT. 

When temperature is raised by UC, the volume becomes 
F + AF; 

So, PiV + AV) = R(T+l) 

or PAV = R 


Hence, Cp -Cy = PAV = R 


Ratio of heat capacity 


C, 


'Vj 


depends on atomicity of gas. 


Atomicity 

Cy 

Cp=CyJrR 

II 

Monoatomic He, Ne, 


^-R 

5/2R , 

-Y =- - = 1.66 

Arete. 

2 

2 

312R 

Diatomic 

^-R 

Ir 

7/2R , 


2 

2 

5/2R 

Tri and polyatomic 
CO 2 , NHj, SO 3 

NO 2 , CH 4 etc. 

3R 

4R 

Y = — = 1.33 

3R 


Let nj and n, moles of two non-reacting gases A and B are 
mixed then heat capacity of the mixture may be calculated as. 

{Cy )] + n 2 {Cy )2 


(Q) 


V ^mixture 


+ n2 
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7.7 EXPANSION OF AN IDEAL GAS 

(i) Isothermal Expansion 

In an isothermal expansion, heat is allowed to flow into or oujt^ 
of the system so that temperature remains constant throughout the 
process of expansion. Since, for an ideal gas, the internal energy, 
AE, depends only on temperature, it follows that at constant 
temperature, the internal energy of the gas remains constant, i. e., 
AE is zero. 

■ ■ AE = 0 

According to first law of thermodynamics, 

AE = q + w 

Since, for isothermal process, AE = 0, hence 
q = -w 

This shows that in isothermal expansion, the work is done by 
the system at die expense of heat absorbed. The magnitude of q or 
w depends on the matmer in which the process of expansion is 
carried out, i.e. . whether it is carried reversibly or irreversibly. 

Calculation of AH can be done according to the following 
equation: 

H=E+PV 

or AH=^AE + A{PV) 

or AH=AE + AinRT) 

Since, for isothermal process, AE and AT are zero 
respectively, hence, 

AH=0 

Work done in reversible isothermal expansion 

Consider an ideal gas enclosed in a cylinder fitted with a 
weightless and frictionless piston. The cylinder is not insulated. 
The external pressure, , is equal to pressure of the gas, P^. 
Let it be P. 

p _ p _ p 

^ ext gas ' 

If the external pressure is decreased by an infinitesimal- 
amount dP, the gas will expand by an infinitesimal volume, dV. 
As a result of expansion, the pressure of the gas within the 
cylinder falls to P^^ - dP, i. e., it becomes again equal to the 
external pressure and, thus, the piston comes to rest. Such a 
process is repeated for a number of times, i. e., in each step the gas 
expands by a volume dV. 

Since, the system is in thermal equilibrium with the 
surroundings, the infinitesimally small cooling produced due to 
expansion is balanced by the absorption of heat from the 



Fig. 7.2 


surroundings and the temperature remains constant throughout 
the expansion. 

The work done by the gas in each step of expansion can be 
given as. 


d„ =- (P^i - dP) dV = - P^^^ ■dV = -~PdV 
dP ■ dV, the product of two infinitesimal quantities, is neglected. 

The total amount of work done by the isothermal reversible 
expansion of the ideal gas from volume F, to volume V 2 is, 
therefore. 


w 


ty-L 

= - I PdV 

iVx 


For an ideal gas. 
So, 

Integrating, 


IF, 

riRT 


-nRll 


¥2 dV 


V 2 


w = - log, ^ - 2.303nPr log 


F, 


At constant temperature, according to Boyle’s law, 

m=P2V2 


or 


So, 


Y 2 .. 

Vi ■ 
w ■■ 


El 

P 2 


■i.mriRT log 


Isothermal compression work of an ideal gas may be derived 
similarly and it has exactly the same value with positive sign. 


compression 


l.mnRT log = 23fi3nRT log - 
F, 


Work done in irreversible isothermal expansion 

Two types of irreversible isothermal expansions are observed, 
i. e ., (i) Free expansion and (ii) Intermediate expansion. In free 
expansion, the external pressure is zero, i. e ., work done is zero 
when gas expands in vacuum. In intermediate expansion, the 
external pressure is less than gas pressure. So, the work done 
when volume changes from F, to Fj is given by 




-P.AV2-V,) 


Since, 's less than the pressure of the gas, the work done 
during intermediate expansion is numerically less than the work 
done during reversible isothermal expansion in which P^^ is 
almost equal to P^. 

Maximum work: The work done by tlie system always 
depends upon the external pressure. The higher the value of P ^^, 
the more work is done by the gas. As cannot be more than 
Pgaj, otherwise compression will occur, thus the largest value of 
P^,j, can be equal to P^. Under this condition when expansion 
occurs, the maximum work is done by the gas on the surroundings. 


(ii) Adiabatic Expansion 

In adiabatic expansion, no heat is allowed to enter or leave the 
system, hence, q = Q. When this value is substituted in first law of 
thermodynamics, AS = f + w,we get AP = w. 

In expansion, work is done by the system, on the surroundings, 
hence, w is negative. Accordingly AE is also negative, i.e.. 
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internal energy decreases and therefore, the temperature of the 
system falls. In case of compression, AE is positive, i.e., internal 
energy increases and therefore, the temperature of the system 
rises. 

The molar specific heat capacity at constant volume of an 
ideal gas is given by . 

'dE'' 


Cy = 


dT 


or 


and for finite change 


dE = Cy ■ dT 
AE = Cy AT 


... (i) 
... (ii) 
... (iii) 

The value of AT depends upon the process whether it is 
reversible or irreversible. 


w=AE = Cy AT 


Reversible adiabatic expansion 

Let P be the external pressure and AV the increase in volume. 
Thus, the work done by the system is 

w = -PAV .--(iv) 

If AT is the fall in temperature, then 

CyAT^-PAV ... (v) 

For very small change in reversible process, 

RT 

■ PdV = —— • dV (for 1 mole of the gas) 


CydT-- 


C. 


T V 


Integrating the above equation between temperatures T^ and 
T 2 when con-esponding values are and V 2 , 

Jr, r •'L V 


Cy lOg,^ 


-R log, 


or 


, ^2 R , V 2 

log =-- log — = 


We know that. 


C. 


Cp -rCy 


L = i^l0g.^ 

1 

R , F, 

— log — 


(vii) 


1 


or 


or 


m-l: 

Cy 

/(Y-l) = 
R 


■ R 
R 
Cy 
R 

a 


Putting the value of-in eq. (vii) 


C, 


: (Y - 1) log 


dog 




kViJ 




kV2J 


... (viii) 

... (ix) 




or 



’'2 

[Pij 


... (x) 

or 

P,F, 


fr2^ 

y-I 


P 2 P 2 


[Pu 



or 

F,¥^y 

II 

... (xi) 

or 

pvr 

= constant 

... (xii). 


Thus, knowing y,F, ,¥2 and initial temperature, J,, the final 
temperature, T 2 , can be readily evaluated. 

Modifying the eq. (x). 


>T 1 


RT 


V M .y 


P, T 2 


kPi 


y-l 


'I / 


or 


fPl" 

Y 


1 

1 

>- 

rp2i 

U 2 . 



1 

1^1 J 


... (xiii) 


... (vi) 


Thus, knowing y, P,, P 2 ^nd initial temperature, the final 
temperature, Tj , can be evaluated. 

From eq. (v), 

Wkdone = Cy ■ AT = Cy - P, ) = (Pj - P. ) 

(Y - 1) , 

nR 

For n moles =-(P, - P, ) 

(Y-l) 

Irreversible adiabatic expansion 

In free expansion, the external pressure is zero, L e., work done 
is zero. Accordingly, AE which is equal to wis also zero. If A£ is 
zero, AT should be zero. Thus, in free expansion (adiabatically), 
AP = 0, AP = 0, w = Oand AH = 0. 

In intermediate expansion, the volume changes from F, to F 2 
against external pressure, P^^. 


■p.AV2-v,)=-p, 


ext 


RT. RT, 


yPi 


1 / 


T 2 P 1 


■m 


K 


PxPi 


xR 

f 


or 


yv — CyiTj Pi)— PP© 


P 2 P, 


■TP 2 




P 1 -P 2 


Process 

ConditiOB 

Heat 
champ f 

' Internal . 

energy 

chanpAH 

Work done 

Free 

(U) constant 

. — 

0 

0 as P = 0 

expansion 

Isochoric 

(F) constant 

AC 

nCyAT 

0asAF = 0 

Isothermal 

(P) constant 

~W 

0 

2.303 nRT 

. ( F,! 

log hf 

= 2.303 nRT 


or 
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Isobaric 

(P) constant 

nCp AT 

nCy AT 

p (F 2 - Pi) 

= nR{T^~T^) 

Adiabatic 

{q) constant 

0 

-W 

Cy{Ty-T^) 

nR 

Y-1 

(Pi-P a) 

1 

Y-1 

Cyclic 

process 


w 

0 

Area of 
cycle 


GRAPHICAL REPRESENTATION OF 
VARIOUS THERMODYNAMIC 
PROCESSES AND THE CALCULATION 
OF WORK DONE BY GRAPHICAL 
METHODS 


3. Let compression of gas takes place from volume F; to Vf in 
the finite number of stages then the work done on the gas can be 
calculated by summing up the work of all stages. 

Work done on the gas = Shaded area of the diagram. 



Vf Vi 


Volume -► 

Fig. 7.5 Indicator diagram ( P-V) plot in which the compression 
took place in the finite number of steps with varying pressure 

4. Graphically, the work of expansion can also be determined. 
In case, if a graph is plotted between P and V, then the area under 
the curve gives the external work done by the gas. 


1. Graphically, different processes can be represented as follows. 

-►-Isobaric process 


1 



Isothermal process 
Adiabatic process 


Isochoric process 


Volume 


Fig. 7.3 (a) 


Expansion 




Fig. 7.3(b) Fig. 7.3 (c) 


2. Let a gas is compressed from F; or Vj- by an external 

pressure of P^xt • The work done on the gas can be calculated by 
the shaded area of the graph represented in following Fig. 7.4. 
Work done on the gas, w = - (^/ ~~^i) 

~ + ve work. Since Fy < F; 


Fig. 7.4 


£ Q. 
D 



Vf V| 

Volume -► 

Single step compression of ideal gas against 
external pressure ^ext 


Fig. 7.6 


Fig. 7.7 


I 

0) 


D. 


Vi Va 

Volume -► 

Shaded area gives the work done by the gas when 
pressure remains constant 

= - ^ext (^2 - ) 

= - ve work 



Shaded area represents the work done by the gas 
when both pressure and volume vary 


5. Work done by a gas undergoing cyclic process : It is 
determined with the help of following three graphs. 




P1V1T1 



P2V2T2 


Volume ^—► 


(a) 

Shaded area 
gives the work 
done by the gas 


(b) 

Shaded area 
gives the work 
done on the gas 


(c) 

Shaded area 
gives the net work 
done by the gas 


Fig. 7.8 Complete cydiic process of a gas 
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6. Work done by the gas in a closed path ABCA. 



Vi V2 ■ 

Volume 



Fig. 7.S The gas In closed cyclic process ABCA 


Work done = Area of shaded triangle 

= -^ X Length of base x Length of perpendicular 

= ix(F2-F,)(P2--Pi) 


7. Let a system of gas passes from initial state .4 to S in 
following three ways. The work done by the gas will be 
calculated by the shaded area. 



Fig. 7.10 Graphical proof that the work is not a state 
function 


8. Work done in clockwise and anti-clockwise cyclic 
process : 



Fig. 7.11 Representation of closed cyclic process in 
clockwise and anti-clockwise direction 


Shaded area represents the net work done in the cyclic 
process. 

Case 1 : If the cyclic process is in clockwise direction then 
work done will be negative because the net work will be done by 
the system. . ' ^ 

Case II : If the cyclic process is in anti-clockwise direction 
then work done will be positive because the net work is done on 
the system. 


9. If the state of a system changes in such a way that its volume 
remains constant, the process is called isochoric. Following three 
plots represent isochoric process. 



(a) (b) (c) 

Fig. 7.12 Isochores of Ideal Gas 


10. If the state of system changes in such a way that pressure is 
constant, the process is called isobaric. 



(a) (b) (c) 

Fig. 7.13 Isobars of Ideal Gas . 


11. If the state of a system changes in such a way that 
temperature remains constant, the process is called isothermal. 



(a) (b) (c) 


Fig. 7.14 isotherm of Ideal Gas 

7.9 JOULE-THOMSON EFFECT 

An ideal gas is defined as the gas in which intermolecular forces 
of attraction are absent. If such a gas expands into vacuum 
adiabatically, no cooling is produced in the process, L e ., there is 
no change in the internal energy, which only depends upon the 
temperature. 

However, when a real gas is forced through a porous plug into 
a region of low pressure, it is found that due to expansion, the gas 
on the side of low pressure gets cooled. The greater the difference 
in pressure on the two sides, the higher shalTbe difference in 
temperature. 

The phenomenon of producing lowering of temperature 
when a gas is made to expand adiabatically from a r^ion of 
high pressure into a region of low pressure, is known as 
Joule-Thomson effect. 
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The experimental set-up is shown in Fig. 7.15. It consists of a 
thermally insulated tube fitted with a porous plug and two 
weightless and frictionless pistons X and Y. Two sensitive 
thermometers are fitted on both the sides of the porous plug to 
record temperature. 



Fig. 7.15 


Consider that a certain amount of the gas is passed through the 
porous plug by slow movement of piston X, i. e., a volume V^ of 
the gas at pressure P, be forced through the plug on the left side 
of the plug. The gas in the right hand chamber is allowed to 
expand to volume V 2 and pressure Pj by moving the piston Y. The 
change in temperature is recorded from the thermometers. 

Most of the gases are found to undergo cooling on expansion 
through the porous plug. However, helium and hydrogen are 
exceptions as these get warmed. 

The gas is compressed on left hand side. Thus, work is done 
on the gas. It is equal to PjF,. The work done on right hand side 
by the gas is equal to P 2 F 2 ■ 

Total work done by thegas = PiFj - P 2 V 2 
As q = Q, the work done by the gas lowers its internal energy 
and consequently temperature falls. 

AP = PiFi-P2F2 

E2-E,=m-P2V2 
(£2+P2F2)-(P,+P,Fi)=0 
or ^"2 = 0 

or MI = 0 

Thus, Joule-Thomson effect occurs at constant enthalpy. 

Joule-Thomson Coefficient 

The number of degrees of temperature change produced per 
atmospheric drop in pressure under constant enthalpy conditions 
when the gas. is allowed to expand through porous plug is called 
Joule-Thomson coefficient. It is denoted by p. 


When p has positive value, the gas cools on expansion. If it 
has negative value, the gas warms on expansion. Every gas has a 
definite value of temperature when the sign changes from 
negative to positive This temperature is tenned inversion 


T: 


temperature. Most of the gases have inversion temperature near 
about room temperature and thus cool at room temperature when 
expansion is done. However, the inversion temperature for H 2 is 

- 80° C. Thus, at room temperature hydrogen warms on 
expansion. In order to produce further cooling by Joule-Thomson 
effect in hydrogen, it is necessary that it should be first cooled to 

- 80° Cby other cooling devices. 

The value of inversion temperature has been calculated by 
using van der Waals’ equation, 

2n 
Rb 

Thus, inversion temperature depends upon van der Waals’ 
constants a and b of the gas. 

i: mSI ^SoME Solved ExamplesX HSM : i 

; . Example 10. 1 mole of ^’^ 2^3 2 mole ofAl are mixed at 

temperature 25° C and the reaction is completed to give 

Fe^Oj, ( 5 ) + 2Al{s) -> AfOj (s) + 2Fe(l); A/f = - 850 ifc/ 

The liberated heat is retained -within the products, whose 
combined specific heat over a wide temperature range is about 
0.8Jg“’ K The melting point of iron isShow that the 

quantity of heat liberated is sufficient to raise the temperature of 
the product to the melting point of iron in order to get it welded. 
Solution: Mass of products 

= Mass of one mole A1 2 O 3 + Mass of two mole Fe 
= 214g 

g = ms AT = 214 X 0.8 X (1803 - 298) 

= 2576561= 257.656 kJ 

Heat required is less than heat released, hence the temperature 
can be easily raised to the required value. 

Example 11. Calculate w and AE for the conversion of Q.5 
mole of water at 100° C to steam at \ atm pressure. Heat of 
vaporisation of water at 100° C A 40670 J mol . 

Solution: Volume of 0.5 mole of steam at 1 atm pressure 
nRT 0.5x 0.0821x 373 ,,,, 

P 1.0 . 

Change in volume=Vol. of steam - Vol. of water 
= 15.3 - negligible = 15.3 L 
Work done by the system, 

w = Pgxt ^ yoluiiK change ■ 

= 1 x 15.3= 15.3 litre-atm 
-= 15.3x 101.31= 1549.89J 

‘w’ should be negative as the work has been done by the system 
on the surroundings. 

w = -1549.89J 

Heat required to convert 0.5 mole of water at 100° Cto steam 
= 0.5x406701 =203351 
According to first law of thermodynamics, 

A£’ = g + w= 20335-1549.89= 18785.111 
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’ Example 12. Calculate the work done when 50 g of iron is 
dissolved in HCl at 25° C in (f) a closed vessel and (ii) an open 
beaker when the atmospheric pressure is 1 atm. 

Solution: (i) When the reaction is carried in a closed vessel, 
the change in volume is zero. Hence, the work done by the system 
will be zero, (ii) When iron dissolves in HCl, hydrogen is 
produced. 

Fe + 2HC1-> FeClj + H, 

1 mole 

50 g 1 

— X SO nxilc 
56 

Volume of hydrogen produced at 25° C 

nRT 50 0.0821x298 , 

P 56 1 

This is equal to volume change when the reaction is carried in 
open beaker. 

Work done by the system = -PAF = “1.0x21.84 

= -21.84 litre-atm = -2212.391 

Fyi,. Example 13. 5 mole of oxygen are heated at constant 
volume from 10°C to 20° C. What will be the change in 
the internal energy ofgas? The molar heat of oxygen at constant 
pressure, Cp =7.03 cal mo/ deg^^ and P = 8.31J mo/ 
deg^\ 

Solution: P = 8.31J nrol deg cal moF' deg 

4.18 

= 1.99cal mol"'deg” * 

We know that, Cp-Cy=^R 

or Cy^Cp-R^ 7.03- 1.99= 5.04calmor' deg"' 

Heat absorbed by 5 mole of oxygen in heating from 10° C to 
20° C 

= 5 X Cff X AP = 5x 5.04 X 10= 252cat 
Since, the gas is heated at constant volume, no external work 
is done, 

i.e., >v = 0 

So, change in internal energy will be equal to heat absorbed, 
Ail = f + w = 252 + 0 = 252cal 

?! ; Example 14. Calculate the amount of work done by 2 
mole of an ideal gas at 298 K in reversible isothermal expansion 
from 10 litre to 20 litre. 

Solution: Amount of work^done in reversible isothermal 
expansion, 

V-, 

w = -2.303nPPlog• 

F, 

Given, n = 2,i? = 8.314 JK"' moF', f = 298K,F2 =20Land 
Fi=l0L. 

Substituting the values in above equation, 

w = - 2.303 X 2 X 8.314 X 298 log — 

10 

= - 2.303 X 2 X 8.314 X 298 X 0.3010 = - 3434.9 J 
L e. , work is done by the system. 


(Eiailiple IS. 5 moles of an ideal gas expand isothermally 
and reversibly from a pressure oflOatm to 2atm at 300iL. What is 
the largest mass which can be lifted through a height of I metre in 
this expansion? 

Solution: Work done by the system 

P P 

= - nRT log e — = - 2.303nPr log 

p2 P2 

= -2.303 X 5 x 8.314 X 300 log ~ = - 20.075 x 10^ J 

Let M be the mass which can be lifted through a height of 1 m. 

Work done in lifting the mass 

= Mg/( = Mx9.8xlJ 

So, M x 9.8 =20.075x10" 


M = 2048.469 kg 

■■^s&Etiample 16. Two moles of an ideal monoatomic gas at 
NTP are compressed adiabatically and reversibly to occupy a 
volume of 4.48 dm". Calculate the amount of work done, AE, 
final temperature and pressure of the gas. Cy for ideal gas 
= \2.A5JK ■' mo/"'. 


Solution: For an ideal gas, y = 


C^ 


: 1.667 


Initial, volume, F, = 2 x 22.4 = 44.8 dm" 
Initial pressure, Pj = latm 
Initial temperature, P, = 273 K 
Final volume, F 2 = 4.48dm" 

Let the final pressure be P 2 and temperature be P 2 . 
Applying 


or 


P,F,V 


-P2V2' 






4.48 

44.8 


1.667 


or 


= (10) 


1.667 


^ (10)1.667 (p^ =1 given) 


Final temperature: 


log P 2 = 1.667 log 10= 1.667 
P 2 = antiiog 1.667 = 46.45 atm 

.i^F2.^^46A^8^273 


P,F, 

= 1268 K 


1 x 44.8 


Work done on the system = n-Cy - AT 

= 2x 12.45 X (1268-273) 

= 2x 12.45 x.995= 24775.5 J 
From the first law of thermodynamics, 

AP = ^+ w = 0+ 24775.5 = 24775.5 J 
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Example 17. A certain volume of dry air at NTP is 
expanded reversibly to four times its volume (a) isothermally 
(b)adiabatically. Calculate the final pressure and temperature in 
each case, assuming ideal behaviour. 


Cp 

kCv 


for air = 1.4 


Solution: Let K, be the initial volume of dry air at NTP. 

(a) Isothermal expansion: During isothermal expansion, 
the temperature remains the same throughout. Hence, final 
temperature will be 273 K. 

Since, = P 2 V 2 

„ P,V, IxF; 

» --L_L--L^0.25atm 


(b) Adiabatic expansion: 

II 

T 2 


L, 


4V, 


Y-l 


273 _ 
T 2 " 

r, = 


4L, 


, 1 . 4-1 


273 

.0,4 


= 4 


0.4 


= 156.79 K 


Final pressure: 




P 2 


j 


1.4 


fl.4 


. 1-4 


= 0.143 atm 


■ Example 18. Calculate q, w, A£ and AHfor the reversible 
isothermal expansion of one mole of an ideal gas at 121° C from a 
volume ofiOdm^ to 20dm^. 

Solution: Since, the process is isothermal, 

M = A/7 = 0 

From first law of thermodynamics, 

M = q + w=0 
q = — w 

Fa - . 


w=-2.303n«riog 


= -2.303X lx 8.314x400log 


10 


= -2.303x 1x8.314x400x0.3010 
= - 2305.3 J (Work is done by the system) 

q = -w = 2305.3 J (Heat is absorbed by the system) 

jJExample 19. A gas expands from a volume of2.0dm^ to 
5.0 drn^ against a constant pressure of 3.0 atm. The work done 
during expansion is used to heat 100 mole of water of 


temperature 2900 K. Calculate the final temperature of water 
{specific heat of water = 4.184 JAT “* g”* ). ^ 993 ^ 

Solution: Work done = P x .fF = 3,0 x (5.0^ 10) 

= 6.0 litre-atm = 6.0x 101.3 J 
= 607.8 J 

Let AT be the change in temperature. 

Heat absorbed = m X s X A r 

= 10.0xl8x 4.184 X AT 
Given, PxdV = mXsxAT 

PxdV 607.8 


or 


A7’ = - 


-=0.807 


mxs 10.0x18.0x4.184 
Final tenqrerature = 290 + 0.807 = 290.807 K 

r; Example 20. lOg of argon gas is corhpressed isothermally 
and reversibly at a temperature of 21° C fivm 10 litre to 5 litre 
Calculate q, w, AE and AH for this process. 

R = 2 cal K mol ”*, log 2 = 030. Atomic weight of Ar= 40 

(IIT1997) 

Solution: w=- 2.303nRT log 

= -2.303 X X 2x 3001og -^ = 103.635cal 
40 10 


AE- 


^0 

: AE — w 

= -w =-103.635 cal 

^^ESample 21. Calculate the maximum work done in 
expanding \ 6g of oxygen at 300 K and occupying a volume of 
5 dit^ isothermally until the volume becomes 25 dtr^. 

Solution: Reversible work is maximum work. 




w = -2.303nifriog 


16 


[yu 


= 2.303 X — X 8.314 X 300 loj 
32 


25 


2.01 X 10^ joule 


{Example 22. How much heat is required to change lOg 
ice at 0°C to steam at 100°C.? Latent heat of fusion and 
vaporization for H 2 O are SOcal i g and 540 oal / g, respectively. 
Specific heat of water is TmlLg. 

Solution: Total heat absorbed 


. rise '^'AH 


' ^^fiision Xevap. i 

= 10 X 80 -H 0 X1X KK) + 10 X :540 - .7200cal 

j;; f Example 23. A swimmer coming out of a pool is covmed 
. with a film of water weighing wibout 80g. How mmh heat must be 
supplied to evaporate this water? 

Solution: q = mL 

18 

= 181.28 kJ 


X 40.79 
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OF dBjfeeWVic^B^ 


1. 5 moles of an ideal gas at 2TC expands isothermally and 

reversibly from a volume of 6 L to 60 L. The work done in kJ 
is: 

(a)-14.7 (b)-28.72 (c)+28.72 (d)-56.72 

[Ans. (b)] 

F, 


[Hint: w=-2.303B^riog- 


/ 


= -2.303x5x8.314x300 log 


60 


' =-28.72 kJ] 

2. ' 10 moles of an ideal gas confined to a volume of 10 L is 

released into atmosphere at 300 K where the pressure is 1 bar. 
The work done by the gas is: 

(i? = 0.083 L bar K"‘mor‘) 

(a) 249 L bar (b) 259 L bar (c) 239 L bar (d) 220 L bar 
[Ans. (c)] 

[Hint: Initial volume, Fj = lOL 

„ „ nRT 10x0.083x300 

Fj (finai) = = -j-= 249 L 

IF =/>AF = lx (249-10) 

= 239 L bar] 

3. 1 litre-atm work is approximately equal to; 

(a) 101.3 J (b) 8.314 J (c)931J (d)19.2J 

[Ans. (a)] 

[Hint : 0.0821 litre-atm = 8.314 J (values of gas constant) 

.’.1 litre-atm = 101.3 J] 

4. A system absorbs 20 kJ heat and also does 10 kJ of work. The 
net internal energy of the system: 

(a) increases by 10 kJ (b) decreases by 10 kJ 

(c) increases by 30 kJ (d) decreases by 30 kJ 

[Ans. (a)] 

[Hint: A£/=)@ + w = 20-10 = 10 kJ] 

5. One mole of a gas is heated at constant pressure to raise its 
ten^erature by l‘X3. The work done in joules is: 

(a)-4.3 (b)-8.314 

(c) -16.62 (d) unpredictable 

[Ans. (b)] 

[Hint:' w = -nRAT<x w = -PAV 

, o-,. , „{ nRTn nRT, 

= -1X 8.314 X 1 = -/» - ^ - 

Vp.p 

= -8.314 J] 

6 . In open system: 

(a) there will be exchange of both matter and energy 

(b) there will be no exchange of matter and energy 

(c) there will be exchange of energy only 

(d) there will be exchange of matter only 
[Ans. (a)] 

[Hint : Open system has imaginary boundary, therefore, both 
energy and mass can be exchanged.] 


7^^ THERMOCHEMISTRY 

Thermochemistry is a branch of physical chemistry which is 
concerned with energy changes accompanying chemical 
transformations. It is also termed as chemical energetics. It is 
based on the first law of thermodynamics. 

Chemical reactions are accompanied by evolution or 
absorption of heat energy. When reactante combine together to 
form new products, there is readjustment of energies. During a 
chemical reaction, the chemical bonds between atoms in the 
reactant molecules are rearranged in the product molecules, i.e., 
chemical bonds in the reactants are broken down and new 
chemical bonds are formed in the products. Energy is needed to 
break the bonds of reactants and energy is released in the 
formation of new bonds of products. 

Exothermic Reactions 

Heat is evolved in these chemical reactions. It is possible 
when the bond energy of reactants is less than the bond energy of 
products. 

At constant pressure, 

A// = (//p - 7?^ ) = - ve, I.C., Hp < Hp 

At constant volume, 

AE = (Ep -Ep) = -ye, i.e., Ep<Ep 

Endothermic Reactions 

Heat is absorbed in these chemical reactions. It is possible 
when the bond energy of reactants is greater than the bond energy 
of products. 

At constant pressure, 


AH==Hp = 

: + ve, 


At constant volume. 

AE = Ep -Ep = 

+ ve, 

i.e., Ep >Ep 

Sign conventions: 


Ae 

AE AH 

Exothermic 

(-) 

(-) -K-) 

Endothenittc 

(+) 

W (+) 


Exothermic and endothermic chemical equations can be 
represented as: 


Exothermic 


NaOH(a 9 .) + HCl(a^.)- 
NaOH(a?.) + HCl(a 9 .)- 


->NaCl(a^.) + H20(/) 

+ 13.7kcal 

-4NaCl(a?.) + H20(7); 

Ai/ = -13.7kcal 


Endothermicj^<">+”20(g)-^CO(g)+H 2 (g)-31.4 kcal 

A77 = +31.4kcal 

t7mn HEAT OF REACTION OR ENTHALPY 
OF REACTION , 

Heat of reaction is defined as the amount of heat evolved or 
absorbed when quantities of the substances indicated by the 
chemical, equation have completely reacted. The heat of reaction 
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(or enthalpy of reaction) is actually the difference between the 
enthalpies of the producte and the reactants when the quantities 
of the reactants indicated by the chemical equation have 
completely reacted. Mathematically, 

Enthalpy of reaction (or heat of reaction) 

For example, the equation 

Hz (g) + CI 2 ) = 2HCl(g) + 44.0 kcal of AH - - 44 kcal 

indicates that when 2 g of hydrogen (1 mole) completely reacts 
with 71 g of chlorine (1 mole) to form 73 g of HCl (2 mole), the 
amount of heat evolved is 44.0 kcal or the enthalpy decreases by 
44.0 kcal or the reacting system loses 44.0 kcal of heat or the 
enthalpy change of the reaction, AH = - 44.0 kcal. 

Consider the following reaction: 

C 2 H 4 {g) + 302(g) = 2 C 02 + 2 H 20 ( 0 ; A£ = -335.8 kcal 

The equation indicates that reaction has been carried between 
1 nwle of C 2 H 4 and 3 mole of oxygen at constant volume and 
25° C. The heat evolvedis 335.8 kcal or the infernal energy of the 
system decreases by 335.8 kcal. 

Consider another reaction: 

C( 5 ) + H 2 0(g) = CO(g) + H 2 (g) - 31.4 kcal 
or AH = 31.4 kcal 

This reaction indicates that 1 mole of carbon (12 g) reacts with 
1 mole of steam (18 g) to form 1 mole of CO and 1 mole of 
hydmgen and 31.4 kcal of heat is absorbed. The enthalpy of the 
system increases by 31.4 kcal or the total enthalpy of the products 
is 31.4 kcal more than the enthalpy of reactants. 

Factors which Inf luence the Heat of Reaction 

There are a number of factors which affect the magnitude of 
heat of reaction. 

(i) Physical state of reactants and products: Heat energy 
is involved for changing the physical state of a chemical 
substance. For example, in the conversion of water into steam, 
heat is absorbed and heat is evolved when steam is condensed. 

Considering the following two reactions: 

H 2 (g) + i 02 (g) = H 20 (g); AH = -57.8kcal 

H 2 (g)+^ 02 (g) = H 20 (/); AH = -68.32kcal 

It is observed that there is difference in the value of AH if 
water is obtained in gaseous or liquid state. AH value in second 
case is higher because heat is evolved when steam condenses. 
Hence, physical state always affects the heat of reaction. 

(ii) AUotropic forms of the element: Heat energy is also 
involved when one allotropic form of an element is converted 
into another. Thus, the value of AH depends on the allotropic 
form used in the reaction. For example, the value of AH is 
different when carbon in the form of diamond or in amorphous 
form is used. 

C (diamond) + Oj (g)-> CO 2 (g); AH = - 94.3 kcal 

C (anwrphous) + Oj (g )-> CO 2 (g ); AH = - 97.6 kcal 
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The difference between the two values is equal to the heat 
absorbed when 12 g of diamond is converted Into 12 g of 
amorphous carbon. This is termed as heat of transition. 

C (dianwnd)- > C (amorptous); AH = 3.3 kcal 

(iii) Enthalpies of solution: Enthalpies of reaction differ 
when in one case dry substances react and in another case when 
the same substances react in solution. For example, in the 
reaction between hydrogen sulphide and iodine, 

H 2 S(g) + l 2 (g)- ^2ffl+S; A^ = -17.2kcal 

Hz S(g) +12 (solution)-> 2HI (solution) + S; 

AH = -21.93 kcal 

(iv) Temperature: Heat of reaction or enthalpy of reaction 
also depends on the temperature at which the reaction is caitied 
out. This is due to variation in the heat capacity of the system 
with temperature. Due to this reason, tethalpies of reaction are 
calculated and expressed at a standard temperature of 25°C or 
298 K. However, if the reaction is not carried out at 25° C, the 
temperature at which the reaction is performed, is indicated. 

(v) Reaction carried out at constant pressure or constant 

volume: When a chemical reaction occurs at constant volume, 
the heat change is called the enthalpy of reaction at constant 
volume. However, most of the reactions are carried out at 
constant pressure; the enthalpy change is then termed as the 
enthalpy of reaction at constant pressure^ The difference in the 
values is negligible when solids and liquids are involved in a 
chemical change. But, in reactions which involve gases, the 
difference in two values is considerable. For this purpose see 
section 7.5. y 

AE + AnRT = AH 
or qy + AnRT -qp 

qy = heat change at constant volume, • 
qp = heat change at constant pressure. 

An = total number of moles of products - total number of moles 

of reactants 

te^^iample 24. The heat of combustion of ethylene at 18° C 
and at constant volume is -335.8 kcal when water is obtained in 
liquid state. Calculate the heat of combustion at constant 
pressure and at 18° C. 

Solution: The chemical equation for the combustion of 
C 2 H 4 is 

C 2 H 4 (g ) + 3 O 3 (g) = 2 CO 2 (g) + 2 H 20 (/); AE = - 335.8 kcal 

I mole 3 moles 2 moles 

No. of moles of reactairts = (1 + 3) = 4 

No. of moles of products = 2 
So, An = (2-4)=-2 

Given, AE = - 335.8 kcal. An = - 2, = 2 x 10-Hcal 

and , r = (18+273) = 291K 

Applying AH = AE + AnRT 

= - 335.8 + (-2)(2 X 10^^ )(291) 

= -336.964 kcal 
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^ll^^pple 25. The enthalpy of formation of methane at 
constant pressure and 300 K is -75.83 kJ. What will be the heat of 
formation at constant volume? {R = i3J K mol ) 

Solution: The equation for the formation of methane is 
a^) + 2 H 2 (g ) = CH 4 (g ); Aff = -75.83 kJ 

2 moles 1 mole 


The knowledge of standard heats ... iormation of various 
substances can be used to calculate the heats of reactions under 
standard conditions, i. e., AH°. 


AH° for 
the reaction 


Sum of the standard 
heats of formation 
of products 


Sum of the standard 
heats of formation 
of reactants 


An = (l-2) = -i; 

Given, AH = - 75.83kJ, 1 = 8.3 x 10“^ kJ K"* mor‘, T = 300K 
Applying AH = AE + AnRT 

-75.83 = AE + (-1)(8.3 X 10"^ )(300) 

So, AE = -75.83 + 2,49 

=-73.34 kJ 

ENTHALPY OF FORMATION OR HEAT 
" OF FORMATION 

The process in which a compound is formed from its constituent 
elements in their standard state is called formation. 

The amount of heat absorbed or evolved when 1 mole of the 
substance is directly obtained from its constituent elements is 
called heat of formation. 

G (amorphous) + O 2 (g)-> CO 2 (g); AH = - 97.6 kcal/ mol 

Enthalpy of formation of CO 2 is -97.6 kcal 

H 2 (E) + Cl 2 (g)->2HCl(g); AiT = -44kcal 

Thus, enthalpy of formation of HCl is -22 kcal per mol. 

Standard enthalpy of formation: The enthalpy of 
formation depends upon the conditions of formation, i.e., 
temperature, pressure and physical states (gas, solid or liquid) or 
allotropic state of the reactants. If all substances of the chemical 
reaction are in their standard states ( 1 . e., at 25° C or 298 K and 1 
atmospheric pressure), the heat of formation or enthalpy of 
formation is called standard heat of formation or standard 
enthalpy of formation. It is denoted by AE°f (volume constant) 

or AH°f (pressure constant). 

It is very difficult to determine absolute values of enthalpies of 
substances. However, relative enthalpies of substances can be 
determined if the enthalpira of free elements at 25° C and 1 
atmospheric pressure are taken arbitrarily as zero. 

Consider the reaction between carbon and oxygen at 25° Cto 
form carbon dioxide under atmospheric pressure. 

C(s) + 02(g.)^C02(g); AH = AHf = -393.5kJ 
. ' AHj-=AH = Hp -H^ =-393.5kJ 

Hu =0, i. e. , enthalpies of free elements are taken as zero. 

So, AHf = AH = Hp = enthalpy of CO 2 = - 393.5 kJ 

Thus, .AH^ =-393.5 kJ. 

The compounds which have positive enthalpies of formation 
are called endothermic compounds and are less stable than the 
reactante. The compounds which have negative enthalpies of 
formation are known as exothermic compounds and are more 
stable than reactants. 


i o., AH° £ Af^ (products) ^ Af^ (reactaMs) 

The heats of formation of all the elements in their standard 
states are arbitrarily assumed to be zero. 

Intrinsic energy: It may be defined as: 

Intrinsic energy = - Heat of formation 

"Additional amount of energy which one gram mole of the 
compound possesses above that Of its constituent elements.” 

Let us consider the combustion of carbon. 

C(s) + O 2 (g)-> CO 2 (g); AH = - 94.38 kcal 

When 1 mole CO 2 is formed, 94.38 kcal heat is evolved. It 
means, energy content of CO 2 is less than energy content of C(s) 
and O 2 (g)by 94.38 kcal. Thus, intrinsic energy of CO 2 is 94.38 
kcal. 

If we assume that intrinsic energy of elements is zero, then 
intrinsic energy of compound may be calculated in the form of 
. heat of formation. Hence, intrinsic energy may not be considered 
as internal energy of the compound. 

Calculate the enthalpy change for the 

following reaction: 

CH,ig)+20^{g) ->C02(g) +27/20(0 

given, enthalpies of formation ofCH^,C02 andHfOare—lA.ikJ 
mol -393.5 kJmol and—2%6.2kJmol respectively. 

Solution: 

— AH j- (pjo^jucts) — AHj (reactants) 

= [A7/}(co2) +2A//}(hp)]-[A/^}(CH4) +2A7/}(02)] 

: = [-393.5 +2 X (-2862)]-[-74.8+2x0] 

. =-393.5-572.4 + 74.8 

= -891.1 kJ 

^•ijlianiple 27. The standard heats of formation at 298 Kfor 
CC /4 (g), H20ig ), CO 2 (g) and HClig) are -25.5, -57.8, -94.1 
and -22.1 kcal mol respectively. Calculate AHjgg for the 
reaction. 

CCf{g)+2H20{g) - >C02{g) + mCKg) 

Solution: 

AH° = A//y (products) ” (reactants) 

' =[A7/}(co^ + 4AH}(Ha)]-[Aff}(cci,) + 2 Atf}(H^^^ 

= [-94.1 + 4 X (-22.1)] - [-25.5 + 2 X (-57.8)] 

= -94.1-88.4+25.5+ 115.6 

= -182.5+141.1 =-41.4 kcal 
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Example 28. The molar heat of formation of NH^NO^ (s) 
is-367.5kJand those ofN20(g)andH20(l )are+ 81.46fe/ and 
-285.78 kJ respectively at 25° C and 1 atmospheric pressure. 
Calculate the SH and AE for the reaction, 

NH^NO^{s)^N20{,g)^-2H20{l ) 

Solution. A/f — AH^ (products) *" (reactants) 

= [(N p) + 2 X A//^ (fjp) ] - [] 

= 81.46+2X (-285.78)-(-367.5) 

= 81.46-571.56+367.5 
= -122.56 kJ 

We know that, AJ7 = A£ + A«i?r 
or AE = AH-AnRT 

An=l; R = 8.314 x 10“^ kJ mol"' K”*; T = 298 K 
A£ = -122.56-(1)(8.314 X 10‘^)(298) 

= -122.56-2.477 
= -125.037 kJ 


lit? ENTHALPY OF COMBUSTION OR 
HEAT OF COMBUSTION 


Enthalpy of combustion is the amount of heat evolved or 
decrease in enthalpy when 1 mole of the substance (compound or 
element) is completely oxidised. The enthalpy of combustion, 
i.e.,AJI is always negative. For example, 

• CH4(g) + 202 (g)-»C02(g)+2H20; 

A7y = -89a3kJ 

C2H50H(/) + 3O2 (g)-> 2CO2 (g) + 3 H 20 (/); 

AT/= -1367.4 kJ 

2 C 2 H 6 (g) + 7 O 2 (g)-> 4 CO 2 (g) + 6H20(/); 

AT/= -745.6 kcal 


Since, 2 mole of C 2 Hg are involved, hence enthalpy of 
combustion of ethane 


745.6 

1 ^ 
C(s) + ^ 02(g)-» 


= -372.8 kcal 
CO(g);A^y=-26.0kcal 


Cis) + O 2 (g)-> CO 2 (g); AH = - 94.3 kcal 

The enthalpy of combustion of carbon is not -26.0 kcal as 
combustion is not complete because carbon monoxide can further 
be oxidised to carbon dioxide. The enthalpy of combustion of 
carbon is thus -94.3 kcal. 

The enthalpies of combustion have a number of applications. 
Some of these are described below: 

(1) Calorific values of foods and fuels: Energy is needed 
for the working of all machines. Even human body is no 
exception. Coal, petroleum, natural gas, etc., serve as the 
principal sources of energy for man-made machines, the food 
which we eat serves as a source of energy to our body. These 
/substances undergo oxidation or combustion and release energy. 


These substances are, therefore, termed as fuels. An adult 
requires 2500 to 3000 kcal of energy per day. Since, the values of 
enthalpies of combustion of different food articles are known, it 
becomes easy to calculate our daily requirements and thus select 
the articles of food so as to secure a balanced diet. 

The grading of food articles and various fiiels can be done on 
the basis of the values of enthalpies of combustion. 

The energy released by the combustion of foods or faels is 
usually compared in terms of their combustion eneigies per gram. 
It is known as calorific value. The amount of heat product in 
calorie or joule when one gram of a substance (food or fuel) is 
completely burnt or oxidised. 

When methane bums, 890.3 kJ moF* of energy is releasol. 

CH4(g)+202(g)-)C02(g) + 2H20(/). 

1 moIe{16g) 


So, the calorific value of methane = - 


^ch 4 =-890.3 kJ 
son 1 

^^ = -55.6kJ/g 


Calorific values of some important foodstuffs and fuels are 


given below: 


Fnri 

Calorific value (kJ/g) 

^ood Cirioriffc value (kJ/g)- 

Wood 

17 

Milk 

■'3.! 

Charcoal 

33 

Egg 

6.7 

Kerosine 

48 

Rice 

16.7 

Methane 

55 

Sugar 

17.3 

LPG 

55 

Butter 

30.4 

Hvdroeen 

150 

Ghee 

37.6 


Out of the fuels listed, hydrogen has the highest calorific 
value. However, it is not used as domestic or industrial fuel due to 
some technical problems. Of the various constituents of our food, 
fats and carbohydrates serve as the main sources of energy. The 
calorific value of proteins is quite low. 

(H) Enthalpies of formation: Enthalpies of formation of 
various compounds, which are not directly obtained, can be 
calculated fi’om the data of enthalpies of combustions easily by 
the application of Hess’s law. 

Heat of reaction = EHeat of combustion of reactants 


- £ Heat of combustion of products 

ifUStMSoME Solved ' 


i^^l^mipie 29. The heats of combustion of CH^ and 
are-890.3 kJ mol and-2878.1kJ mol respectively. Which of 

the two has greater efficiency as fuel per gram? 

Solution: Molar mass of methane = 16 


Heat produced per gram of methane = 


890.3 

16 


- 55.64 kJ 


Molar mass of butane = 58 


Heat produced per gram of butane = 


28787 

58 


- 49.63 kJ 


Thus, methane has greater fuel efficiency than butane. 
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^gSpSsample 30. In a Gobar gas plant, gobar gas is formed by 
bacterial fermentation of animal refuse. It mainly contains 
methane and its heat of combustion is -809 kJ mol according 
to following equation: 

CH,^ + 2 O 2 -> CO 2 + m^O ; AH = - 809 AJ moF ‘ 

How much gobar gas would have to be produced per dayfor a 
small village of 50 families, if it is assumed that each family 
requires 20,000 kJ of energy per day? The methane content in 
gobar gas is 80% by mass. 

Solutioii: Energy consumption of 50 families per day 
= 50x 20,000kJ =1x10^ kJ 
809 kJof energy is obtained by burning methane = 16g 
1x10® kJ of energy will be obtained by burning methane 
_ 16 
809 
= 19.8 kg 

Since, methane content in gobar gas is 80% by mass, hence, 
the mass of gobar gas needed 

100 


■xlO* =1.98xl0'‘g 


80 


X 19.8= 24.75 kg 


31. The standard molar heats of formation of 
ethane, carbon dioxide and liquid water are -21.1, -94.1 and 
- 68.3 kcal respectively. Calculate the standard molar heat of 
combustion of ethane. 

Solution: The required chemical equation for combustion 
of ethane is 

2 C 2 H 6 (g)+ 7 O 2 (g) = 4 CO 2 (g) + bH^CX/); AH ° = ? 

The equation involves 2 moles of C 2 Hg; heat of combustion 
of ethane will be = 




A L/° 

(reactants) 


- [4 X AH^^j) + 6AH^pp) ] - [2 AH^P^j,4) + ] 

= [4 X (-94.1) + 6 X (- 68.3)] - [2 X (-21.1) + 7 X 0] 

= -376.4 - 409.8 + 42.2 
= -744.0 kcal 


^ - Heat of combustion of ethane = -, 


- 372.0 kcal 


^B liample 32.- An intimate mixture of ferric oxide and 
aluminium is used as solid fuel in rockets. Calculate the fuel 
value per ctn^ of the mixture. Heats of formation and densities 
are as follows: 


H, 


-199 kcal mol' 


^f (AW = ~ 399 kcal mol ; 

Density of Pe^O^ = 5.2glcm^ ; Density of Al = 2.7 g/ crn^ 
Solution: The required equation is: 

2A1 + Fe203 -> AI 2 C 3 + 2Fe; AH = ? 


AH - AHj (products) (reactants) 

= [AHy^(Ai20j) + 2AHy-(p^)]-[2AHy(^) + AHy-jF^jO,)! 

= (-399+2x0)-[2x0+(-199)] 

= -399+199 =-200 kcal 

At. ma^ of aluminium = 27, Mol. massof FcjOj =160 

T, 1 r . 160 , 2x27 3 

Volume of reactants = — + —^— = 50.77 cm 
5.2 2.7 

Fuel value per cm^ = ^5®. = 3.92 kcal 
50.77 

Ktample 33. When 2 mole of C 2 Hg are completely burnt, 
7>\29 kJ of heat is liberated. Calculate the heat offormation of 
C2H^ . AH^ for CO2 and H2O are -395 kJ and -286 kJ respec¬ 
tively. 

Solution: The equation for the combustion of Cj H 5 is: 

2 C 2 H 6 + 7 O 2 ->4C02 + 6 H 2 O; AH = -3129kJ 

~ ^Hj- (products) AH^ (reactants) 

= [4x AHypojj + 6 x AHj(hp)]-[2x 

+ 7AH^(02)] 

-3129=[4 X (-395) + 6 X (-286)] - [2 X +7x0] 

or 2 xAH^.(C2H,)=-167 

So, , AH^(c,H^)=-i|? = -83.5kJ 

jExample 34. The standard heats of formation of CH^ (g), 
C 02 (g) and H 2 H(g) are -76.2, -398.8 and -241.6 kJ mol 
respectively. Calculate the amount of heat evolved by burning 1 m^ 
of methane measured under normal conditions. (HT 1990) 

Solution: The required equation for the combustion of 
methane is: 

CH 4 + 2 O 2 -> CO 2 + 2 H 2 O; AH = ? 

Afi— All _ Aff 

LhJi (products) (j^ctants) 

= ^/(COj) ■'■2^ ^/(HjO) “ ^/(CHa) “ ^^/(Oj) 

= -398.8-2x 241.6-(-76.2)-2x 0 

= -805.8 kJmor* 


Heat evolved by burning 22.4 litre (1 mole) methane 
= -805.8 kJ. So, heat evolved by burning 1000 litre (Im^) 
methane 

oAtr o 

= - X 1000 = - 35973.2 kJ 
22.4 


^^ig xample 35. A gas mixture of 3.67 litre of ethylene and 
methane on complete combustion at 25° C produces 6.11 litre of 
CO 2 - Find out the heat evolved on burning 1 litre of the gas 
mixture. The heats of combustion of ethylene and methane are 


-1423W-891jt/ffio/“* at 25° C. 


(IIT1991) 
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Solution: C2H4 + 30 ^ ——> 2CO2 + 2H2O 

a litre 2a litre 

CH4 + 2O2 — > CO2 + 2H2O 

(3.67 - a) litre (3.67 - a) litre 

Given, 2a + 3.67-a = 6.11 

a = 2.44 litre 

Volume of ethylene in mixture = 2.44 litre 
Volume of methane in mixture = 1.23 litre 

2 44 

Volume of ethylene in 1 litre mixture = —^— = 0.66491itre 

3.67 

1 23 

Volume of methane in 1 litre mixture = ^— = 0.3351 litre 

3.67 

24.45 litre of a gas at 25° Ccorrespond to 1 mole. 

Thus, heat evolved by burning 0.6649 litre of ethylene 
1423 

= - — X 0.6649 = - 3&69 kJ 
24.5 

and heat evolved by burning 0.3351 litre of methane 

ogi 

= --^x 0.3351 =-12.21kJ 
24.45 

So, total heat evolved by burning 1 litre of mixture 
= -38.69- 12.21 
= -50.90 kJ 


7.14 ENTHALPY OF SOLUTION OR HEAT 
OF SOLUTION 

The amount of heat evolved or absorbed when 1 mole solute is 
dissolved in excess of solvent (about 200 mole) is called heat of 
solution. 

Some examples, of heat of solution are: 

H 2 SO 4 (/) + aq. = H 2 SO 4 (aq.y, AH = - 20.2 kcal 
KC 1 ( 5 ) + aq. = KCKa^.); AH = 4.4 kcal 

K<m(s) + aq. = KOHiaq.); A77 =-13.3 kcal 
Heat of ideal solution is taken zero. 

Generally, dissolution of substances in a solvent is a 
disintegration process. This process needs energy. In such cases, 
energy is absorbed, i.e., AH is positive. But in some cases, 
besides the process of breaking or ionisation, there is hydrate 
formation. During hydration heat is evolved. The net result is that 
heat is either evolved or absorbed. There are also cases in which 
heat of separation of ions is just equal to the heat of hydration and 
there is very little heat effect as in the case of sodium chloride. 
The heat of solution of NaCl is very small as the heat of 
ionisation is nearly equal to the heat of hydration. 

7:^5 ENTHALPY OF NEUTRALISATION OR 
HEAT OF NEUTRALISATION 


equivalent of an acid is neutralised by 1 gram equivalent of a base 
in dilute solution. Some examples are: 

Strong acid + Strong base = Salt + Water; AH = -13.7 kcal 
HNO 3 (aq.) i NaOH(a^.) = NaNOj (aq.) + H 20 (/); 

A//= -13.7 kcal 


nC\(aq.) + NaOH(a 9 .) = NaCl(a 9 .) + H 20 (/); 

A//= -13.75 kcal 

^ H 2 SO 4 (aq.) + NaOH(a 9 .) = ^ Na 2 SO 4 (aq.) + H 2 0(/); 

A77 = -13.7 kcal 


It is observed that heat of neutralisation of a strong acid 
against a strong base is always nearly the same, i.e. ,13.7 kcal or 
57 kJ, no matter what acid or base is employed. This constant 
value is explained with the help of theory of ionisation. Both acid 
and base are present in aqueous solution in the form of ions and 
when mixed, the following reaction occurs: 


^ +OH~ 
Strong acid Strong base 


+A- 

Salt 


+ H 2 O; A77 = -13.7 kcal 


Cancelling the ions which are common on both the sides, 

H ^ + OH ■ = H 2 O; A77 = -13.7 kcal 

Thus, heat of neutralisation of a strong acid and a strong 
base is merely the heat of formation of water from H ^ and 
OH~ ions. This is the common reaction whenever a strong acid 
and a strong base are mixed and that is why the heat of 
neutralisation is same. 

However, when a strong acid arid a weak base or a weak acid 
and a strong base or a weak acid and a weak base are mixed in 
equivalent amount, the heat evolved or change in enthalpy is less 
than 13.7 kcal. This is shown in the following examples: 

HCl(a9.) + NH 40 H(a^.) = NH4Cl(a9.) + H20(/); 

Strong Weak 

A/f=-12.3 kcal 


HCN(a 9 .) + liaOH(aq.)='NaCbi(aq.) + H20(/); 

Weak Strong 

A77=- 12.3 kcal 


CH COOH(a 9 .)+NH 40 H(a 9 .) = CH 3 COONH 4 (aq.) + H 20 (/); 


Weak 


Weak 


A77 = -11.9 kcal 


The reason for the lower value is that part of the heat energy 
evolved is utilised in the complete ionisation of a weak acid or a 
weak base or both. Hence, the net heat of neutralisation is less 
than 13.7 kcal. The neutralisation of NH 4 OH with HCl can be 
explained in the following way: 

m{^Oi{(aq.) = NH 4 (aq.) + OH” (aq.)- AH = Q 
and NH 4 (aq.) + Cl” (aq.) + H^ (aq.) + OH” (aq.) = NH 4 (aq.) 


+ C\-(aq.) + il20(l); 
A77 = -13.7 kcal 


or NH 4 OH(a^.) + H^ (aq.) + Cl (aq.) = NH 4 (aq.) + Cl (aq.) 


The heat of neutralisation (or enthalpy of neutralisation) is 
defined as the heat evolved or decrease in enthalpy when 1 gram 


+ H20(/); 
A77=-12.3 kcal 
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So, 0-13.7 =-12.3 

or 0 = 13.7-12.3= 1.4 kcal 

Hkice, 1.4 kcal of heat energy is absorbed for ionisation of 
NH 4 OH which get subtracted from 13.7 kcal. Thus, the observed 
value of heat of neutralisation is not -13.7 kcal but -12.3 kcal. 


Since, heat is liberated, heat of neutralisation should be negative. 
So, heat of neutralisation = -13.68 kcal. 

Exainple 37. Whenever an acid is neutralised by a base, 
the net reaction is 

H*iaq.) + 0friaq.)—^H20(l); AH = -57.1 kJ 



Thermometer 

Stirrer 


I—Polythene 
bottle 


Solution 


Determination of Heat of Neutralisation 

The heat of neutralisation 
of an acid or base can be 
easily determined in the 
laboratory with the help of 
polythene or polystyrene 
bottle. Bottle is fitted with 
rubber cork through which a 
thermometer and a stirrer are 
fitted as shown in the Fig. 

7.16.100 mL each of acid and 
alkali of equal normality are 
taken in separate bottles. The 
temperature of each solution 
is regularly recorded. When 
constant temperature is attained, the alkali solution is added to the 
acid solution. The mixture is quickly stirred and the maximum 
temperature attained is noted. 

Calculations: 

Suppose, the initial ten^ierature of acid and base - T] 

Final tenqierature of solution after mixing =r 2 


Fig. 7.16 


Calculate the heat evolved for the following experiments: 

(i) 0.50 mole of HCl solution is neutralised by 0.50 mole of 
NaOH solution. 

(h) 0.50 mole of HNOy solution is mixed with 0.30 mole of 
KOH solution. 

(lif) .100 mL ofQ.2 M HCl is mixed with 100 mL ofd.l M 
NaOH solution. 

(iv) 400 mL of 0.2 M HjSO^ is mixed with 600 mL ofO.l M 
KOH solution. 

Solution: According to the reaction, 

H+(a^.) + OH“(a^.)->H20(/); A77 = -57.1kJ 

when 1 mole of ions and 1 mole of OH~ ions are neutralised, 
1 mole of water is formed and 57.1 kJ of energy is released. 

(i) 0.50 mole HCl s 0.50 mole ions 

0.50 mole NaOH = 0.50 mole OH ■ ions 
On mixing, 0.50 mole of water is formed. 

Heat evolved for the formation of 0.50 mole of water 

= 57.lx 0.5 = 28.55 kJ 

(ii) 0.50 mole HNOj s 0.50 mole H ^ ions 


Rise in temperature = Ta-T’l 

For the purpose of simplicity, the heat capacity of the bottle 
may be neglected as it is very small in comparison to that of 
solution. The specific heat capacity of the solution is assumed to 
be the same as that of water. 


0.30 mole KOH = 0.30 mole OH " ions 

i. e., 0.30 mole of H ^ ions react with 0.30 mole of OH" ions to 
form 0.30 mole of water molecules. 

Heat evolved in the formation of 0.3 mole of water 


0 = Hrat change in reaction = Mass of ajlution 

X qj. heat X (Tj - 71) 

0 is the heat evolved hy the neutralisation. 

0 1 

Therefore, the enthalpy of neutralisation = x 1000 x - 

100 x 

where, x = normality of the acid or base. 

36. 150 mL of 0.5 N nitric acid solution at 
25.35°C was mixed with 150 mL of 0.5 N sodium hydroxide 
solution at the same temperature. The final temperature was 
recorded to be 28.77° C. Calculate the heat of neutralisation of 
nitric acid with sodium hydroxide. 

Solution: Total mass of solution = 150+150 = 300 g 

0 = Total heat produced = 300 x (28.77 - 25.35) cal 
' = 300 X 3.42= 1026cal 

Q 1 

Heat of neutralisation =-x 1000 X — 

150 05 

= l^x lOOOx — = 13.68kcal 
150 05 


= 57.1 X 0.3= 17.13 kJ 


(iii) 100 mL of 0.2 M HCl will give 


( 0,2 
UOOO 


xlOO 


= 0.02 mole of H ions 


and 100 mL of 0.3 A/ NaOH will give 
( 0.3 


X 100 =0.03 mole of OH" ions 


UOOO’ 

/. e. , 0.02 mole of H ^ ions react with 0.02 mole of OH " ions to 
form 0.02 mole of water molecules. 

Heat evolved in the formation of 0.02 mole of water 

= 0.02 x 57.1= 1.142kJ 

(iv) 400mLof 0.2 Af H 2 SO 4 will give 


2x0.2 

1000 


x400 


= 0.16moleof H ^ ions 


and 600 mL of 0-1 A/KOH will give 
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X 600 = 0.06 mole of OH “ions 

Uooo _ J 

i. e., 0.06 mole of H ^ ions react with 0.06 mole of OH “ ions to 
form 0.06 mole of water molecules. 

Heat evolved in the formation of 0.06 mole of water 


= 0.06x57.1 = 3.426 kJ 

: . Example 38. 100 err? of 0.5 N HO solution at 299.95 K 
were mixed with 100 ern^ 0,5 N NaOH solution at 299.75 K in a 
thermos flask. The final temperature was found to be 302.65 AT. 
Calculate the enthalpy of neutralisation ofHCl. Water equivalent 
of thermos flask is 44 g. 

Solution: The initial average temperature of the acid and the 
base 

= = 29985 K 

2 

Ri* in temperature = (302.65 - 299.85) = 2.80 K 
Heat evolved during neutralisation 

= (100 +100 + 44) X 4.184 x 2.8 = 28585 J 
2858 5 I 

Enthalpy of neutralisation =-^ x 1000 x- 

100 0,50 

= -57.17 kJ 

i Exaiiiple 39. When a student mixed 50 mLofl M HCl and 
50 ml of IM NaOH in a cojfee cup calorimeter, the temperature 
of the resultant solution increases from 21°C to 21.5° C. 
Assuming that the calorimeter absorbs only a negligible quantity 
of heat, that the total volume of solution is 100 mi, its density 
Ig mi'* and that its specific heat is 4.187/g. Calculate : 

(a ) the heat change during mixing, 

{b) the enthalpy change for the reaction, 


HCliaq .) + NaOHiaq .)-> NaCl(aq .) + H20{aq.) 

Solution: (a) Number of moles of HCl and NaOH added 


MF 

1000 


1x50 

1000 


= 005 


Mass of mixture = F xd = 100 x 1 = lOOg 

Heat evolved, f = msAr = 100x4.18x (27.5 - 2 LO) 

= 100 X 4.18 X 65 J = 27171 = 2.717 kJ 


(b) The involved reaction is: 


HCl(af.) + NaOHCag.)-> NaCl(aqr.) + HjO 

AH = Heat evolved per mol 


-2.717 

0.05 


= -54.34 kJ 


Example 40, The enthalpies of neutralisation of a strong 
acid HA and weaker acid HB by NaOH are -l3.7 and —12.7 
kcal/eq. When one equivalent of NaOH is added to a mixture 
containing 1 equivalent of HA and HB ; the enthalpy change wai 
-13.5fa;a/. In what ratio is the base distributed between HA and 


HB? 

Solution: Let xequivalent of EL4 and ^equivalent ofHR are 
taken in the mixture 


x+ y = 1 

‘ XX 13.7+yx 12.7= 13.5 
Solving eqs. (i) and (ii), we get 

x = 0.$,y = Q.2 
x:y = 4:l 

iii ENTHALPIES OF PHYSICAL CHANGES 
(Phase Changes) 

Heat energy is involved whenever a physical state of a substance 
is changed. Some important enthalpies of physical changes are 
defined below: 

(i) Enthalpy of fusion: It is the enthalpy change in 
converting 1 mole of the substance firom solid state to liquid state 
at its melting point. The enthalpy of fusion equals latent heat of 
fusion per gram multiplied by the molecular mass. The value of 
enthalpy of fusion gives an idea about the strength of the 
intermolecular forces operating in a solid. The values of 
enthalpies of fusion for ionic solids are much more than 
molecular solids in which molecules are held together by weak 


van der Waals’ forces. 


Melting 

HjOfs)->H20(/); 

NH = 1.44 kcal 

Freezing 

HjOf/)->H20 (s); 

^(fteuzing) =-l-44kcal 

(ii) Enthalpy of vaporization: It is the enthalpy change in 
converting 1 mole of the substance from liquid state to gaseous 
state (or vapour state) at its boiling point. 

Boiling 

H20(/)-^H20(g); 

A/7 = 195 kcal 


Condensation 

H20{g) ->H20(/); = -lQ5kcal 

Enthalpy of vaporization of a liquid gives an idea about the 
strength of intermolecular forces operating between the 
molecules of the liquid. 

(iii) Enthalpy of sublimation: Sublimation is the process 
in which a solid on heating is directly converted into vapour state. 
It is the heat change in converting 1 mole of a solid directly into 
its vapour at a given temperature below its melting point. 

l 2 is) - >l 2 (g); Aff=14.9kcal 

The enthalpy of sublimation of a solid is equal to the sum of 
enthalpy of fusion and enthalpy of vaporization. 

^^sublimation ~ 

HESS’S LAW (The Law of Constant 
Heat Summation) 

This law was presented by Hess in 1840. According to this 
law, if a chemical reaction can be made to take place in a 
number of ways in one or in several steps, the total enthalpy 
change (total heat change) is always the same, i. e., the total 
enthalpy change is independent of intermediate steps involved 
in the change. The enthalpy change of a chemical reaction 
depends on the initial and final stages only. Let a substance A 
be changed in three steps to D with enthalpy change from A to 


...(i) 

...(ii) 
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B AHi calorie, from S to C AH 2 calorie and from C to D AH^ 
calorie. Total enthalpy change from A to Z) will be equal to the 
sum of enthalpies involved in various steps. 

Total enthalpy change 

A^steps = AZfi +AH2 + AZfj 

Now if D is directly converted into A , let the enthalpy change 
be AH . According to Hess’s law AH^^^p^ + AH > 
AHjtgpj must be equal to numerically but with opposite 

sign. In case it is not so, say AH^^p^ (which is negative) is more 
than (which is positive), Aen in one cycle, some energy 

will be created which is not possible on the basis of first law of 
thermodynamics. Thus, AH^^^ must be equal to AH^^^ 
numerically. 

Hess’s law can also be verified experimentally with the help of 
following examples: 

(i) Formation of carbon dioxide from carbon: 

First method; Carbon is directly converted into CO 2 (g). 

C(s) + 02 (g) = C02{g); A7Z = -94.0kcal 

Second method: Carbon is first converted into CO(g)and 
then CO(g ) into CO 2 (g )»' ^. conversion has been carried in two 
steps: 

C(s)+ ^ O 2 = CO(g ); AH = - 2&0 kcal 

CO(g) + |o 2 =C02(g); AZ/ = -6a0kcal 

Total enthalpy change C(s) to COj (g ); AH = - 94.0 kcal 

(ii) Formation of ammonium chloride from ammonia and 
hydrochloric acid: 

First method: 


NHj (g ) + HCl(g ) = NH 4 Cl(g); '^AH = - 42.2 kcal 
NH 4 Cl(g) + a^.=NH 4 Cl(a^.); A/Z = + 4.0kcal 


NHj (g ) + HCl(g ) + aq. =^R^Cl(aq.y, 

AH = -38.2 kcal 

Second method: 


NH 3 (g)+a 9 .=NH 3 (a 9 .); 

AH = - 8.4 kcal 

Ha(g) + a9. = HCl(a9.); 

AH = -17.3 kcal 

NH3 (aq.) + }iCl(aq. ) = NH4Cl(a9. ); 

AH = -12.3 kcal 

NH3(g)+ HCl(g) + fl9. = NH4Cl(«9.); 

AH = -38.0 kcal 


Conclusions 

(i) The heat of formation of compounds is independent of 
the manner of its formation. 

(ii) The heat of reaction is independent of the time consumed 
in the process. 

(iii) The heat of reaction depends on the sum of enthdpies of 
products minus sum of the enthalpies of reactants. 

(iv) Thermochemical equations can be added, subtracted or 
multiplied like algebraic equations. 

Applications of Hess’s Law 

(i) For the determination of enthalpies of formation of those 
compounds which catmot be prepared directly from the 
elements easily using enthalpies of combustion of 
compounds. 


(ii) For the determination of enthalpies of extremely slow 
reactions. 

(iii) For the determination of enthalpies of transformation of 
one allotropic form into another. 

(iv) For the determination of bond energies. 

AHraciion = ^ Bond energies of reactants 

- ZBond energies of products 

(v) For the determination of resonance energy. 

(vi) For the determination of lattice energy. 

Thermochemical calculations: For making thermochemical 

calculations, the following points are kept in mind: 

(i) Write down the required thermochemical equation. For 
example, if heat of formation of methane is to be 
determined, write down the following equation: 

C(5)+2H2(g)=CH4(g);AF=? 

(ii) Try to obtain the required equation from the given data. 
This can be done in two ways: 

(a) By adding, subtracting and multiplying the various 
given thermochemical equations. Or 

(b) Heat of reaction = Total enthalpies of products - Total 

enthalpies of reactants 
Note; In case of calculation of heat of formation, the enthalpies of free 
elemaits can be arbitrarily fixed as zero at 25° C and 1 
atmospheric pressure. 

: I jE^mple 41. Calculate the standard heat of formation of 
carbon disulphide (T). Given that the standard heats of 
combustion of carbon (s), sulphur (s) and carbon disulphide (1) 
are-393.3,293.7 and-llOi.76 kJmol respectively. 

Solution: Required equation is 

q5) + 2S(s)- >€$2(1); AHf=7 

Given, 

C(5) + 02 (g)->C02(g) (AH =-393.3kJ) ...(i) 

S(5)+ 02 (g)->S02(g) (A//= -293.72kJ) ...(ii) 

CS 2 (I) + 3 O 2 (g)-> CO 2 (g) + 2 SO 2 (g) ...(iii) 

(AH = -1108.76 kJ) 

First method: Multiply the eq. (ii) by 2. 

2S(s) + 202 (g)—4 2S02(g) ...(iv) (AH = -587.44 kJ) 
Adding eqs. (i) and (iv) and subtracting eq. (iii), 

[C(s) + 2S(s) + 3 O 2 (g) - CS 2 (/) - 3 O 2 (g) 

-> CO 2 (g ) + 2 SO 2 (g) - CO 2 - 2 SO 2 ] 

C(s)+2S(s)->CS 2 (/) 

This is the required equation. 

Thus, AHf=- 393.3- 587.44 + 110R76 = 12802kJ 
Standard heat of formation of CS 2 (I ) = 128.02 kJ 
Second method: 

C(s) + 02(g)->C02(g); (AH = -393.3kJ) .. . (i) 

S(s) + 02 (g)->S02(g); (AH = -293.72 kJ) ... (ii) 

CS2(0 + 3O2(g)->C02(g) + 2S02(g); 

(AH = -1108.76 kJ) ...(iii) 

From eqs. (i) and (ii). 

Enthalpy of CO 2 = - 393.3 kJ 
Enthalpy of SO 2 = - 293.72 kJ 
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Enthalpy of O 2 = 0 (By convention) 
Ml of eq. (iii)=Enthalpies of products 

— Enthalpies of reactants 
-1108.76= - 393.3 + 2 x (- 293.72) - AiTcs^w 
Mlcs^^i) = (1108.76- 980.74) = 128.02 kJ 
Enthalpy of CS 2 (/) = 128.02 kJ 

[ Example 42. Calculate the heat of formation of acetic 
acid from the following data: 

CH,C00H(l)+202ig) - >2C02(g) + 2H20(l) ...(/) 

(Ml =-201.9 kcal) 
C(s)+ 02 (f)- ^C02(g) (AH = -94.4Skcal) ...(») 

^ 2 (f) + ^02(f)- >^20(1) (Ml^-6Mkcal) ...(iif) 

Solution: First method: The required equation is 
2C(s) + 2H2(g)+ 02(g) = CH3C00H(/); Ml = l 
This equation can be obtained by multiplying eq. (ii) by 2 and 
also eq. (iii) by 2 and adding both and finally subtracting eq. (i). 

[2C+ 2 O 2 + 2 H 2 + O 2 - CH3C00H(/) - 2 O 2 

-> 2 CO 2 + 2 H 2 O - 2 CO 2 - 2 H 2 O] 

^CE,coom = 2X (-94.48)+ 2x (- 68.4)- (- 207.9) 

= -188.96- 136,8+207.9 
= -325.76+ 207.9 = -117.86 kcal 
Second method: From eqs. (ii) and (iii) 

Enthalpy of CO 2 = - 94.48 kcal 
Enthalpy of H[20 = - 68.4 kcal 
Enthalpy of Oj = 0 (by convention) 

Ml of eq. (i)=Enthalpies of products - Enthalpies of reactants 
- 207.9 = 2 X (- 94.48) + 2(- 68.4) - AHcn^oom,) 
^CHjCOOHt/) =-188.96- 136.8+ 207.9 

= -325.76+ 207.9 = -117.86 kcal 

iaWPte43. Given the following standard heats of 
reactions : 

(a) heat of formation of water = - 68.3 kcal, (b) heat of 
combustion ofC 2 ll 2 ~ — 310.6fca/ and (c) heat of combustion of 
ethylene = - 331.2 kcal. Calculate the heat of the reaction for the 
hydrogenation of acetylene at constant volume and at 25° C. 
Solution: The required equation is 

C2H2(f) + H2(g)->C2H4(g); Ml = l 

Given, 

(a) H 2 (f ) + ^ O 2 (g)-> H20(/) ...(i) (Ml = - 68.3 kcal) 

(b) C2H2(g) + ^02(g)—+2C02(g)+H20(/) ...(ii) 

(Afl' = -310.6 kcal) 

(c) C2H4(g)+ 302 (g)-> 2 C 02 (g)+ 2 H 20 (/) ...(iii) 

(A//= -337.2 kcal) 

The required equation can be achieved by adding eqs. (i) and (ii) 
and subtracting (iii). 

C 2 H 2 (g) + H 2 (g) + 3 O 2 (g)- C 2 H 4 (g)- 3 O 2 (g) 


or C 2 H 2 (g) + H 2 (g)->C 2 H 4 (g) 

Ml = - 68.3 - 310.6 - (-337.2) = - 378.9 + 337.2=- 41.7 kcal 
We know that, 

Ml = AE^AnRT 
AE = Ml-&nRT 

Am = (1 - 2) = -1, = 2 X 10~^ kcal moP' K‘‘ 

and r = (25 + 273) = 298K 

Substituting the values in above equation, 

AE = -4l.l- (-1)(2 X 10"^ )(298) 

= -41.7+0.596=-41.104 kcal 
Example 44. Determine the heat of transformation of 
^(diamond) .C {graphite) from the following data: 

^ (diamond) 02(g)—^co 2 (g) ...(0 

(Ml = - 94.5 kcal) 

0 (g,aphite) + <^2 (g) - >C02(g) ...(») 

(AH = -94.0 kcal) 

Solution: Subtracting eq. (ii) fi-om (i), the required equation 
is obtained. 

^tranrfonration = " 94.5 - (-94.0) 

= -94.5+ 94.0 = -0.5 kcal 

, Example 45. Methanol can be prepared synthetically by 
heating carbon monoxide and hydrogen gases under pressure in 
the presence of a catalyst. The reaction is 

CO(g)+2112(g) -^ CH^OHd ). 

Determine the enthalpy of this reaction by an appropriate 
combination of the following data: 

0 (gmphile) ■*" ^ ^2 (g)—^co(g) ...(0 

(AH = -m.5klmor') 

^{graphite ) + 02 (g) - >C02(g) .-.(ii) 

(AH =-393.5kJ mol “* ) 

H2(g) + \02(g) - >H20(1) ...(iii) 

(AH=-2&5.9klmor') 
CH 20 H(l) + ^ 02 (g) - >C 02 (g) + m 20 (l) ...(iv) 

(AH =-126,6 U mor^) 

Solution: The required equation can be obtained in the 
following manner: 

- eq. (i) + 2 eq. (iii) + eq. (ii) - eq. (iv) = COj (g) + 2 H 2 (g ) 

->CH 30 H(g) 

So, AH = \ 10.5 - 571.8 - 393.5 + 726.6=-128.2 kJ moP‘ 

|:^“Exajdttple 46. How much heat will be required to make 
2 kg of calcium carbide (CaC 2 ) according to the following 
reaction? 

CaO(s) + 3C(s)—^CaC2(s)^CO(g) 


+ 2CO2 + 2H20(/) - 2CO2 (g) - 2H20(/) 
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The heats of formation of CaO{s), CaC 2 (s) and CO(g) are 
-151.6, -14,2 and-26.4 kcal respectively. 

Solution. Ai/ = HiAH^ (products) ~ (reactants) 

= [A«}(CaC,)+AW;(cO)]-[^(CaO) 

= [-14.2-26.4]-[-151.6+3X 0] 


bond. The energy required to break the bond is termed bond 
dissociation energy. The more precise definition is: 

The amount of energy required to break one mole of bond of a 
particular type between the atoms in the gaseous state, i.e., to 
separate the atoms in the gaseous state under 1 atmospheric 
pressure and the specified temperature is called bond dissociation 
energy. For example. 


= -40.6+151.6= 111.0 kcal 

For formation of 64 g of CaCj 111.0 kcal of heat is required. 
So, heat required for making 2000 g of 

CaC, = X 2000 = 3468.75 kcal 

64 


■itM influence of temperature on 

THE HEAT OF REACTION 
OR 

kiRCHHOFF’S EQUATION 


Let us consider a reaction occurring at constant pressure. Heat of 
reaction at constant pressure may be given as: 


AH=^Hp-H r 

Differentiating the above equation with respect to ‘T’ at 
constant pressure, we get: 


fdAH') 


fdHp') 


UHr^ 

1 dT ) 

p 

[ dT J 

p 

1 dT J 


- (^p )p - (Cp )r - ^Cp 

or d(AH) = ACpdT 


Integrating above differential equation within proper limit, we 
get: 

dAH = ACp dT 
Jr, Jr, 


AHj^-AHr^ 
AHj.^ - Aff r, 

Tt-T, 


= ACp{T2-T^) 

= ACp 


Above equation is Kirchhoff’s equation. It is used to 
calculate heat of reaction dt a temperature provided it is known at 
another temperature. 

Change in heat of reaction due to per degree change in 
temperature is equivalent to heat capacity difference between 
reactant and product. ' 

Kirchhoff’s equation at constant volume may be given as: 


AE — AM 

r^-r, 


= AC^, 


BOND ENERGY OR BOND ENTHALPIES 

When a bond is formed between atoms, energy is released. 
Obviously same amount of energy will be required to break the 


H-H^g)-^2H{g); 

Cl-Cl(g)->2Cl(g); 

H-CI(g)->H(g)+Cl(g); 

I-%)-^ 21 (g); 


A// = + 433 kJ mol ' 
AH = +242.5 kJmor* 
AH = + 431kJmor' 
AH = + 15.1kJm0r' 


H—1(g)->H(g) + I(g); AH = + 299kJnK»r 

The bond dissociation energy of a diatomic molecule is also 
called bond energy. However, the bond dissociation energy 
depends upon the nature of bond and also the molecule in which 
the bond is present. When a molecule of a compound contains 
more than one bond of the same kind, the average value of the 
dissociation energies of a given bond is taken. This average 
bond dissociation energy required to break each bond in a 
compound is called bond energy.* 

Consider the dissociation of water molecule which consists of 
two O—^H bonds. The dissociation occurs in two stages. 

H20(g)->H(g)+OH(g); AH = 497.8 kJmor* 

OH(g)->H(g)+0(g); AH = 428.5 kJmor' 

The average of these two bonds dissociation energies gives the 
value of bond energy of O—^H. 

497 8 + 428 5 i 

Bond energy of O—Hbond=-^ =463.15 kJn»l 


Similarly, the bond energy of N—^H bond in NH 3 is equal to 
one-third of the energy of dissociation of NH 3 and those of C— 
bond in CH 4 is equal to one-fourth of the energy of dissociation 
ofCH 4 . 

1664 . 

Bond energy C—■H= ^ =416kJmol ' 

[CH 4 (g)- > C(g) + 4H(g); AH = 1664 kJ n»r* ] 

Application of Bond Energy 

1. Heat of a reaction = E Bond energy of reactants 

- E Bond energy of products 
Note; In case of atomic species, bond energy is replaced by heat of 
atomization. 

2. Determination of resonance energy: When a 

compound shows resonance, there is considerable difference 
between the heat of formation as calculated from bond energk" 
and that determined experimentally. ^ 

Resonance energy = Experimental or actual heat of formation 

~ Calculated heat of formation. 


*Bond energy is also called, the heat of formation of the bond from gaseous atoms constituting the bond with reverse sign. 
H(g)+Cl(g)-^H—Cl(g); AH=-431kJinor‘ 

Bond energy of H—Cl= - (enthalpy of formation) = - (- 431) = + 431 kJ mol” * 
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Example 47. Calculate the AH of the reaction, 

H 

I 

H —C —C/(g)- >Cis)+ 2Hig) + 2C/(g) 

I 

Cl 

Bond energy for C—H bond and C—Cl bond are A\5kJ and 
326 kJ respectively. 

Solution: = Sum of bond energies of reactants 

- Sum of bond energies of products 
= [2x(C—H)+2x(C—Cl)]-0 

(All the products are free atoms) 

= 2x415 + 2x326 
= 830+652=1482 kJ . 

- ■ Example 48. Calculate the enthalpy of the following 
reaction: 

H^C=CH^ (g) + ^2 (g)-) CHj - CH3 (g) 

The bond energies of C—H, C — C, C—C and H—H are 99, 
83, 147 and 104 kcal respectively. 

Solution: The reaction is: 

H H H H 

II I I 

C=C(g) + H-H(g) - )H-C-C-H(g); AH = 1 

II II 

H H H H 

AH = Sum of bond energies of reactants 

- Sum of the bond energies of products 

= [A/ff;=c + 4 X AHq_yi + ] 

- + 6 X AHq__^ ] 

= (147 + 4 X 99 + 104)- (83 + 6 x 99) = -30kcal 
^Example 49. The bond dissociation energies of gaseous 
H 2 , Clj and HCl are 104, 58 and 103 kcal mol respectively. 
Calculate the enthalpy of formation of HCl{g ). 

Solution: The required equation is 

\^2ig) + \c\2{g) ->HCl(g); A^f=? 

= [i A^h-h .+ 1 ] 

= - X104 + - x58-103 = -22kcalmor‘ 

2 2 

i.Lf Example 50. Calculate the enthalpy of formation of 
ammonia frorh the following bond energy data: 

(N—H) bond = 3S9 U moH^- ifi—H) bond = A35 U 
mol and (N=N) bond = 945.36 fc/ mol 


445 

Solution: 

H 

I 

N=N+3(H—H)->2N—H; AH =7 

I 

H 

AH = + 3 X A/f(jj_jj) ] - [6A/f(N_jj) ] 

= 945.36+ 3x435.0-6x389.0 =-83.64 kJ 

Heat of formation of NH3 = = - 41.82 kJ mol”’ 

2 2 

; . Example 51. Calculate the resonance energy 0 /A 2 O from 
the following data: 

AH}ofN20=S2Umor' 

Bond energy of N=N ,N—N ,0=0 and N=0 bonds is 
946,418, 498 and 607 kJ mol respectively. (HT 1991) 

Solution: N=N(g) +- (0=0)->N=N=0(g) 

2 

^fQftp) ~ [^^(N sN) + 2 ^^(0=0) ] “ [A/f(N =0) + =N) ] 

= (946 +-^ X 498) - (607 + 418) 

= 946+249-607-418 
= 1195-1025 = 170 kJmor' 

Resonance energy = Observed heat of formation 

~ Calculated heat of formation 
= 82-170= 88 kJmor' 

^'[Example 52. The enthalpies for the following reactions at 
25° C are given: 

^^2te)+^C>2(g) - >0/f(g); AH=\9.96kcal 

^2(g)-A/f = 104.18 Aca/ 

02(g)-> 20(g); A/f= 118.32 fca/ 

Calculate the O—H bond energy in the OH group. 

Solution: Required equation is 


H(g)+0(g)- 

■ 

0 

T 

Ai/ = ? 

Given:-^ H 2 (g) + ^ O 2 (g) - 

-^OHfe); 

A/f = +10.06 kcal 

H(g)- 


A/f = -52.09 kcal 

0 (g)- 


A/f = -59.16kcal 

Adding, H(g)+0(g)- 

-^OHfe); 

A/f = -101.19kcal 


Example 53. The standard molar enthalpies of formation 
of cyclohexane {l)and benzene (l)at 25° C are 56 and + 49kJ 
mol respectively. The standard enthalpy of hydrogenation of 
cyclohexene (/) at 25°C is -119 kJ mol Use these data to 
estimate the magnitude of resonance energy of benzene. 

(HT 1996) 
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Solution: 

Cyclohexene(/) +H 2 (g)->Cyclohexane(/); Mi = -119kJ 

Enthalpy of formation of cyclohexane(/) = -156 kJ moF * 

So,enthalpy of fomation of cyclohexane = -156 -(-119) kJ 

= -37kJmor‘ 

Since, A//(.y£,ohexane is -156 kJ mol , we can say that for every 

double bond the energy decreases by an amount +119 kJ mol"' 
and therefore for the introduction of three double bonds (present 
in benzene ring) the energy required 

= 3xll9kJm0r‘ =357kJmor‘ 


Hence, theoretical Aff f for benzene = (357 - 156) kJ mol ' 

= 201kJmor‘ 

Resonance energy = Theoretical AT/y - Ob^rved HH f 
= (201~49)kJmor‘ =152kJmor' 


Eliiftiple 54. Calculate heat of combustion of ethene: 

\c=cc +30=0-> 20 = 0=0 + 2/7—0—/7 

/// W 


from bond energy data: C=C, C -H,0=O, C=Oi O—H 
BEkJmor^: 619 414 499 724 460 

Solution: 

Mi = Sum of bond energies of reactants 

- Siun of bond eiKr^es of products 

~ [A//(c=c) + 4A//(j^_jjj + 3 X A//(o=q) ] 

- [4 X Mi + 4 X A/f^Q^yj ] 

= [619 + 4 X 414 + 3 X 499] - [4 x 724 + 4 x 460] 
=:-964kJmor‘ 

i&'S Example 55. Using the data {all values are in kilocalorie 
per mole at 25° C ) given below, calculate the bond energy of 
C—C and C—H bonds. 

combustion of ethane 372.0 

combustion of propane ~ ~ 530.0 

Mi° forCf^^,,,y -> C(g) = +172.0 

Bond energy of H—H bond = +104.0 

Mi} of H20il) = -6S.0 
Mi} of C02{g)=-94.0 

Solution: 

C2H6(g) + ^02->2C02(g)+3H20(/); AH = -372.0 

Mi} (CjHfi) = 2 X (- 94.0) + 3 X (- 68,0) + 372.0 = - 20 kcal 
CjHg (g) + 502 -^ 3C02 (g) + 4H20(/); Mi = - 530.0 


Aff/ (CaHg) = 2 X (- 94.0) + 4 x (- 68.0) + 530.0 = - 24 kcal 

2C(s) + 3 H 2 (g)-> CaHg (g); Mi = - 20.0 

■ 2C(g)-> 2C(s); Ml = - 344.0 

6H(g)—>3H2(g); Ag = -312.0 

Adding 2C(g)+6H(g)->C 2 H 6 (g); AH- = -676kcal 

So, enthalpy of formation of 6C—H bonds and one C—C bond 
is-676.0 kcal. 

3C(5)+4H2(g)->C3Hg(g); AE( = -24.0 

3C(g)->3C(s); A/f = -516.0 

8H(g)->4H2(g); Atf = -416.0 

Adding 3C(g) + 8 H(g )-> C 3 Hg (g); AH^ = - 956.0 kcal 

So, enthalpy of formation of 8 C—^H and 2C—C bonds is 

-956 kcal. 

Let the bond energy of C—C be x and of C—H be y kcal 

In ethane x + 6 y = 676 

In propane 2 x + 8 y = 956 

On solving, x = 82 and y = 99 

Thus, bond energy of C— C=82 kcal and 
bond enetgy of C— H=99 kcal 

Example 56. Using the bond enthalpy data given below, 
calculate the enthalpy offormation of acetone (g ). 

Bond energy C — H = 413.4 kJ mol ; 

Bond energy C —C = 347.0 L/ mol ; 

Bond energy C =0 = 728.0 kJ mol “*; 

Bond eneigy 0=0= 495.0 kJ mol ; 

Bond energy H — H = 435.8 kJ mol ; 

^subC(^)= 718.4 fc/mor' 

Solution: 

3C(g) + 6 H(g) + 0(g)-> CHjCOCH, (g) 

In acetone, six C—H bonds, one C=Obond and two C—C 
bonds are present. Energy released in the formation of these 
bonds is 

= -6x413.4- 728.0- 2 x 347.0 = - 3902.4 kJmoF‘ 
The equation of the enthalpy of formation of acetone is 
3C(„M..) + 3H2(g)+i02(g)->CH 3 COCH 3 (g); AH= ? 

This equation can be obtained from the following equations 
by adding; 


3C(g) + 6 H(g) + 0(g)- 

--^CH 3 COCH 3 (g); 

A//= -3902.4 kJmoF' 

3C(s)- 

-^3C(g); A/7 = 2155.2kJmoF‘ 

3H2(g)- 

-> 6 H(g); A//=1307.4kJmoF‘ 
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and ^ 02 (g)->0(g); AiT = 247.5 kJ mol”' 

3C(5) + 3 H 2 (g) + ^ O 2 (g)-^ CH 3 COCH 3 (g); 

AiT = -192.3 kJmor' 


7 . A/ 7 J 298 K of methanol is given by the chemical equation: 

(AIIMS 2005) 

(a) CH 4 (g) + ^ O 2 (g)-) CH 30 H(g) 

(b) C (graphite) + I O 2 (g) + 2 H 2 (g) ^ CH 30 H(/) 

(c) C (diamond) + ^ O 2 (g) + 2 H 2 (g)-) CH 30 H(/) 

(d) CO(g) + 2 H 2 (g)-) CH30H(/) 

[Ans. (b)] 

[Hint: In the process of formation, the compound must be 
formed from constituent elements in their standard state.] 

8 . The standard molar heat of formation of ethane, COj and HjO 
(/) are respectively -21.1, -94.1 and -68.3 kcal. The standard 
molar heat of combustion of ethane will be: 

(a) -372 kcal (b) -240 kcal 

(c) 162 kcal (d) 183.5 kcal 

[Ans. (a)] 

[Hint:CjHgCg) + | 02 (g)-> 2CO^(g) + 3H20(g) 

A/7 = 2A7/^(co 2) + 3A/(y-(H20) ~ ^/(CjH^) 

= 2(-94.I) + 3(-68.3) - (-211) = - 372 kcal] 

9. When ethyne is passed through a red hot tube, then formation 
of benzene takes place: 

(C 2 H 2 )(g) ~ 230 kJ mol 
(QH6)(g) = 85 kJ mol ' 

Calculate the standard heat of trimerisation of ethyne to 
benzene. 

3C2H2(g)-^C,H,(g) 

(a) 205 kJ mol ' (b) 605 kJ mol ' 

(c) - 605 y mol"' (d) -205 kJ mol"' 

[Ans. (c)] 

[Hint: - 3A//y (QH^) 

= 85 - 3(230) 

= - 605 kJ mol" ’ ] 

10 . F 2 (g) + 2HCl(g)->2HF(g)+Cl2(g); 

A^° = -352.18y 
^/(HF) =-2683^ 

The heat of formation of HCl will be: 

(a)-22 y mol"' (b)88ymor' 

(c) -92.21 y mol"' (d) -183.8 y mol"' 

[Ans. (c)] 


[Hint: A//reaction -2A//^(jiP) -2A//y^(j3cn 

-352.18 = 2 X (-268.3)-2r: 

2r: = 2(-268.3)+ 352.18 
a; = -92.21 y mol"'] 

11. Given two processes: 

^ P4 (s) + 3CI2 (g)-> 2PCI3 (/); AJT = - 635 kJ 

PCl3(/) + Cl2(g)->PCl5(s); AJT = -137y 

The value of AH^ of PCI5 is: 

(a) 454.5 y mol"' (b) - 454.5 kJ 

(c) -ml y mol"' (d) - 498 y mol"' 

[Ans. (b)] 

[Hint: 1 f,(s) + ^ Cl2(g)-> PCl5(/); A// = - -^ y 

PCl3(/) + Cl2(g)->PCl5(i);A7/=-137y 

On adding,i P4(s) + | Cl2(g)-> Pei5(s); AH = -454.5 y] 

12. The enthalpy of combustion at 25°C of H2, cyclohexane 

(C5H12) and cyclohexene (C5H10) are -241, -3920 and 
-3800 y/mol respectively. The heat of hydrogenation of 
cyclohexene is: [CBSE (Med.) 2006] 

(a) -121 y/mol (b) +121 y/mol 

(c) -242 y/mol (d) +242 y/mol 

[Ans. (a)] 

[Hint: Hjlg) + ^ 02(g)-> H20(/) (A/7 = - 241 y) ...(i) 

QH,o + y 02(g)-> 6C02(g) + 5H20(/) ...(ii) 

(A77 = -3800y) 

C6H,2 + 902(g)-> 6C02(g) + 6H20(/) ...(iii) 

(AH'=-3920 y) 

Eq. (i) + eq. (ii) - eq. (iii) gives 

A/7 = - 241 - 3800 - (-3920) = -121 kJ 
for C6 H,o + H 2->Cyi,2] 

13. Given that: 

2Fe(s) + ^ O2 (g) -—> Fe2O3 (s) (A/7 = -193.4 y) ... (i) 

Mg(s) + -02(g)->MgO(s) (A// = -140.2y) ...(ii) 

What is AH of the reaction? 

3Mg + Fe203 -^ 3MgO+ 2Fe [JEE (Orissa) 2005] 

(a)-227.2 y (b)-272.3 y 

(c) 227.2 y (d) 272.3 y 

[Ans. (a)] 

[Hint: Subtracting equation 1st from 2nd multiplied by 3, 
2Fe(j) + I 02(g)-> Fe203(i) (AH = -193.4 kT) ...(i) 

3Mg(j) + ^ 02(g)-> 3MgO(i) (AH = - 420.6 y)... (ii) 

Subtracting eq. (i) from (ii), 

3Mg(j) + Fe203 -> 3MgO + 2Fe; AH = - 420.6 - (-193.4) 

= -227.2 y] 
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14. Given that: 

2C(s)+202(g)->2C02(g) (4ff=-787U) ...(i) 

H 2 te)+^ 02 (g)-)H 20 (/) (iy7 = -286U) ...(ii) 

CjHjte) + 102 (g)-> 2 C 02 (g ) + H 20(0 -(iil) 

(AH = -1301kJ) 

Heat of formation of acetylene is; [ JEE (Orissa) 2005] 

(a)-1802kJ (b)+1802kJ 

(c)-800kJ (d)+228U 

[Ans. (d)] 

[Hint: Required equation is: 

2 C(s)+H 2 Cg)->C 2 H 2 (g) 

Eq. (i) + eq. (ii) eq. (iii) gives 

Mf = (-787) + (-286) - (-1301) 

= +228kJ] 

15. The enthalpy changes for two reactions are given by the 
equations: 

2Cr(s) + |02(g)-J 0203 ( 5 ); AH = -1130kJ 

C(s) + i02(g)->CO(g); A/f=-110kJ 

What is the enthalpy change in kJ for the following reaction? 

3C(5)+ 0203 ( 5 )->20(5)+3CO(g) 

(a) -1460 kJ (b) -800 kJ (c) +800 kJ (d) +1020 kJ 

(e)+1460kJ 

[Ans. (c)] 

[Hint: 3 C( 5 )+|o 2 (g)^-> 3CO(g); AH=-330kJ 

0263 ( 5 )-» 2 Cr( 5 ) + I 02 (g); Ai7= + 1130kJ 

On adding, 3 C( 5 )+ 0203 ( 5 )-» 20 ( 5 ) + 3CO(g); 

AW^ = 800U] 

16. The enthalpy change Mi for the neutralisation of 1 M HQ by 

caustic potash in dilute solution at 298 K is: (DPMT 2005) 
(a) 68 kJ (b)65kJ 

(c)57.3U (d)50kJ 

[Ans. (c)] 

[Hint: Since, both HCl and KOH are strong, 57.3 kJ heat will 
berele^d.] 

17. Enthalpy of neutralisation of the reaction between CH 3 COOH 
{aq. ) and NaOH(af.) is -13.2 kcal eq”* and that of the reaction 
between H 2 S 04 (aq.) and KOH(af.) is -13.7 kcal eq”'. The 
enthalpy of dissociation of CH 3 COOH(aq.) is: 

(a) -0.5 Real eq”‘ (b) +0.5 kcal eq ' 

(c)-26.9 kcal eq”' (d)+13.45 kcal eq”' 

[Ans. (b)] 

[Hint: Dissociation enthalpy of CH 3 COOH = 13.7 - 13.2 
= 0.5 kcal eq”*. Thus, 0.5 kcal eq”' heat will be used to 
dissociate CH 3 COOH completely.] 


Calculate the enthalpy change when 50 mL of 0.01 M 
Ca(OH )2 reacts with 25 mL of 0.01 Af HCl. Given that A/f° 
neutralisation of a strong acid and a strong base is 140 kcal 
mol”'. 

(a) 14 kcal (b) 35 cal (c) 10 cal (d) 7.5 cal 
[Ans. (b)] 

[Hint: Number of moles of HCl = -jME. = ^ — 

1000 1000 

i 25x10”'' 

HCl—>H"^+cr 
n ^ = 25y. 10 ”* 

XT u ^ 1 AfF 001x50 _ ,„_5 

Number of moles of CatOH), =-=-= 50 x 10 

1000 1000 

=2x50x10”* = 10”* 

OH 

In the process of neutralisation 25 x 10”* rhole will be 
completely neutralised 

.-. AH = 140 X 25 X 10”* kcal = 0.035 kcal = 35 cal ] 

19. Equal volumes of 1MHQ and 1 M H 2 SO 4 are neutralised by 
1 M NaOH solution and x and y kJ/equivalent of heat are 
liberated respectively. Which of the following relations is 
correct? 

(a)x = 2>' (b)j:=3y {c)x=4y (d)x = ji4>' 

[Ans. (d)] 

[Hint: Since, H 2 SO 4 gives 2 moles while HCl gives 1 
mole H*' from 1 mole after ionisation. Hence, H 2 SO 4 will 
release double amount of heat as compared to HCl, 


20. Which of the following acid will release maximum amount 

of heat when completely neutralised by strong base NaOH? 
(a)lMHCl (b)lMHN 03 

(c) 1 Af HQO4 (d) 1 M H2SO4 

[Ans. (d)] 

[Hint: Ionisation of H 2 SO 4 gives double amount of H* ions as 
compared to other acids. 

H 2 SO 4 -> 2H"^ + SO|” ] 

21. Determine the heat of the following reaction; 

FeO(5) + Fe203(5)->Fe304(5) 

Given informations: 

2 Fe( 5 )+ 02 (g)-> 2 Fe(X 5 ); AH“=-544kJ 

4Fe(5) + 3 O 2 (g) —^ 2 Fe 203 (5); = -1648.4 

Fe 304 ( 5 )—^ 3 Fe( 5 )+ 202 (g);AH° = +Tlia4 
(a)-1074kJ (b)-22.2kJ (c)+249.8 kJ (d)+2214.6 kJ 
[Ans. (b)] 

[Hint: 2 FeO( 5 ) -> 2 Fe( 5 ) + 02 (g); AH°= + 544kJ 

2 Fe 203 ( 5 ) —^ 4Fe(5) + 302 (g); Mi° = + 1648.4 kJ 

6Fe(5) + 402 (g) -> 2 Fe 304 ( 5 X AH° = 2 X 1118.4 kJ 

On adding, 

2 FeO( 5 ) + 2 Fe 203 ( 5 ) —^ 2 Fe 304 (sX Mi° = - 44.4 kJ 

.-. FeO( 5 ) + Fe 203 ( 5 )-»Fe 304 ( 5 X AH‘’=-222kJ] 
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22. Calculate the enthalpy of formation of A// ^ for CjHjOH 

from tabulated data and its heat of combustion as represented 
by the following equations; 

H2(g)+KO,fe)^H20(g) ...(i) 

(Afl^° = -24L8kJmor‘) 

CW + 02 (g)->C 02 (g) ...(ii) 

(Ai/''= -393.5 kJ mol”*) 

CaHjOHC/) + 3 O 2 (g)-> 3H20(g) + 2C02(g) ...(iii) 

(A/J° = -1234.7 kJ) 

(a) -2747.1 kJ mor‘ (b) -277.7 kJ moC* 

(c) 277.7 kJ mor* (d) 2747.1 kJ moF* 

[Ans. (b)] 

[Hint: Required equation: 

2C(*) + 3H2(g) + KOaCg) ^ 

2C(j) + 202 (g) -> 2C02(g); AH° = -2 X 393.5 kJ 

3H2(g) + ^ 02 (g) -^ 3H20(g); A//” = - 3 x 241.8 kJ 

3H,0(/) + 2C02(g)-> C2H50H(/) + 302(g); 

A//“ = + 1234.7 kJ 

On adding, 

2C(s) + 3H2(g) + i 02 (g)-> CjHjOHC/); 

_ A//° = -277.7 ymoF*] 

23. Which of the following methods for calculation of heat of a 
reaction is not correct? 

(^) AZ/feaction — 2iA//y pj-gdycts 2]A//^- reactants 

(b) 

reaction 2(BE)fgagantS ^(BE)pjgdgg,s 

(c) A/f jgacrion “ (reacunts) ~ (products) 

(d) A/fjaaction ~ '^•Af^solution (reactants) ~ ^ATfsgigtign (products) 

[Ans, (d)] 

24. Heat of combustion of diamond and graphite are -94.5 kcal 
and -94 kcal/mol respectively. What will be the heat of 
transition from diamond to graphite? 

(a) - 0.5 kcal (b) +0.5 kcal (c) 1 kcal (d) -1 kcal 
[Ans. (b)] 

[Hint, AH — AZ/ggadj, ^diamond) ~ (graphite)) 

25. For the reaction, 

3N,0(g) + 2 NH 3 (g)-» 4 N 2 (g) +- 3H20(g); 

Mr = -879.6 kJ 

If Afl'J[NH3(g)] = -45.9kJiiMr'; 

AiY;[ H20(g)] = - 241.8 kJ moF* 

then A/ 7 j[N 20 (g )] will be: . 

(a) +246 e (b) +82 kJ 

(c) -82 kJ (d) -246 U 

[Ans. (b)] 

[Hint. A//,,aaction ” SA/fy (products) ” EA/^y (reactants) 

= 4A/7;[N2]+ 3A/f;[H20]-{3A?/;[N20] 


26. The bond energies of C= C and C—C at 298 K are 590 and 

331 kJ moF' respectively. The enthalpy of polymerisation 
per mole of ethylene is: 

(a)-70kJ (b)-72kJ (c)72kJ (d)-68kJ 

[Ans. (b)] 

[Hint: The polymerisation of ethene may be represented as 

/1CH2 = CH2-> - CH2 +„ 

one mole of C = C bond is decomposed and two moles of C — C 
bonds are formed per mole of ethene. 

AH = 590 - 2 X 331 = - 72 kJ per mol of ethylene.] 

27. For the reaction, 

2H2(g)+ 02 (g)->2H20(g); Ai7 = -571kJ 

bond energy of (H—H) = 435 kJ; of (0=0) = 498 kJ; then 
calculate the average bond energy of (O—^H) bond using the 
above data. (DCE 2005) 

(a)484kJ (b)-484y (c)2711d (d)-271kJ 

[Ans. (a)] 


28. 


29. 


[Hint: 2(H—H) +0=0 -> 2(H—O—H) 

A//=2(BE)„-I(BE)pr„d«rts 
-571 = [2 X 435 + 498] - 4 X (BE)o_„ 


(BE)o_ 


2x435+ 498+ 571 


484 kJ] 


Use the bond energies in the table to estimate AH tor this 
reaction: 


CH2 = CH; + CI2 -—> CICH2 -- CH2CI 


Bond, 

C—C 

C=C 

C—Cl 

C—H 

Cl—Cl 

Bond energy 
(kJ/mol) 

347 

612 

331 

414 

243 


(a) A// = - 684 kJ (b) A/f = - 154 kJ 

(c) A// = + 89 kJ {d) AH = + 177 kJ 

[Ans. (b)] 

[Hint; 

A?frcac.icrr ='^im reactants 2(BE)p,gd ucts 

= [(BE)c=c + 4 (BE)c_h + (BE)ci_ci) 

-[4(BE)c„h + 2(BE)cr_ci + (B£)c.^c] 
= [(BE)c=c + (BE)c,_a 1 - [2(BE)c_c, + (BE)c.^c J 
= [612 + 243]-[2x33l+ 347] = -154 WJ 
Heat of formation of 2 moles of NH 3 (g ) is -90 kJ; bond 
energies of H—H and N —^H bonds are 435 kJ and 390 kJ 
moF* respectively. The value of the bond energj' of N=N 
will be; 

(a) - 472.5 kJ (b) - 945 kJ (c) 472.5 kJ (d) 945 kJ moF* 
[Ans. (d)] 

H 

[Hint: N=N + 3(H—H)->2N—H ; Aff = -90kJ 

I 

H 


Affrcaction 2i(BE)rgr,ctair(s ^(BE)prgdycts 

-90 = [(BE)n^n + 3(BE)h_.h ] - [6(B£)„_h ] 
-90 = X + 3 X 435 - 6 x 390 
x = 945 kJmoF‘] 


+ 2Atf;[NH3]}] 
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30. If values of AHJ of ICl(g ), Cl(g) and I(g) are respectively 

17.57, 121.34, 106.96 J mol"'. The value of I—Cl (bond 
energy) in J mol is: 

(a) 17.57 (b) 210.73 (c) 35.15 (d) 106.96 

[Ans. (b)] 

[Hint: The process will be: 

1(g) + Cl(g)-> 1—Cl(g^ AH° = 17.57 J mol"' 

AH = Heat of atomisation of 1(g) and Cl(g) 

- Bond energy of I—Cl bond 
17.57 = 12134 + 106.96-:c 
:c = 210.73 Jn»r‘] 

31. Calculate the AH in joules for: 

C (graphite)- > C (diamond) 

from the following data: 

C(graphite) + O^ig) -> CO^fg); AH° = - 393.5 kJ 

C (diamond) + 02 (g)->C 02 (g); AW° = -395.4kJ 

[CET (J&K) 2006] 

(a) 1900 (b) -1^8.9 X 10^ 

(c) 190000 (d)+p8.9xl0^ 

[Ans. (a)] 

[Hint: C (graphite) + Ojlg)-»COjjg); A^f ^ - 393.5 kJ 

COj(g)-> C (diamond) + OjCg); AH"^ = + 395.4 kJ 

On adding, C (graphite)-> C (diamond); AH° = +1900 J 

= + L9 kJ] 

32. The endjjJpy changes for the following processes are listed 
below: 

CI 2 (g)-> 2Cl(g); AH = 242.3 kJ mol"' 

12 (g)-> 21(g); A//= 151.0 kJ mol"' 

ICl(g)-> I(g) + Cl(g); A/f = 211.3 kJ mol"' 

laC-s)-4/^ = 62.76111 mol"' 

Given that, the standard states for iodine and chlorine are 
I,(s) and Cl 2 (g \ the standard enthalpy of formation for ICl 
(g)is: (A1EEE2006) 

(a) -14.6kJmol”' (b)-l& 8 kJmol”' 

(c) +l& 8 kJm 0 r' (d) +244.8 kJ mol"' 

[Ans. (c)) 

[Hint: The reaction is: 

^l 2 (^)+lci 2 (g)->ICl(g) 

A/ = 2 -> 2 

+ ~^ci-a -[AW,_ci] 

= [- X 62.76+- X 151 + - X 242.3] -[211.3] 
2 2 2 J I J 

= 16.73 kJ mol"'] 

33. Given that: 

2C(s)+ 02 (g)—^2C02(g) (A// = -787kJ) ...(i) 


H2(g)+K02(g)-^H20(/) (^i=-286kJ) ...(ii) 

C2H2(g)+2)^02(g)->2C02(g)+H20(/) ...(iii) 

(A// = -1310kJ) 

The heat of formation of acetylene is: (VITEEE 2007) 

(a)-1802kJmor' (b) + 1802kJmor' 

(c) + 237kJmor' (d) - 800kJmor' 

[Ans. (c)] 

[Hint: Required equation is: 

2C(«)+H2(g)-^CftCg) 

It can be obtained by adding eqs. (i) and (ii) and then 
subtracting eq. (iii) from it. 

Heat of formation of acetylene 

= (-787)+(-286)-(-1310) 

= + 237kJmor'] 

7.20 DETERMINATION OF LATTICE 
ENERGY (Born-Haber Cycle) 

Lattice energy of an ionic compound is defined as the amount of 
energy released when one mole of the compound is forme! by the 
interaction of constituent gaseous cations and gaseous anions. 
yl'"(g) + 5"(g)- >A*B^+ Energy 

1 mole (Lattice energy) 

It is represented by the symbol, U. It is given negative sign as 
the energy is always released. Since, it is difficult to find the 
lattice energy by direct experiment, it is generally calculated by 
indirect method known as Born-Haber cycle which is based on 
Hess’s law. The cycle can be easily explained by taking the 
example of the formation of sodium chloride (NaCl). The form¬ 
ation of sodium chloride can be schematically represented as: 



Fig. 7.17 


The formation of sodium chloride can occur either by direct 
combination of sodium(s)and chlorine(g)or in various steps. 

Let the heat of formation of sodium chloride by direct 
combination be -Q. 

The various steps in the formation of NaCl are the following: 
In each step, either energy is absorbed or released. 
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Steps involved Energy change 

(a) Solid sodium changes into gaseous sodium. + AW^sub 
Energy is absorbed. It is sublimation energy. 

Na(s) + sublimation energy- > Na(g) 

(b) Gaseous sodium atoms change into gaseous +iP 

sodium ions. In this step, energy equivalent 

to ionisation potential is absorbed. 

Na(g) + IP -> Na'" (g) + e 

(c) Half mole of molecular chlorine dissociate + - D 

into one mole of gaseous atomic chlorine. In 2 

this step, energy equivalent to one half of the 
dissociation energy is absorbed. 

|ci2(g) + l/)=Cl(g) 

(d) Gaseous chlorine atoms change into chloride 
ions by acceptance of electrons. In this pro¬ 
cess, energy equivalent to electron affinity is 
released. 

a(g)-i-e- >C\~ig)+EA 

(e) Sodium and chlorine ions are held together ^ 

by electrostatic forces to form Na'^Cr. The 

energy equivalent to lattice energy is re¬ 
leased. 

Total energies involved in the above five steps 

Thus, according to Hess’s law 

-Q = MI^^+-^D + IP-EA^U 

Example 57. Calculate the lattice energy for the reaction, 
Li^{g) + Cr{g)^LiCKs) 
from the following data: 

= 160.67 U mol ^ DCC/j ) = 122.17 fc/ mo/ 

IP{Li) = 520.07 kJ mol;EA{Cl)=- 365.26 kJ mol 
and (LiCl ) = - 401.66 £/ mol . 

Solution: Applying the equation 

-Q = Mi + lD + IP-EA+U 

and substituting the respective values, 

-401.66 = 160.67-1- 122.17-t- 520.07- 365.26-1-// 
t/= -839.3 IkJmor’ 

Example 58. When a mole of crystalline sodium chloride 
is prepared, AlQkJofheatis produced. The heat of sublimation of 
sodium metal is 180.8AJ. The heat of dissociation of chlorine gas 
into atoms is 242.7 kJ. The ionisation energy ofNa and electron 
affinity of Cl are 493.7 kJ and -368.2 kJ respectively. Calculate 
the lattice energy of NaCl. 


Solution: Applying the equation 

-Q=isH^^+^D-¥lP-EA+U 

and substituting the respective values, 

- 410 = 108.8 -I--i X 242.7 -I- 493.7- 368.2 -I- {/ 

2 

// = -765.65 kJmor^ 

7.21 EXPERIMENTAL DETERMINATION OF 
THE HEAT OF REACTION 

The heat evolved or absorbed in a chemical reaction is measured 
by carrying out the reaction m an apparatus called calorimeter. 
The principle of measurement is that heat given out is equal to 
heat taken, i.e., 

Q = (W+m)xsxiT2 -T^), 

where, Q is the heat of the reaction (given out), W is the water 
equivalent of the calorimeter and m is the mass of liquid in the 
calorimeter and s its specific heat, T 2 is the final temperature and 
T^ the initial temperature of the system. Different types of 
calorimeters are used but two of the common types are: 

(i) Water calorimeter and 

(ii) Bomb calorimeter 

(i) Water calorimeter 

It is a simple form of a calorimeter which can be conveniently 
used in the laboratory. It is shown in Fig. 7.18. 

It consists of a large vessel A in which a calorimeter .6 is held 
on corks. In between the calorimeter and the vessel, there is a 
packing of an insulating material such as cotton wool. Inside the 
calorimeter there are holes through which a thermometer, a stirrer 
and the boiling tube containing reacting substances are fitted. A 
known amount of water is taken in the calorimeter. Known 



amounts of reacting substances are taken in the boiling tube. The 
heat evolved during the reaction will be absorbed by the water. 
The rise in temperature is recorded with the help of thermometer. 
The heat evolved is then calculated from the formula 
(W + m)xsx(T2 -Ti) 
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(ii) Bomb calorimeter 

This is commonly used to find the heat of combustion of 
organic substances. It consists of a sealed combustion chamber, 
called a bomb. A weighed quantity of the substance in a 
dish along with oxygen under about 20 atmospheric pressure 
is placed in the bomb which is lowered in water contained 
in an insulated copper vessel. The vessel is fitted with a 
stirrer and a sensitive thermometer. The arrangement is shown in 
Fig. 7.19. 



Fig. 7.19 


The temperature of the water is noted and the substance is 
ignited by an electric current. After combustion, the rise in 
'temperature of the system is noted. The heat of combustion can 
be calculated from the heat gained by water and calorimeter. 

Since, the reaction in a bomb calorimeter proceeds at constant 
volume, the heat of combustion measured is A£. 




X M kcal 


Where, M is the molecular mass of the substance and Wj is the 
mass of substance taken. 

A/f can be calculated from the relation. 


m = M: + AnRT 


Example 59. 0.5 g of benzoic acid was subjected to 
combustion in a bomb calorimeter at\5°C when the temperature 
of the calorimeter system {including water) was found to rise by 
0.55°C. Calculate the heat of combustion of benzoic acid {i)at 
constant volume and {ii) at constant pressure. The thermal 
capacity of the calorimeter including water was found to be 23.85 
kJ. 

Solution: (i) Heat of combustion at constant volume, hE 
= Heat capacity of calorimeter and its contents 

. . Mol. mass of compound 

X rise in ten^erature x-^- - - 

Mass of con^und 

= 23.85 x 0.55 X= 3200.67 kJ 
0.5 


i.e., AE = -3200.67 kJ moi ■ 

(ii) We know that, Aff = AE + tsnRT 
C,E,COOU{s) + 1 O 2 (g) -> 7 CO 2 (g) + 3E,0{1) 

An = 7-7.5 = -0.5;E = 8.314x10“^ kJK“' mor‘;r = 288K 

Substituting the values in the above equation, 

AH = ~ 3200.67 + 8.314 x 10“^ x (- 0.5) x 288 

= -3200.67- 1.197=-3201.867kJmor’ 


Example 60. A sample 0 /O.I 6 g CH^ was subjected to 
combustion at 27° C in a bomb calorimeter. The temperature of 
the calorimeter system {including water) was found to rise by 
0.5° C. Calculate the heat of combustion of methane at 
{i) constant volume and (ii) constant pressure. The thermal 
capacity of calorimeter system is 17.7 kJ K and 
R-%.3lAJK~^mol~^. {IIT1998) 

Solution: (i) Heat of combustion at constant volume, AE 
= Heat capacity of calorimeter system x rise in terrperature 

^ Mol. mass of compound 

Mass of conpound 

= 17.7x0.5x —= 885 
0.16 

i.e., AE = -885kJmor’ 

(ii) CH 4 (g) + 2 O 2 (g) CO 2 (g) + 2 H 20 (/) 

An = l-3 = -2,r = 300K,E = 8.314xl0‘^ kJK'^’ nwl"* 

AH = AE + AnRT 

= - 885 + (-2) X 8.314 x 10"^ x 300 
= - 885 - 4.988=-889.988 kJ moF* 

Example 61. The heat of combustion of ethane gas is -368 
kcal/mol. Assuming that 60% of heat is usejul, how many n? of 
ethane measured at NTP must be burned to supply heat to convert 
50 kg of water at 10° Cto steam at 100° C? 

Solution: Heat required per gramof water 
= (90+540)cal = 630cal 
Total heat needed for 50 kg of water 

= 50x10^ x630cal 


As the efficiency is 60%, the actual amount of heat required 
50 X 10^ x630 


60 


X 100= 52500 kcal 


No. of mole of ethane required to produce 52500 kcal 

52500 , 

=-- = 142.663 mole 

368 

Volume of 142.663 mole at NTP = 142.663 x 22.4 
= 3195.65 litre = 3.195 m^ 


iM LIMITATIONS OF FIRST LAW OF 
THERMODYNAMICS 

The essence of first law of thermodynamics is that all physical 
and chemical processes occur in such a way that the total energy 
of the system and surroundings is constant. The law correlates the 
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various forms of energy, i.e., their interconversion into one 
another in exactly equivalent amounts. The law has stood the test 
of time as no transformation has violated the principle of 
conservation of energy. However, the first law of 
thermodynamics has a number of limitations. 

1. The law does not give any information about the 
direction in which flow of energy takes place. For 
example, if two systems A and B which are capable of 
exchanging heat are brought in contact with each other, 
the first law of thermodynamics will only tell us that one 
system loses energy and other system gains the same 
amount of energy. But the law fails to tell whether the 
heat will flow from system A to B or fi-om system B to A. 
In order to predict the direction of the flow of heat, one 
more parameter, i. e ., temperature is required. The heat 
actually flows from a system which has higher 
temperature. The process continues till both the systems 
attain the same temperature. The law fails to answer why 
heat energy does not flow from cold system to hot system 
though the energy is conserved in this way also. 

2. The law does not explain why the chemical reactions do 
not proceed to completion. 

3. The law does not explain why natural spontaneous 
processes are irreversible. 

4. The law does not contradict the existence of self-acting 
refrigerator. 

5. The law does not contradict the existence of 100% 
efficient engine. 

6. The difference between spontaneous and 
non-spontaneous processes is insignificant in view of the 
first law. 

The answers to above limitations are provided by second law of 
thermodynamics. However, before we study this law, let us 
understand die terms spontaneous, entropy and free energy. 

1^.23! SPONTANEOUS AND 

NON-SPONTANEOUS PROCESSES 

One of the main objectives in studying thermodynamics, as far as 
chemists are concerned, is to be able to predict whether or not a 
reaction will occur when reactants are brought together under a 
special set of conditions (for example, at a certain temperature, 
pressure and concentration). A reaction that occurs under the 
given set of conditions is called a spontaneous reaction. If a 
reaction does not occur under specified conditions, it is said to be 
non-spontaneous. 

The term spontaneity means the feasibility of a process. In 
nature, we observe many processes which occur of their own. For 
example, water flows down the hill without the help of any 
external agency, heat flows from a conductor at high temperature 
to another at low temperature, electricity flows from high 
potential to low potential. There are processes which require 
some initiation before they can proceed. But once initiated, they 
proceed by themselves. The burning of carbon, burning of fuels 
and petrol, etc., require some initiation. These processes are 
termed as spontaneous on account of their feasibility, i.e., these 
can occur without the help of external work. 
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A process which has an urge or a natural tendency to occur 
either of its own or after proper initiation under the given set of 
conditions is known as spontaneous process. 

Spontaneous process does not mean that it takes place 
instantaneously. It simply implies that the process has an urge to 
take place and is practically feasible. The actual speed of the 
process may vary from very low to extremely fast. The rusting of 
iron is a slow spontaneous process while the neutralisation 
reaction between an acid and an alkali is a fast spontaneous 
process. It is a matter of experience also that all natural processes 
are spontaneous and are irreversible, i.e.,move in one direction 
only. The reverse proem which can be termed as non- 
spontaneous can be made to occur only by supplying external 
energy. For example, water can be made to flow upward by the 
use of some external agency or energy is always required to lift 
the ball from the ground. The natural (spontaneous) processes 
follow a non-equilibrium path and as such are irreversible but 
these processes proceed up to establishment of equilibrium. At 
equilibrium state, the process stops to occur any further. Heat 
flows from a hotter body to a colder body till the temperature of 
both bodies becomes equal; there is no further flow of heat and 
we say that the system has attained equilibrium. Some of the 
familiar examples of spontaneous processes are listed below: 

(a) Spontaneous processes where no initiation is required 

(i) Dissolution of sugar or salt in water 

Sugar + water- > Aqueous solution of sugar 

Salt + water- > Aqueous solution of salt 

(ii) Evaporation of water from water reservoirs such as 
ponds, lakes, rivers, sea, open vessels, etc. 

H20(0->H20(g) 

(iii) Flow of heat from a hot body to a cold body. 

(iv) Mixing of different gases. 

(v) Flow of water down a hill. 

(vi) Reaction between H 2 (g ) and I 2 (g) to form HI(g). 

H2(g)+ 12 (g) ^2HI(g) 

(vii) Reaction between nitric oxide gas and oxygen to form 
nitrogen dioxide. 

2NO(g) + 02 (g)->2N02(g) 

(viii) Melting of ice into water. 

H20(s)->H20(/) 

(ix) A piece of sodium metal reacts violently with water to 
form sodium hydroxide and hydrogen gas. 

2Na(s)+ 2H20(/)-> 2NaOH(a9.) + H 2 (g) 

(x) When a zinc rod is dipped in an aqueous solution of 
copper sulphate, copper is precipitated. 

CUSO 4 {aq.) + Zn(s)-»ZnS 04 (aq.) + Cu(s) 

(b) Spontaneous processes where initiation is required 

(i) Reaction between H 2 and O 2 : This reaction is initiated 
by passing electric spark through the mixture. 

Electric 

2H2(g) + 02 (g)-^2H20(/) 



454 


G.R.B. Physical Chemistry For Competitions 


(ii) Coal bums in oxygen or air when ignited. Coal keeps on 
burning once initiated. 

Ignition 

C(5)+02(g)—^C 02 (g) 

(iii) Methane bums with oxygen when ignited. 

CH 4 (g ) + 202 ,(g)-^ CO 2 (g) + 2 H 20 (/) 

(»Y) A candle made up of wax bums only when ignited. 

(v) Calcium carbonate evolves carbon dioxide upon heating. 

Heat 

CaCOjCs)^-> Ca0(5)+C02(g) 

A process which can neither occur by itself nor by initiation is 
called a non-spontaneous process. 

Or 

A process which has no natural tendency or urge to occur is 
said to be a non-spontaneous process. 

Few examples of non-spontaneous processes are: 

(i) Flow of heat from a cold body to a hot body. 

(ii) Dissolution of gold or silver in water, 

(iii) FI ow of water from ground to overhead tank. 

(iv) Hydrolysis of sodium chloride. 

(v) Decomposition of water into hydrogen and oxygen. 

(vi) Diffusion of gas from a low pressure to a high pressure. 

It is not always frue that non-spontaneous processes do not 

occur at all. Many of the non-spontaneous processes or changes 
can be made to take place when energy from some external 
source is supplied continuously throughout the change. 
(However, the processes that occur spontaneously in one 
direction cannot, imder the same conditions, also take place 
spontaneously in the opposite direction). For example, the 
decomposition of water into hydrogen and oxygen (non- 
spontaneous process) can occur when electrical energy is 
supplied to water. The process stops when the passage of 
electrical energy is stopped. 

Driving force for a spontaneous process: After having 
leamt about spontaneous processes, a very obvious question 
arises in our minds that why some processes are spontaneous? 
Obviously there must be some kind of driving force which is 
responsible for driving the process or a reaction in a particular 
direction. 

The force which is responsible for the spontaneity of a process 
is called the driving force. 

Let us now discuss the nature of the driving force. 

1. Tendency to acquire minimum energy: We know that, 
lesser is the energy, greater is the stability. Thus, every system 
tends to acquire minimum energy. For example: 

(i) Heat flows from high temperature to low temperature so 
that heat content of hot body becomes minimum. 

(ii) Water flows down a hill or a slope to have minimum 
energy (potential). 

(iii) A wound watch spring tends to unwind so that 
mechanical energy of watch becomes minimum. 

All the above processes are spontaneous because of a 
tendency to acquire minimum energy. 

It has been observed that most of the spontaneous chemical 
reactions are exothermic. For example: 


H2(g) + ^02(g)- 

-^H 20 (/); 

AH=-286.2 kJiror' 

C(5)+02(g)- 

-^C 02 (g); 

AH - - 395 kJ mol”' 

N2(g) + 3H2(g)- 

-^ 2 NH 3 (g); 

AH= -92.4kJnBr' 


In exothermic reactions, heat is evolved from the system, i.e., 
energy is lowered. Thus, exothermic reactions occur 
spontaneously on account of decrease in enthalpy of system 
(AH = -ve). 

Hence, it can be concluded that the negative value of hH 
may be the criterion of spontaneity. 

Limitations of the criterion for minimum energy 

(a) Spontaneous endothermic reactions or processes; A 

number of endothermic reactions and processes are known which 
are spontaneous, i. e., when isH is +ve. Some examples are given 
below: 

(i) Evaporation of water or melting of ice takes place by 
absorption of heat from surroundings, i.e., these processes are 
endothermic (A// = + ve). 

H^CKs)-^HjCXO; AH = + 6.0kJn»r‘ 

HjfXO—^H 20 (g); AH = + 44kJmor' 

(ii) The decomposition of CaC 03 is non-spontaneous at room 
temperature but becomes spontaneous when the temperature is 
raised. 

CaCOj (s) -^ CaO(5) + CO 2 (g); A/f = +178.3kJ mol"' 

(iii) Compounds like NH 4 CI, KCl, etc., dissolve in water by 
absorption of heat from water. Temperature of the water 
decreases. 

NH4C1(5) + aq. -> NH^ {aq. ) + CF {aq .); 

AH = +15.1kJmor‘ 

(iv) Dinitrogen pentoxide (N 2 O 5 ) decomposes spontan% 
ously at room temperature into NO 2 and O 2 , although the 
reaction is highly endothermic. 

2 N 2 O 5 (g)-> 4 NO 2 (g) +-O 2 (g); 

A/f = 219kJmor* 

(v) The decomposition of HgO becomes spontaneous on 
heating. 

2HgO(^)->Hg(/)+ 02 (g); 

A/f = 90.3kJmor‘ 

(b) Occurrence of reversible reactions: A large number of 
reactions are reversible in nature. In these reactions, both forward 
and backward reactions occur simultaneously in spite of the feet 
that one reaction is exothermic (A// = - ve) and other 
endothermic (Ai/ = + ve). 

(i) H 2 (g)+l 2 (g)-^2HI(g); AH- = -ve 

2HI(g)->H 2 (g)+ 12 (g); A/f = + ve 

H 2 (g)+l 2 (g)^ 2 HI(g) 
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(ii) N 2 (g) + 3 H 2 (f)^ 2 NH 3 te); AH = -ve 

2 NH 3 (g)->N 2 (g) + 3 H 2 (g); A// = + ve 

N2(g) + 3H2{g)^2NH3(g) 

(c) Reactions having zero MI: A number of reactions are 
known in which neither energy is evolved nor absorbed, but these 
are spontaneous. For example, esterification of acetic acid is a 
spontaneous process. AH of this reaction is zero. 

CH 3 COOH+ C 2 H 5 OH—^ CH 3 COOC 2 H 5 + HjO 

(d) Exothermic reactions fail to achieve completion: 
Evety exothermic reaction rarely proceeds to completion even 
though AH remains negative throughout. In fact, all spontaneous 
reactions proceed in a direction imtil an equilibrium is attained. 

Since, some spontaneous reactions are exothermic and others 
are endothermic, it is clear that enthalpy alone cannot account for 
spontaneity. There must be some other factor responsible for 
spontaneity or feasibility of a process, 

2, Tendency to acquire maximum randomness: There is 
another natural tendency that must be taken into account to 
predict the direction of spontaneity. 

Nature tends to move spontaneously from a state of lower 
probability to one of higher probability, Le., things tend to 
change from organized to disorganized. To illustrate what this 
statement means, we consider a spontaneous process of 
intermixing of two inert gases for which AH is zero. Two 
different inert gases, let us say helium (He) and neon (Ne), are 
originally contained in different glass bulbs, separated by a 
stopcock as shown in Fig. 7.20(a). To make the system as closed 
one, the entire system is perfectly insulated. 

When the valve is opened, the intermixing of the two inert 
gases occurs due to diffusion into one another. As the gases are 
inert, there is no chemical interaction between them, the heat 
change during intermixing is negligible. The process of 
intermixing is a spontaneous process. If the process is examined 
critically, it is observed that when the valve is opened, both the 
gases are provided larger volume to occupy, i.e., each gas 
achieves its own most probable distribution, independent of the 
presence of other gas. T^e final distribution is clearly much more 
probable than the initial distribution. There is, however, another 


•He °Ne 

Fig. 7.20 (a) Fig. 7.20 (b) 

Inert gases before mixing Inert gases after mixing 

useful way of looking at this process. The system has gone fi-om a 
highly ordered state (all the helium molecules on the left, all the 
neon molecules on the right) to a more disordered or random 
state. Mixed gases cannot be separated on their own. Thus, 
diffusion is a spontaneous process acquiring more randomness. 

In general, nature tends to move spontaneously from more 
ordered to more random states, or a process proceeds 


spontaneously in a direction in which randomness of the system 
increases. 

Another example of achieving more randomness is the sugar 
dissolving in water. Before the solid sugar dissolves, the sugar 
molecules are organized in a crystal. As the molecules dissolve, 
they become distributed randomly and uniformly throughout the 
liquid. The opposite process never occurs, i. e. , sugar cubes do not 
form from the solution. 

Thus, the second factor which is responsible for the 
spontaneity of a process is the tendency to acquire maximum 
randomness. 

On the basis of second factor we may also explain the 
spontaneity of endothermic processes. 

(i) Decomposition of calcium carbonate: 

CaC 03 is) —^ CaO(j) + CO 2 Cg); AH = + \ 78.3 kJ nx>I'‘ 

This process is spontaneous because the gaseous CO 2 produced 
is more random than solid calcium carbonate. 

(ii) Evaporation of water: 

H20(/)->H20(g); A/7 = + 44kJmor' 

The gaseous state of a substance is more random than the liquid 
state. Thus, evaporation of water is spontaneous which proc^ds 
in the direction of more randomness. 

Similarly, fiision of ice is also spontaneous because the 
process again proceeds in the direction of more random state, i. e., 
liquid state is more random in comparison to solid state. 

H20 (s)->H20 (/); Alf = + 6.06kJmor* 

(iii) Dissolution ofNH^Cl in water: 

NH4Cl(s) + a^.->NH;(a^.) + Cr(a9.); 

A7/= + 15.1kJmor' 

When solid NH 4 Cl(s)is dissolved in water, its ions become fiee. 
Free ions move randomly in all directions. Thus, the solution is a 
more random state as conqjared to solid NH 4 CI. Thus, the 
process of dissolution will be spontaneous because randomness 
increases on dissolution, 

(iv) Decomposition of mercqric oxide: 

2HgO(s)-> 2Hg(/) + Oi’(g); A/f = + 9a3 kJ mol"' 

Here again the process will be spontaneous because the product 
is more random than reactant due to presence of gaseous O 2 . 

Limitations of the criterion for maximum 
randomness: Like energy factor, the randomness factor has 
also certain limitations. For example, in the liquefaction of a gas 
or in the solidification of a liquid, the randomness of the particles 
decreases but still these processes are spontaneous. Thus, like 
energy factor, randomness alone cannot be the sole criterion for 
the spontaneity of a process. 

Overall tendency as driving force for a spontaneous 
process 

From the above discussion, it is apparent that the spontaneous 
processes occur because of the two tendencies: 

(i) Tendency of a system to achieve a state of minimum 
energy. 
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(ii) Tendency of a system to achieve a state of maximum 
randomness. 

The overall tendency of a process to be spontaneous depends 
on the resultant of the above two factors. The resultant of the two 
tendencies or overall tendency for a process to occur is termed 
the driving force. 

^Here, it should be noted that these tendencies are 
independent of each other. Both may act in the same or in 
opposite directions in a process. 

Case I: When enthalpy factor is absent then randomness 
factor decides spontaneity of a process. 

Case II: When randomness factor is absent then enthalpy or 
energy factor decides spontaneity of a process. 

Case III: When both factors take place simultaneously then 
magnitude of the tendencies becomes important to decide 
spontaneity. 



ENTROPY 


Why do systems tend to move spontaneously to a state of 
maximum randomness or disorder? The answer is that a 
disordered state is more probable than an ordered state because 
the disordered state can be achieved in more ways. The following 
example illustrates the point. Suppose that you shake a box 
containing 10 identical coins and then count the number of heads 
(H) and tails (T). It is very unlikely that all the 10 coins will come 
up heads; i.e., perfectly ordered; arrangement is much less 
probable than the totally disordered state in which heads and tails 
come up randomly. The perfectly ordered state of 10 heads can be 
achieved in only one way and the totally disordered state can be 
achieved in 2'° (1024) ways, i. e., the totally disordered state is 
2'“ times more probable than the perfectly ordered state. If the 
box contained 1 mol of coins, the perfectly ordered state would 
be only one, but the disordered states would be much higher 

(2^'’ ). It is thus, concluded that a change which 

brings about randomness is more likely to occur than one that 
brings about order. The extent of disorder or randomness is 
expressed by a property known as entropy. 

Entropy is a thermodynamic state quantity which is a 
measure of randomness or disorder of the molecules of the 
system. 

Entropy is represented by the symbol 'S\ It is difficult to 
define the actual entropy of a system. It is more convenient to 
define the change of entropy during a change of state. The change 
in entropy from initial to final state of a system is represented by 
A5. The entropy is a state fiinction and depends only on the initial 
and final states of the system. 


final "'^initial 

When S , M is positive. 

For a chemical reaction, 

AC = C ^ C 

lAu L? (product) ^ (reactants) 


Mathematical Definition of Entropy 

The entropy change of a system may be defined as the integral 
of all the terms involving heat exchanged (q) divided by the 
absolute temperature (T) during each infinitesimally small 
change of the process carried out reversibly at constant 
teniperature (isothermally). 

ldS=ij8q^^ 

or ...(i) 

T 

If heat is absorbed, then A5 is positive (increase in entropy). If 
heat is evolved, A5 is negative (decrease in entropy). The value 
of AS, like A£ and Aff, is a definite quantity and depends on the 
initial and final states of the system. It is independent of the 
manner in which the change has been brought about, i. e. .whether 
the change has been brought about reversibly or irreversibly. 

Several factors influence the amount of entropy that a system 
has in a particular state. In general, 

(i) The value of entropy depends on the mass of the sj^tem. 
Hence, it is an extensive property. 

(ii) A liquid has a higher entropy than the solid from which it 
is formed. In a solid, the atoms, molecules or ions are 
fixed in position; in the liquid, these particles are free to 
move past one another, i. e. , liquid stracture is more 
random and the solid more ordered. 

(iii) A gas has a higher entropy than the liquid from which it is 
formed. When vaporization occurs, the particles acquire 
greater freedom to move about. 

(iv) Increasing temperature of a substance increase its 
entropy. Raising the temperature increases the kinetic 
energy of the molecules (atoms or ions) and hence their 
freedom of motion. In the solid, the molecules vibrate 
with a greater amplitude at higher temperatures. In a 
liquid or a gas, they move about more rapidly. 

In other words, the more heat the system absorbs, the 
more disordered it becomes. Furthermore, if heat is 
absorbed at low temperature, it becomes more disordered 
than when the same amount of heat is added at higher 
temperature. 

Units of Entropy and Entropy Change 

Since, entropy change is expressed by a heat term divided by 
temperature, it is expressed in terns of calories per degree, i.e ., 
cal K”'. In SI units, the entropy change is expressed in terms of 
joules per degree, i.e. , J . Entropy is an extensive property, 
i.e., it depends on the mass of the substance; hence units of 
entropy are expressed as cal deg“' mor* (cal K”’ moP') or 
jouledeg“' mol”' (JK”' mol”'). 

Spontaneity in Terms of Entropy Change 

In an isolated system, such as mixing of g^es, there is no 
exchange of energy or matter between the system and 
surroundings. However, the mixing of gases is accompanied by 
randomness, i.e., there is increase in entropy. Therefore, it can be 
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stated that for a spontaneous process in an isolated system, the 
change in entropy is positive, Le., AS > 0. 

However, if a system is not isolated, the entropy changes of 
both the system and surroundings are to be taken into account 
because system and surroundings together constitute the isolated 
system. Thus, the total entropy change (AS,o,a|) is sum of the 
change in entropy of the system and the change in 

entropy of the surroundings ( ASg,„o^jj„gs), i. e ., 

total ~ ^“^systeni ^ ^‘^surroundings ••• 

For a spontaneous process, A5,o(a| must be positive, i.e., 

^total ~ ^‘^system ^‘^surroundings ^ ® •“ (***) 

ASjotai is termed as 

During a spontaneous process, the entropy of the system goes 
on increasing till the system attains the equilibrium state, i. e ., 
entropy of the system becomes maximiun and, therefore, no more 
increase in the entropy of the system is possible. The 
mathematical condition for equilibrium is, 

A5 = 0(at equilibrium for an isolated system) ... (iv) 

If AS^^i is negative, the direct process is non-spontaneous 
whereas the reverse process is spontaneous. 

This can be illustrated by considering the entropy changes in 
the conversion of water to ice at three different temperatures. The 
relevent entropy changes for the system and surroundings and 
total change are given in the following table: 


Temperature 

“C K 

^system 

J K'‘ mor' 

^^surrounding 

J K"^ mor* 

A^totai 

J K"' mor' 

- 1 

272 

-21.85 

+ 21.93 

+ 0,08 

0 

273 

-21.99 

+ 21.99 

0.00 

+ 1 

274 

-22.13 

+ 22.05 

-0.08 


At 272 Kl ASjgigj + ^‘^surroundings 

=-21.85+ 21.93 = +0.08 J K"‘ mor‘ 


^process >0 at 272 K 

Thus, freezing of ice at 272 K, H20{1) H20{s) will he 

spontaneous. 

At 273 K: ~ ^‘^system ^‘^surroundings 


= -21.99+21.99=0 

total ” ^ 

Thus, at this temperature, water and ice will he at equilihrium. 

H^CXO ^HjOCs); AS = Oat 273 K (at equilibrium) 
At 274 K: ~ -^^system ^^surroundings 

= -22.13+ 22.05 = -0.08 JK"' moP' 


AS<0 

Thus,/reezing of water will be non-spontaneous at 274 K. 

HjOl/)-> HjOCs) AS < 0(non-spontaheous) 


Entropy Change in Reversible Process 

Consider an isothermal reversible process. In this process, let 
the system absorb q amount of heat from surroundings at 
temperature T. The increase in the entropy of the system will be 


AS, 


system 


On the other hand, surroundings lose the same amount of heat at 
the same temperature. The decrease in the entropy of the 
surroundings will 


AS, 


surroundings 


Total change in entropy = entropy change in system + entropy 
of the process change in surroundings 


AS 


total 


^‘^system ‘^‘^surroundings 


T 


= 0 


When the reversible process is adiabatic, there will be no heat 
exchange between system and surroundings, i.e.,q = 0 

* * system ~ ^^surroundings “ ^ 

total ~ ^system ^^surroundings ~ ^ 

Entropy Change in Irreversible Processes 

Consider a system at higher temperature T, and its 
surroundings at lower temperature T 2 . ‘q' amount of heat goes 
irreversibly from system to surroundings. 

9 


A5, 


system 


AS. 


surroundings 

process 


^‘^system ^‘^surroundings 


— + — 


T 1 T 2 


But T] > 7’2, r, - Tj = + ve 


or 


process > ® 



(V 2 ) 

-2- + 2.30MR log 

2 

It’J 

Y 


Hence, entropy increases in an irreversible process. 

Entropy Change for Ideal Gases 

Change in entropy for an ideal gas under different conditions 
may be calculated as: 

(i) When changes from initial state {l)to final state (2): 


AS = 2.303nCp. log 


AS = 2.303«C/. log 

Kh ) 

(when T and P are variables) 
(ii). Entropy change for isothermal process: 

AS = 2.303nJ? log I 


(when T and V are variables) 




^ Pi 1 

hf 

+ 2.303ni? log 

1 

UiJ 





K^U 
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AS = 2.303«i? log 




(iii) Entropy change for isobaric process (at constant 
pressure): 


AS = 2.303nCp log 


AS = 2.303nCp log 






V'l y 


(iv) Entropy change for isochoric process (at constant 
volume): 


AS = 2.3Q3nCy log 
A5 = 2.303b Q log 


'i J 

yPij 


(v) Entropy change in mixing of ideal gases: LetB, mole of 
gas A and Bj mole of gas B are mixed; then total entropy change 
can be calculated as: 

AS = — 2.303/J[b, log Xi + B 2 log X 2 ] 


but its value depends on mass of the substance present in 
the system. 

(ii) Entropy of a system is a state function. It depends on the 
state variables such as T, P, V and n which govern the 
state of the system. 

(iii) The change in entropy taking place in going from one 
state to another state does not depend on the path 
adopted. It actually depends on the final and initial states 
of the system. 

Change in entropy, AS = 

(iv) The entropy change for a cyclic process is zero. 

(v) The entropy change in the equilibrium state is zero 
(AS=0). 

(vi) For natural processes, entropy of univeree is ir.cre ^sing. 

universe ^ ^ 

(vii) In a reversible process, AS,otai or = 0 and 

therefore 

system “ ~ ^*^smTOundings 

(viii) For adiabatic reversible process, 

^‘^system ~ ^‘^surroundings total ~ ® 

In a spontaneous (irreversible process). 


X|, X 2 are mole fractions of gases A and B, 

Bj Bj 

i.e., xi=-^—;x 2 =- 

B| + B 2 «1 + «2 


total ®r universe ^ 

i. e.,in spontaneous processes, there is always increase in 
entropy of the universe. 


A5/mol = -2.303i? 


B| + B 2 


log Xi + ■ 


n, + B-, 


log X 2 


A5/mol = - 2.303.R[xi log x, + X 2 log X 2 ] 

Entropy change in adiabatic expansion will be zero, A^ = 0. 

Physical Significance of Entropy at a Glance 

1. Entropy as unavailable energy: Entropy is unavailable 

energy of the system. 

„ Unavailable energy 

Entropy =- 

Temperature in K 


2. Entropy and randomness: Entropy is a measure of 
disordemess or randomness in the system. Increase in entropy 
means change from an ordered to less ordered (or disordered) 
state. 

3. Entropy and probability: Entropy may be defined as a 
flinction of probability of the thermodynamic state. Since, we 
know that both the entropy and thermodynamic probability 
increase simultaneously in a process, hence the state of 
equilibrium is the state of maximum probability. 


7.25 ENTROPY CHANGE DURING PHASE 
TRANSITIONS 


Solid, liquid and gas are the three forms of a matter. The change 
of a substance from one form to another is known as phase 
transformation. Such changes occur at definite temperatures 
and are accompanied by entropy change. During these 
transformations either heat is absorbed or evolved, i,e., the 
entropy either increases or decreases accordingly. 

The entropy change for these transformations is given by 

AC _ ^rev 
Irans y, 


where, is the heat absorbed or evolved and T is the 
temperature of transition. is actually the molar enthalpy 
change of the substance. 

(i) Entropy of fusion: The entropy of fusion is defined as 
the change in entropy when one mole of a solid substance 
changes into liquid form at the melting temperature. 

The heat absorbed is equal to the latent heat of fusion 


AS 


AH, 


fusion 


^liquid 


^ solid 


fusion 




Characteristics of Entropy 

The important characteristics of entropy are summarised 
below: 

(i) Entropy is an extensive property. It is difficult to 
determine the absolute value of entropy of a substance 


For example, when ice melts, the change in entropy is given by 


fusion (ice) water “^ice 


AH, 


fusion 


6000 Jmor 
273 


21.98JK”"' ii»r' 
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(ii) Entropy of vaporisation: It is defined as the change in 
entropy when one mole of the liquid substance changes into 
vapours (gas) at its boiling point. 


AC — C 

vapour "" vapour 


■^liquid -■ 


A//, 


vapour 


bp 


Where, is the latent heat of vaporisation and Tbp is the 

boiling point. 

For example, when water is converted into steam, the change 
in entropy is given by 


vapour (water) ‘^steam water 


A//, 


vapour 


bp 


40626 J mol ' 
373 


= 108.9 JK’' mol”' 


(iii) Entropy of sublimation: Sublimation involves the 
direct conversion of a solid into its vapour. The entropy of 
sublimation is defined as the change in entropy when one mole of 
a solid changes into vapour at a particular temperature. 

AZJ 

AC — c — C — 

^^sub ^vapour ^solid j, 

Where, A/Zj^b = heat of sublimation at temperature T. 

!I221 %Some Solved ExAMPii^ 12221:: 

. Example 62. The enthalpy change, for the transition of 
liquid water to steam, is 40.8 kJ mor' at 373 K. 

Calculate entropy change for the process. 

Solution: The transition under consideration is; 


We know that. 

H 20 (/)^H 20 (g) 

KIT 

AC ^ ^vapour 

vapour j, 

Given, 

AHvapou. =40.8 kl mol-' 


= 40.8x10001 mol 


Thus, AS 


r = 373K 
40.8x1000 


vapour 


373 


= 109.38 JK“‘ mor' 


Example 63. What is entropy change for the conversion of 
one gram of ice to water at 213 K and one atmospheric pressure? 


=6.025A;/n«o/-') 


^fusion 

Solution: 


AH, 


-1 


fusion 


AS 


fusion 


: 6.025x10001 mol 

Jg“' = 334.72 Jg-' 

18 

^^fiision 


= 1.226JK-' g-' 
273 


Example 64. Calculate the enthalpy of vaporisation per 
mole for ethanol. Given, AS = 109.87 mol “* and boiling 
point of ethanol is 78.5°C. 


Solution: W’e know that. 


AS 


AH. 


vapour 


vapour 


bp 


Given, 


A5vapour= 109.8 JK-' mol-' 

Tbp =78.5+ 273 = 351.5 K 


Substituting these values in above equation, we get 
AH„ 

109.8 = 


vapour 


AH, 


vapour 


351.5 
= 38594.71 mor' 

= 38.594 kl mor' 


Example 65. Calculate the entropy change for the 
following reversible process: 


a - Tin ; 

I mol at I atm 


p-r/n 

1 mol at 1 atm 


at 13°C 


(AH,„„,= 20907 mo/-') 


Solution: 


AS„ 


AH,^ 


2090 


T 286 
= 7.3076IK-' mol-' 


tc'Example 66 . At 0°C, ice and water are in equilibrium and 
enthalpy change for the process H 20 (s)^=^H 20 (l) is 
6kJ mol -'. Calculate the entropy change for the conversion of 
ice into liquid water. 

Solution: We know that for the process of fusion, 
H20(5)^H20(/) 

AH. 


AS 


fusion 


'fusion 


V 

6x1000 


.273 


= 21.98 iK-' mor 


Example 67. The enthalpy of vaporisation of liquid 
diethyl ether (C 2//5 )20is 26kJ moF^ at its boiling point 35°C. 
Calculate AS° for conversion of: 

(a) liquid to vapour, 

(b) vapour to liquid at 35°C. 


Solution, (a) AiS’^gp^j-jj^bon 


^^vaporisation 26000 


^bp 

= 84.42 IK- 


308 


mol 


(b) 


AS. 


condensation 


= - AH, 


vaponsation 

84.421K“' mor 


Example 68 . Calculate entropy change when \0 moles of 
an ideal gas expands reversibly and isothermally from an initial 
volume oflOlitre to lOOlitre at 300K. 


Solution: AS = 2.303nR log 




= 2.303x10x8.314 log 


= 191.24 IK- 


© 
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Example 69. Oxygen gas weighing 64f « expandedfrom 1 
atm to 0.25 a/n? at 30°C. Calculate entropy change, assuming the 
gas to be ideal. 

w 64 


Solution: 


n = ■ 


m.wt. 32 
AS = 2.303nR log 


"5" 

yPij 


^2.303x2x8.314 log 


= 23.053 JK^ 


0.25 


Example 70. Calculate the change in entropy when 1 mole 
nitrogen gas expands isothermally and reversibly from an initial 
volume ofl litre to a final volume of litre at 27° C. 


Solution: AS = 2.303 nR log 


n 


10 

1 / 


= 2.303x1x8.134 log 
= 19.12 JK“' 

tttimro Of jOfiiicrn^ jOjiiEinoNs _ 

34. For a liquid, enthalpy of fiision is 1.435 kcal mol"' and molar 
entropy change is 5.26 cal mol"' K“'. The melting point of 
the liquid is: 

(a) 0°C (b) - 273°C 

(c) 173 K (d) 100°C 

[Ans. (a)] 


[Hint: = 


5.26 = 


T 

1,435x1000 

T 

mp 


1435 

4p= —= 273K, i.e,0°C] 

^ 5.26 

35. Latent heat of vaporisation of water is 540 cal g"' at 100°C. 
Calculate the entropy change when 1000 g water is converted 
to steam at 100°C. 

(a) 1447 cal (b) 2447 cal (c) 3447 cal (d) 4447 cal 
[Ans. (a)] 

Mi 
'vap 


[Hint: AS,, 


= 1447 cal] 


T 373 

36. Enthalpy of fusion of water is 6.01 kJ mol"'. The entropy 
change of 1 mole of ice at its melting point will be: 

(a) 22 kJ mol"' (b)109kJmor' 

(c) 44 kJ mol”' (d) 11 kJ mol”' 

[Ans. (a)] 

A^_Mill500^22kJmor'l 


[Hint: AS-ft, 


273 


37. For spontaneous process: 

(a) AiSjoiai = 0 (b) AiS,g^i > 0 

(c) AS,o,a| < 0 (d) none of these 

[Ans. (b)] 


38. 


[Hint: A^„„| = 

^^sykem ^^sajrrounding 

= + ve for spontaneous process] 

Melting point of a solid is x K and its latent heat of fusion is 
600 cal mol"'. The entropy change for fusion of 1 mol solid 
is 2 cal mol”' K”'. The value of x will be: 


(a) 100 K 
[Ans. (c)] 


(b) 200 K (c) 300 K (d) 400 K 


[Hint: 


A/f, 


fusion 


: AS, 


fusion 


39. 


mp 

600 

T 

T = 300 K] 

The entropy change involved in the conversion of 1 n»le of 
liquid water at 373 K to vapour at the same temperature will 

be: 

- A/T,,,p = 2.257 kJ/g 

(a) 0.119 kJ (b) 0.109 kJ 

(d) 0.120 kJ 

[PMT(MP)2007] 


(c) 0.129 kJ 

[Ans. (b)] 
[Hint: 




2.257x18 

373 


0.109 kJ/g] 


7.26 SECOND LAW OF THERMODYNAMICS 

The second law of thermodynamics tells us whether a given 
process can occur spontaneously and to what extent. It also helps 
us to calculate the maximum fraction of heat that can be 
converted into work in a given process. 

The second law of thermodynamics like first law is a postulate 
and has not been derived from any prior concepts. It is stated in 
various forms. However, all the statements of second law have 
the same meaning. 

1. Clausius statement: “It is impossible to construct a 
machine that is able to convey heat by a cyclic process from a 
colder to a hotter body unless work is done on the machine by 
some outside agency." 

It means that work can always be completely converted into 
heat but heat cannot be converted completely into work without 
leaving some permanent change in the system or surroundings. 
For example, heat produced in heat engine is never fully utilized, 
as part of it is always lost to surroundings or in overcoming 
friction, etc. Thus, it can be said that the complete conversion of 
heat into work is impossible without leaving some effect 
elsewhere. 

Or 

It is not possible to convert heat into work without 
compensation. 

Or 

All forms of energy can be converted into heat energy but heat 
cannot be converted into other forms of energy fully by any 
process. 

The other similar statements are: 

2. Thomson statement: The heat of the coldest body 
among those participating in a cyclic process cannot serve as a 
source of work. 



Chemical Thermodynamics And Thermochemistry 


461 


3. Kelyin-Planck statement: It is impossible by means of 
inanimate material agency to derive mechanical work or effort 
from any portion of matter by cooling it below the temperature of 
the coldest of the surrounding objects. 

4. It is impossible to construct a heat engine of 100% thermal 
efficiency. 

5. Ludwg Boltzmann statement: In 1886, Ludwig 
Boltzmann gave a most useful statement of the second law of 
thermodynamics. Nature tends to pass from a less probable to 
more probable state. 

The connection between entropy and the spontaneity of a 
reaction or a process is exjiressed by the second law of 
thermodynamics in a number of ways. 

6. All spontaneous processes or naturally occurring 
processes are thermodynamically irreversible. Without the help 
ofan external agency, a spontaneous process cannot be reversed. 

For example, the mixing of non-reacting gases is a 
spontaneous process. But these cannot be separated from the 
mixture without the application of special methods. 

Heat energy can flow from a hot body to a cold body of its 
own (spontaneously) but not from a cold body to a hot body 
unless the former is heated. 

7. The entropy of the universe increases in a spontaneous 
' process and remains unchanged in an equilibrium process. 

Since, the universe is made up of the system and the 
surroundings, the entropy change in the universe for 

any process is the sum of the entropy changes in the systeni 
(A^system) and in the surroundings ). 

Mathematically, the second law of thermodynamics can be 
expressed as: 

A spontaneous process: 

universe "" ASjyjfgn, + > 0 

An equilibrium process: 

A5 universe ” — 0 

For a spontaneous process, the law says that A5 universe ™ust be 
greater than zero, but it does not place a restriction on either 
^■^system OT Thus, it is pcKsible for either or 

ASsuCToundings be negative, as long as the sum of these two 
quantities is greater than^ zero. For an equilibrium process, 
^‘S'umverse « zoro, i.e. , and AS^uiroundin^ txiust be equal in 

magnitude but opposite in sign. 

Thus, the entropy of the universe is continuously increasing. 
The main ideas of the first and second law of thermodynamics 
may be summarised as: 

First law states that the energy of the universe is constant 
whereas the second law states that the entropy of the universe is 
continuously increasing and tends to a maximum. 

First law deals with the conservation of energy whereas the 
second law tells the direction of flow of energy. 

For a reversible process, 
dq 

dS — - or dq = T dS 

T 

For an irreversible process. 


T 


This is the mathematical statement of second law of 
thermodynamics. 

dq = dE + P dV This is the mathematical statement of 
first law of thermodynamics 

Combining both the laws of a reversible process, 

TdS = dE + PdV 

7.27 GIBBS FREE ENERGY, (G), CHANGE IN 
FREE ENERGY AND SPONTANEITY 

As discussed earlier, there are two thermodynamic quantities that 
affect reaction spontaneity. One of these is enthalpy, H; the other 
is the entropy, S. The problem is to put these two quantities 
together in such a way as to arrive at a single function whose sign 
will determine whether a reaction is spontaneous. This problem 
was first solved more than a century ago by J. Willard Gibbs, 
who introduced a new quantity, now called the Gibbs free 
energy and given the symbol, G. Gibbs showed that for a reaction 
taking place at constant pressure and constant temperature, AG 
represents that portion of the total energy change that is available 
(/. e., free) to do useful work. If, for example, AG for a reaction is 
- 300 kJ, it is possible to obtain 300 kJ of useful work from the 
reaction. Conversely, if AG is + 300 kJ, at least that much energy 
in the form of work must be supplied to make the reaction to take 
place. Gibbs free energy of a system is defined as; 

"The thermodynamic quantity of the system, the decrease in 
whose value during a process is equal to useful work done by the 
system. ” 

Mathematically, it may be defined as: 

G = H-TS ... (i) 

where, H = enthalpy; S = entropy and T = absolute temperature. 
We know that, H-E + PV ... (ii) 

From eqs. (i) and (ii), 

G = E + PV-TS 

Free energy change at constant temperature and pressure can be 
given as: 

' AG = AE + PAV-TAS 
AG = AH-T AS ... (iii) 

(Gibbs-Helmholtz equation) 
Here, AH = AE + PAV 

Gibbs-Helmholtz equation is used to discuss the driving force, 
Le., the overall criterion of spontaneity. 

[Note: Since, and 'S’ are extensive property hence ‘G’ will also be 
an extensive property. Moreover, Gibbs fonction ‘C’ is a state 
function.] 

Free Energy Change and Spontaneity 

Let us consider a system which is not isolated from its 
surroundings. In this case, total entropy change can be calculated 
as: , 
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^^sy^em .^‘^sunoundings (0 

Let us consider the process at constant temperature and pressure. 
Let qp amount of heat be given by the system to the 
surroundings. 


( ft’)surroundmgs (9/’)system 

(ft* )surroundings 


A/L 


system 


M, 


-A/L 


surroundings 


system 


... (ii) 


From equations (i) and (ii). 


A If 

AC _ A? 

total “‘^system j, 

T ASjomj — T ~ ^^system 

—T AS,j,^l = Aff^g^ - T ASjyjjgn, 
According to Gibbs-Helmholtz equation, 

AG = AH-TAS 



• ■ ^^system ^^system ^ ^’^system ••• 

From equations (iii) and (iv), 

^^system —~'r total 

We know that for spontaneous process, AStot^i > 0 

/. AG = - ve for spontaneous process. 

for spontaneous process T ^,otai should be positive or AG 
should be negative. 

Case I: Let entropy and energy, both factors are favourable 
L- A process, i. e., AH = - ve and T AS = + ve 


i-JOin AG = AH-T AS 


= (-ve) - (+ve) = - ve 

Thus, AG = - vt\; )r spontaneous process. 

Case II: Let both energy and entropy factors oppose a 
process, i. e., AH = + ve, f A5 = - ve. 

From AG = AH -T AS 


= + ve - (-ve) = + ve 

Thus, AG is positive for a non-spontaneous process. 

Case III: Let both tendencies be equal in magnitude but 
opposite, la, 

AH = + ve and T AS = + ve and AH = T AS 


.% From AG = AH - T AS 


= 0 

In this condition, the process is said to be at equilibrium. 

Coupled Reactions 

We know that the reactions which have AG = + ve are 
non-spontaneous. However, such reactions can be made 
spontaneous when coupled with a reaction having very large 
negative free energy of reaction, 

e.g., 2 Fe 203 (s)->4Fe(s)-t-302(g); AG° =+ 1487kJ/mol 

6 CO(g) + 302 is) -> 6 CO 2 (g); AG° = - 1543.2kJ/mol 


On adding, 2 Fe 203 (s) + 6 CO(g) —> 4 Fe( 5 ) + 6 CO 2 (g); 

_ AG° = -52.2kJ/mol 

Thus, both reactions proceed simultaneously. 

The free energy of a reaction is the chemical analogue of 
potential energy of mechanical systems. A body moves in the 
direction in which there is decrease in potential energy. Similarly, 
in chemical system, the substance moves in a direction in which 
there is decrease in free energy, i. e., AG is negative. 

In a chemical reaction, AG= Gp„d„,,, - G^eactants- Thus, 
spontaneous changes occur with a decrease in free energy, 1 e ., 
AG is negative. 

To sum up, the criteria for spontaneity of a process in terms of 
AG is as follows: 

(i) If AG is negative, the process is spontaneous. 

(ii) If AG is zero, the system is in equilibrium. The process 
does not occur. 

(iii) If AG is positive, the process does not occur in the 
forward direction. It may occur in the backward 
direction. 

Conditions for AG to be negative or the process to be 
spontaneous 


We know that, AG = Aff -T AS 


AH 

FAS 

Conditions 

AG 

-ve 

(favourable) 

+ve 

(favourable) 

(any) 

-ve spontaneous 

-ve 

(favourable) 

-ve 

(unfavourable) 

\AH\>iT AS) 

-ve spontaneous 

+ve 

(unfavourable) 

+ve 

(favourable) 

1F AS 1 > 1 AH 1 

-ve spontaneous 


Role of Temperature on Spontaneity 

In Gibbs-Helmholtz equation: 

AG = AH-T AS, 

not only AH and AS but also temperature T’ is a determining 
factor for spontaneity, i.e., for AG to be -ve. Let us discuss 
exothermic and endothermic reactions to show the influence of 
temperature. 

1. Exothermic processes: In exothermic reactions, 

AH = - ve (favourable condition) 

Case I: When F AS is positive, i.e., favourable, then AG 
will be negative and the process will be spontaneous at all 
temperatures. 

Case II: When F AS is negative, i. e. , unfavourable, then AG 
will be negative when | AH | > | F AS ^ To reduce the magnitude 
of F AS, the temperature should be low. Thus, exothermic 
reactions can be made favourable (when T AS =-ve) by 
lowering the temperature. 

2. Endothermic reactions: In endothermic reactions, 
AH = -t- ve (imfavourable conditions). 

In case of endothermic reactions, AG will be negative when 
I AH I < IF AS !■ To increase the magnitude of F AS, temperature 
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(T) should be increased. Thus, endothermic reactions can be 
made favourable by increasing the temperature. 

Thus, temperature also plays an important role in deciding the 
spontaneity of a reaction. A reaction which is non-spontaneous at 
low temperature becomes spontaneous at high temperature and 
vice-versa. 


Sign of MI, AG and AS and prediction of spontaneity 


AH 

, AS 

AG 

Remarks 

-ve 

+ve 

-ve 

Spontaneous at all 
temperatures 

”ve. 

”Ve 

-ve (at low temperature) 

Spontaneous 



+ve (at high temperature) 

Non-spontaneous 

+ve 

+ve 

+ve (at low temperature) 

Non-spontaneous 



-ve (at high temperature) 

Spontaneous 

+ve 

-ve 

+ve 

Non-spontaneous at all 
temperatures 


AH 



+ 

- 

+ 

Spontaneous at high tem¬ 
perature and non-sponta¬ 
neous at low temperatures 

Spontaneous at all temper¬ 
atures 


Non-spontaneous at all 
temperatures 

Non-spontaneous at high 
temperatures and sponta¬ 
neous at low temperatures 


::;I2*t MS0 MESolvedE xAMPLES^ IS!!!!: 


Example 71. A/T and AS for the reaction, 

AgiOis) -» 2Ag(s) + ^02 (g) 

are 30.56kf moF^ and66.0JK~^ moF^ respectively. Calculate 
the temperature at which free energy change for the reaction will 
be zero. Predict whether the forward reaction will be favoured 
above or below this temperature. 

Solution: We know that, 

AG = AH-TAS 
AG = 0 

0=AH-TAS 
AS 

Aff = 30.56 kJmor‘ 

= 30560 Jmor' 

66.0 JK^‘ mol"* 

30560 


At equilibrium, 
so that 


or 


Given that. 


AS 


66 


463 K 


Above this temperature, AG will be negative and the process will 
be spontaneous in forward direction. 

Example 72. For the reaction, 

2NO{g) + 02(g) - 


Calculate AG at 700 K when enthalpy and entropy changes are 
-113.0AJ moF^ and-l45J K~^ moF^ respectively. 

Solution: We know that, AG = AH-T AS 

Given, ATT = - llSUnMl"* 

= -113000 Jn»r‘ 

AS = -145JK-‘ mor* 

r = ?00K 

Substituting these values in the above equation, 
we get AG = -113000-700X (-145) 

= -11500Jmor' 

= -11.5kJmor' 


Example 73. In the reaction A'*' +B—^A +B*, there 

is no entropy change. If enthalpy change is 22kJof A calculate 
AG for the reaction. 

Solution: For the given reaction, 

A// = 22kJ,A5 =0 
From, AG = AH-T AS 

AG = 22-rxO=22kJmor‘ 


Example 74. AH and AS for the reaction 
Br 2 il) + Cl2ig)-^2BrCl{g) are 29.37 U and 104.0//T 
respectively. Above what temperature will this reaction become 
spontaneous? 

Solution: According to Gibbs-Helmholtz equation, 

AG = AH-TAS 
For spontaneous process, AG < 0 
i.e., AH-TAS<0 

T AS > AH 
AH 
AS 

29.37x1000 


T>- 


T> 


104 


T > 282.4 KL 


Example 75. Calculate the temperature at which liquid 
water will be in equilibrium with water vapour. 


AH^ = 40.73 A/mo/" 


and AS „ap = 0.109 A/ mol 


K' 


Solution: Given, A/7 = 40.73 kJ mol"* 
AS 


0.109kJmor‘ K"’ 


and 


Applying 


AG = 0 

AG = AH-TAS 
0= 40.73-rx 0.109 
„ 40.73 


0.109 


: 373.6 K 


Example 76. Zinc reacts with dilute hydrochloric acid to 
give hydrogen at 17° C. The enthalpy of the reaction is -12.55 kJ 
moF^ of zinc and entropy change equals 5.QJ K~^ moF^ for the 
reaction. Calculate the free energy change and predict whether 
the reaction is spontaneous or not. 
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Solution: Given, A/f = -12.55 kJ mol * 

A5 =5.0JK“' mor‘ 

= 0.005 kJ K-‘ mor* 

7’= 17 + 273 = 290K 
Applying AG = A// -T AS 

= -12.55-0.005x290 
= -12.55 - 1.45 = -14.00 kJ mor' 
Since, AG is negative, the reaction will be spontaneous. 

Example 77. AH and AS for the system 
H20{1)^^^H20(g) at 1 atmospheric pressure are 40.63 kJ 
mol~^ and 108.8 J K mol~^ respectively. Calculate the 
temperature at which the rates of forward and backward 
reactions will be the same. Predict the sign offree energy for this 
transformation above this temperature. 

Solution: Given, AH = 40.63 kJ moP' 

A5= 108.8 JK'* mor' = 0.1088 kJK'‘ moP' 
AG = 0 (when the system is in equilibrium) 

Applying AG = AH -T AS 

0 = 40.63-rx 0.1088 


0.1088 

The sign of AG above 373 K, i.e., say 374 K, may be 
calculated as follows: 

\gain applying AG = A// -T AS 

= 40.63-374x0.1088 
= 40.63-40.69=-0.06 kJ 

AG will be negative; hence, the reaction will be spontaneous. 
Example 78. For the reaction, 

SOCf + H 2 O -> SO 2 + 27/C/, 

the enthalpy of reaction is 49.4 kJ and the entropy of reaction is 
336 J K ~ . Calculate AG at 300/f and predict the nature of the 
reaction. 

Solution: AG = AH-T AS 

= 49.4-(300x336x10'^) 

= -51.4kJ 

Since, the free energy change is negative, the given reaction is 
spontaneous. 

Example 79. The standard enthalpy and entropy changes 
for the reaction in equilibrium for the forward direction are given 
below: 

CO(g )+H20{g)^ CO 2 (g) + H2(g) 

AH^qqk =-41.16kJ moF^ 

AA" 300 K=- 4-24 X 1 0“^ kJ moF^ 

AH°i2qo/' --32.93 kJ moF^ 

^moK = -2.96X 10'^ kJ moF^ 


Calculate Kp at each temperature and predict the direction of 
reaction at 300/f and 1200 K, when Pqq = Pco 2 
= Pfj^ = Pfj.^o ~ 1 initial state. 

Solution: At 300 K: AG° = A//° -T AS° 

= - 41.16 - 300 X (- 4.24 x 10"^) 

= -28.44 kJ 

Since, AG° is negative hence reaction is spontaneous in 
forward direction, 

AG° = -2.303/?riog 

-28.44 = - 2.303 x 8.314 x 10'^ x 300 log Kp 
=8.93x1 O'* 

At 1200 K: AG° = AH°-TAS° 

= - 32.93 - 1200(- 2.96 x 10'^ ) = + 2.59 kJ 

Positive value of AG ° shows that the reaction is spontaneous 
in backward direction 

AG° = -2.303A7’log a:/, 

2.59 = - 2.303 X 8.314 x 10’^ x 1200 log Kp 

Kp = 0.11 

Example 80. The standard Gibbs free energies for the 
reactions at 1773 K are given below: 

C{s) + O 2 (g)-> CO 2 (g); AG° = -380kJ mol 

2C{s) + O 2 (g):^ 2CO(g); AG° = -500 kJ mol 

Discuss the possibility of reducing AI 2 O 2 and PbO with 
carbon at this temperature, 

4Al + 3 G 2 (g) - >2Al202 (i); AG° = - 22500kJ mol 

2Pb + 02 (g) - >2PbO(sy, AG° = -120A//wo/'‘ 

Solution: Let us consider the reduction of AI 2 O 3 by carbon: 

2 Al 203 +3C(5)->4Al(5)+3C02(g); 

AG° = -380 X 3 + (22500) = +21360 kJ 

2 AI 2 O 3 + 6 C(s)->4Al(j)+6CO(g); 

AG° = - 500 X 3 + 22500 = + 21000 kJ 

Positive values of AG° show that the reduction of AI 2 O 3 is 
not possible by any of the above methods. 

Now, let us consider the reduction of PbO. 

2PbO(5) + C-> 2Pb + CO 2 ; 

AG° = +120 + (-380) = - 260 kJ 

2PbO(5) + 2C-+ 2Pb + 2CO; 

AG ° = +120 + (-500) = - 380 kJ 

Negative value of AG ° shows that the process is spontaneous 
and PbO can be reduced by carbon. 

Example 81. In a fuel cell, methanol is used as fuel and 
oxygen gas is used as an oxidiser. The reaction is: 

CH^OHd) + ^ G 2 (g)- >C02(g) + 2H20(1) 
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Calculate standard Gibbs free energy change for the reaction 
that can be converted into electrical work. If standard enthalpy of 
combustion for methanol is -726 kJ mol ; calculate the 
efficiency of conversion of Gibbs energy into useful work. 

AG} for CO 2 , H 2 O, CH^OH, O 2 are -394.36; -237.13; 
-166.27 and zero respectively. 

Solution: The reaction for combustion of methanol is: 

^C02(g) + 2H20(/) 


CH 30 H(/) + |02(g)- 

^Cacion =[AG} C02(g) + 2AG; H20(/)] 

-[AC^CH30H(/) + ^AG^-02(g)] 

= [-394.36 + 2 (-237.13)] - [-166.27 + 0] 

= -702.35 kJmoF* 

Efficiency of conversion of Gibbs free energy into useful work 
_ AG^^acion X 100 


reaction 

-702.35 X 100 
-726 


= 96.7% 


ilMWlUM CtF^BJECTIVE QUEhlONS _ 

40. The free energy for a reaction having AH = 31400 cal, 

AS = 32 cal K“' mor‘ at 1000°C is: [J£e (Orissa) 2005] 
(a)-9336 cal (b)-7386 cal (c)-1936 cal (d)+9336 cal 
[Ans. (a)] 

[Hint: AC = Aif - F AS = 31400 - 1273 x 32 = - 9336 cal] 


41. F,C=CF—CF=CF, 


FjC- 


FC = 


-CF 2 

I 

CF 


T>- 


For this reaction (ring closure), AH = -49 kJ moF’, 
AS = -40.2 J K”* inoF*. Upto what temperature is the 
forward reaction spontaneous? 

(a) 1492°C (b)1219“C (c)946°C (d) 1080°C 

[Ans. (c)] 

[Hint; For spontaneous process, 

AG = AH -T AS (should be. negative) 

AH 
AS 
-49x1000 

r > - 

-40.2 

r>1219K,i.e,946°C] 

42. For the equilibrium reaction, the value of Gibbs free energy 

change is: (DCE 2005) 

(a) > 0 (b) < 0 (c) = 0 (d) 0 

[Ans. (c)] 

[Hint: AC = 0 at equilibrium] 

43. At 0“C, ice and water are in equilibrium and AH = 6kJ moF’. 
For this process: 

H20(s)?=^H20(/) 


The values of AS and AG for conversion of ice into liquid 
water at 0°C are; 

(a) -21.9 J K"' moF‘ and 0 (b) 0.219 J K”' moF' and 0 
(c) 21.9 J moF* and 0 (d) 0.0219 i K."' moF* and 0 
[Ans. (c)] 

[Hint: AG = 0, 

AH-TAS=0 

AH 6000 


AS =- 

T 

44. For a reaction: 

AgjOfff)?: 


273 


= 21.9 JK“‘ moF‘1 


45. 


:2Ag(s) + - 02 (g) 

AH, AS and T are 40.63 ki moF*; 108.8 J K“‘ moF' and 
373.4 K respectively. Predict the feasibility of the reaction, 
(a) feasible (b) non-feasible 

(c) remains at equilibrium (d) not predicted 

[Ans. (c)] 

[Hint: AG = AH-T AS 

= 40.63 X 1000 - 373.4 x 108.8 = 0] 

For the homogeneous reactions: 

xA + yB - y lY + mZ 

A// = -30kJmor‘,AS =-100JK“' mol"'. 

At what teniperature the reaction is at equilibrium? 

[PMT (Kerala) 2006] 

(a) 50°C (b) 250°C (c) 100 K (d) 27°C 

(e) 500 K 
[Ans. (d)] 

[Hint: AG = AH -T AS 

At equilibrium, AC = 0 

AH -30x1000 


AS 


-100 


46. 


1 


■ = 300K, i.e, 27°C] 
^ CO 2 (g), AH and 


47. 


For the reaction CO(g)+ - 02 (g)- 

AS are -283:. kJi^d r87y JK7s InoF!;: respectively. It was 
intendeditd eaSiys out thisfreiette at<l'00(i, 1500, 3000 and 
3500 K. At which of these temperatures would this reaction 
be thennod 5 mamically spontaneous? [PMT (Kerala) 2006] 
(a) 1500 and 3500 K (b) 3000 and 3500 K 

(c) 1000, 1500 and 3000 K (d) 1500, 3000 and 3500 K 
(e) At all of tlie.above temperatures 
[Ans. (c)] 

AG = AH-TAS 

AG = - 283 - (-1000 X 0,087) (Spontaneous) 
--196 

AG = - 283 - (-1500 x 0.087) (Spontaneous) 

= -152.5 kJ 

AG = - 283 - (-3000 x 0.087) (Spontaneous) 

= - 22 kJ 

AG = - 283 - (-3500x0.087) (Non-spontaneous) 
= + 21.5kJ] 

For a reaction, 

Aii' = +29kJmoF'; 
at what temperature, the reaction will be spontaneous? 

(PMT (Haryana) 20071 


[Hint: 

At 1000 K, 

At 1500K, 

At 3000 K, 

At 3500 K, 


AS =-35JK^' raoi'' 
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(a) 828.7°C 

(b) 828.7 K 

(c) Spontaneous at all temperature 

(d) Not possible 
[Ans. (d)]: 

[Hint: AG = AH-T AS 

When AH = + ve, M = - ve then AG will be positive and the 
reaction is non-spontaneous.] 


7J8 STANDARD FREE ENERGY CHANGE 


Just like enthalpy and internal energies, we cannot determine 
absolute value of Gibbs free energy. The standard free energy 
change can be determined and it is defined as the free energy 
change for a process at 298 K and 1 atm pressure in which the 
reactants in their standard state are converted to products in 
their standard state. It is denoted as AG°; it can be related to 
standard enthalpy and entropy change in the following manner: 

AG° = AH°~TAS° 

Like that of AH°, A(j° can be calculated from the standard free 
energies of formation of the products and the reactants. 


AG° = (products)- EGy (reactants) 


Sum of standard free 
energies of formation 
of products 


Sum of standard free 
energies of formation 
of reactants 


Let us consider a general reaction: 

"«j^ + n 2 ^- ^n-^L + n^M 

AG° = EG^ (products) - EG^ (reactants) 

' = [n 3 G; (I) + n, G} (M)] -[n^G}{A) +n^G} (B )] 

The standard free energy of formation (A Gy ) may be defined as 
the free energy change when 1 mole of a compound is formedfrom 
its constituent elements in their standard state. The standard free 
energy of formation of an element in its standard state is assumed 
to be zero. ■ 


^andard Gibbs Free Energy of 
Formation (kJ moi~* at 298 K) 



-95.27 

C 4 Hg (iso-butene) 

294 

H 2 O.. 

-228.6 

BaO 

-528.4 

H202 

-103:3 

BaCOj 

-1139 

CO 

-137.3 

BaS04 

-1465 

C02 

-394.4 

CaO 

-604.2 

S02 

. -300.4 

Ca(OH )2 

-896.6 

S03 

-370.4 

GaCOj 

-1129 

N02 ■ 

51.84 

CuO 

-127 

N20 ' 

104 

N^l 

-384.0 

NH 3 ' 

-16.6 

KCl 

-408.3 

Oj 

163.4 

NH 4 CI 

-203.0 

NO 

86.69 

AI 2 O 3 

-1582.4 

CH 4 . 

-50.79 

Fe 203 ^ 

-741.0 

(ethane) 

229 

ZnO 

-318.2 


CjHg (propane) 

270 

Si 02 

-805 

C 4 H ,9 (n-butane) 

310 

Pb 02 

-219 

C 4 H,o (iso-butane) 

310 

CH 3 OH 

-166.2 

C 2 H 2 (acetylene) 

209.2 

C 2 H 3 OH 

, -174.8 

C 2 H 4 (ethylene) 

. 219.4 . 

QH6 

-124.5 

CjH^ (propylene) 

266.9 

CH 3 COOH 

-392 

C 4 Hg ( 1 -butene) 

, 307.4 




Example 82. Will the reaction, 

l^{,s)^H^S{g) -^ 2 W(g) + S(s) 

proceed spontaneously in the forward direction at 298 K, 
AG}Hl{g)= \.%Umor\ AGy/f 2 'S'(g)= 33.8itTmor* .? 

Solution: 

AG° = EGy(products)-EGy (reactants) 

= [2G;HI(g)+ G;S(5)]~[1 x g;I 2(5)+ G;H2S(g)] 

= [2 X 1.8 + 0] - [0-1-33.8] = - 30:2 kJ 
-ve value shows that the process is spontaneous in forward 
direction. 

Example 83. Compute the standard free energy of the 
reaction at 27° C for the combustion of methane using the given 
data: 

CH,{g)+102{g) - ^C0^{g)+2H20{1) 

Species CH 4 O 2 CO 2 HjO 

A//y/(fc/mor‘) -74.8 — -393.5 -285,8 

moF ^) 186 205 214 70 

Solution: AH° =; AJ/y(coj) +2A//y(Hp) - A//y(cn^) 

= -393.5 +2x (-285.8)-(-74.8) 

= -890kJmor' 

^ ° = ^(COi) + ^(HP) “ ■^(CH 4 ) “ ^(02) 

= 214 + 2x70-186-2x205 
= ,-242JK"*mor‘ 

AG° = AH°-TAS° 

= - 890 - 300 X (-242 x 10“^ ) 

= - 890 + 72.6 = - 817.4 kJ mol“^ 

7.29 RELATIONSHIP BETWEEN STANDARD 
FREE ENERGY CHANGE (AG°) AND 
EQUILIBRIUM CONSTANT 

For any reversible reaction, A+B C + D, the free energy 
change and standard free eneigy change are related with each 
other by the following relation: 

AG = AG° +RT\og^ Q 

where, R is universal constant; T is temperature and Q is 
reaction quotient O = ^!^^. 

At equilibrium state, AG = 0 and Q=-K^^ ■ 

■ 0 = AG° + J?riog^ 

or AG ° = -RT log ^ 
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or A(?° = -2.303^riog^eq 

This equation helps in the calculation of if of the 
reaction is known and vice-versa. The value of can give an 
idea about the extent of chemical reaction before the equilibrium 
is attained. 

Alternatively, 

K = 

Equilibrium constant of unity implies that standard free 
energy change AG® is zero and that the positive values of AG° 
implies the equilibrium constant to be less than imit. 



Fig. 7.21 Variation of equilibrium constant against 
standard free energy change 

If we draw a graph of free energy against extent of reaction, 
we get U-shaped graph Fig. 7.22. 



Fig. 7.22 Plot of free energy against extent of reaction 

If the minimum in the curve lies closer to products, it means 
that reaction is in favour of products {K »> 1). The reaction in 
this case will be closer to completion. On the other hand, if the 




Flgr7.23 Prediction of exf >snt of reaction by the plot of free 
energy against extent of reaction 


minimum in the curve lies closer to the reactants, the reaction 
favours reactants (K «< 1). The reaction in this case will be 
farthest from completion. (See. Fig. 7.23) 

/j. Example 84. What is the equilibrium constant for the 
following reaction at 400K? 

2NOClig)^2NOig) + Cl2{g) 

AH° = ill kJ and AS° = 122 J at 400 If. 

Solution: According to Gibbs-Helmholtz equation, 

'AG° = AH°-TAS°-' 

= 77.2-400x122x10“^ 

= 28.4 kJ= 28.4 X 10^ J 
We know that, AG® = - 2.303l?r log if, 

lo = - 28.4 X 10^ 

~ 2.303RT ~ 2.303x 8.314 x400 
= -3.7081 

K, =antilog (-3.7081)= 1.958x 10“^ 

Example 85. For the equilibrium, 

PCI, (g) ^PCf (g) + Cf (g) at 25°C 
a:, =1.8x10“’ 

Calculate AG°forthe reaction (R = 8.314 J lf“' moF^ ). 
Solution: We know that, 

AG° = -2.303i?riog A, 

= -2.303 X 8.314 X 298 log (1.8 X 10“’) 

= 38484 J mor' = 38.484 kJ moP* 

Example 86. The equilibrium constant at 25 for the 
process: 

Co^* {aq .) + 6NH, (aq .) [CoiNH, (aq .) 

/s2xl0’. 

Calculate the value of AG° at 25°C. {R = 8.314 J If ) 

In which direction, the reaction is spontaneous when the 
reactants and products are in standard state? 

Solution: We know that, AG° =-2303RT log If, 

Given, If, = 2 X lO’, r = 298K, i? = 8.314 J K“‘mor' 

Thus, from above equation, 

AG° = -2.303x 8.314x298log 2x10’ 

= -12023.41 =-12.023 kJ 

Example 87. The equilibrium constant for the reaction, 
CO 2 (g) + H,(g)^CO(g) + H^OigJat 2m K 
is 13. Calculate the value of the standard free energy change 
(i?=8314Ji:"‘ mol ' ). 

Solution: Weknowthat, AG° = -2.303iJriog If, r!’ . ' ; 
Given, a:, = 73,1? = 8.314JK“‘ mor',7’ = 298K 
.‘.From above equation, i 

AG® = - 2.303 X 18.314 X 298 log 73 

= -10.632 kJ 

,1 

Example 88. For the water gas reaction, 

C(s) + H^Oig)^CO{g) + H^{g) 
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the standard Gibbs free energy of reaction (at 1000^ ) is 
- S.lkJ/mol. Calculate its equilibrium constant. 

Solution: We know that, 


Given that, 


K = antilog 


-AG° 

2.303i?rJ 


AG° = - 8 ,lkJ/mol 

= 8.314x10-^ kJK"* moF* 


• . • (i) 


r = 1000K 


Substituting these values in eq. (i), we get 


K = antilog 


-(- 8 - 1 ) 

2.303x8.314x10’^ x 1000 


K=^2.65 

* 

Example 89. Calculate AG ° for the conversion of oxygen 
to ozone, ( 3 / 2)02 (g) ^ "^ 03 (g) at 298 K, if for this 
conversion w 2.47 X 10“^’. 

Solution: We know that, 

AG“ = -2.303/?r log^:^ 

= - 2.303 X 8.314 X 298 log 2.47 x 10'® 


= 1632281/mol 
= 163.228 kJ/mol 


Example 90. Acetic acid CH^COOH can form a dimer 
(CH-^C00H)2 in the gas phase. The dimer is held together by 
two H-bonds with a total strength of 66.5 kJ per mol of dimer 
5- 8+ 


CH. 


CC ^~CH^ 


0—H....0 
6 + 8 - 


If at 25° C, the equilibrium constant for the dimerization is 
1.3 X 10^. Calculate isS°for the reaction: 


2CHiCOOH(g ) (CH^COOH)^ (g) 

Solution: AG° =-2.303log AT 


= - 2.303 X 8.314 X 298 log (1.3 x 10^ ) 
= -17767.6881 =-17.767 kJ 
AG° = AH°-TAS° 


-17.767 = -66.5-298 X AS ° 


AS° = 


-66.5 + 17.767 
298 


- 0.163 kl 


fL[l/$Tg/ITI0M5 OBriCTiVE ouestioms 


48. What is AG° for this reaction? 

iN 2 (g) + |H 2 (g)^NH 3 (g);A:p= 4.42X lO^at 25°C 

(a)-26.5klmor^ (b) - 11.5 kl moF' 

(c) - 2.2 kl moF* (d) - 0.97 kJ moF* 

[Ans, (a)] 


[Hint: AG° = - 2.303Ar log K/, 

= -2.303 X 8.314 X 298 log (4.42 x lO^) 

= - 26.5 kJ moF' ] 

49. What is the sign of AG° and the value of K for an 

electrochemical cell for which £ ° 

K 
> 1 
> 1 
<1 
< 1 


= O.SOvolt? 


AG° 

(a) - 

(b) + 

(c) + 

(d) - 
[Ans. (a)] 

[Hint: AG°=-nFE° , AG° =-2.303gr log£] 

50. The free energy of formation of NO is 78 kl moF' at the 
temperature of an automobile engine (1000 K). What is the 
equilibrium constant for this reaction at 1000 K? 


^N2(g) + l02(g)^ 


-NO(g) 


(a) 8.4 X 10'^ 

(c)4.2xl0'‘" 

[Ans. (a)] 

[Hint: g = antilog 
= antilog 


(b) 7.1x10'® 
(d) 1.7x10'*® 


-AG" 


.2.303gr. 

-78 X1000 
2.303x8.314 x1000 


= 8.4x10'*] 

51. Equilibrium constant for the reaction: 

H2(g)+l2(g)^2HI(g) 


is = 50at 25°C. 


The standard Gibbs free energy change for the reaction will 
be: 

(a)-6.964 kl (b)-9.694 kl 

(c) - 4.964 kl (d) - 6.496 kl 

[Ans. (b)] 

[Hint: AG ” = - 2.303gr log 

= -2.303x8.314x298 log 50 
= -9694 J =-9.694 kl] 

52. Standard Gibbs free energy change AG° for a reaction is 
zero. The value of the equilibrium constant will be: 

(a) 10 (b)l (c)lOO (d)c« 

[Ans. (b)] 

[Hint: AG" = - 2.303£r log K 
mmnK = \, AG"=0] 

53. The standard free energy change of a reaction is 
AG° = - 115 klat 298 K. Calculate the equilibrium constant 
ATp inlogi!:p.(g = 8.3141K'* moF*) 

(a) 20.16 (b) 2.303 (c) 2.016 (d) 13.83 

(VITEEE 2008) 

[Ans. (a)] 
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[Hint: log AT;,: 


•AG° 


2.303 RT 
-(-115x1000) 

“ 2.303x8.314x298 
= 20.16] 

7.30 PHYSICAL SIGNIFICANCE OF GIBBS 
FREE ENERGY CHANGE (Free Energy 
and Useful Work) 

According to first law of thermodynamics, 

M: = q-w ... (i) 

{-ve sign as the work is done by system) 

Here, q is heat absorbed by the system and w is the work done by 
the system while AS is the change in internal energy. The work 
(w) actually includes two types of work, i. e ., (or PAV) 

and (useful work). The two types of works can be 

understood by taking an example of the electrolysis of water to 
form H 2 (g) and 02 (g) leading to an increase in the volume of 
the system. The work non-expansion (non-mechanical) is done to 
cause the decomposition of water while the work expansion 
(mechanical) is due to expansion in volume of the system. Thus, 
the electrical work is called non-pressure-volume work or 
non-expansion work or non-mechanical work. The 
non-expansion work is also known as useful work. Thus, 


AE = q-w^ 




... (ii) 

expansion —PAV) 

... (iii) 


'^expansion non-ejqsansion 

= 9-PAP~W„on-expBmk,n {" W, 
or q = AE + PAr+w^„ 

We know that, 

AE + PAr = AH 

^ ~ "l" non-expansion 

According to second law of thermodynamics, for a reversible 
change taking place at constant temperature, T 

n 

AS- 


T 

TAS 


^ rev. 

Substituting in equation (iv) 

TAS = AH + w 
or AH-TAS = 


non-expansion 


... (V) 


... (Vi) 


or 

or 


AG = -w 
-AG = 


non-expansion 
non-expansion 




(v AH - T AS = AG) 
...(vii) 


non-expansion useful work 

Thus, the decrease in Gibbs free energy is a measure of useful 
work or non-expansion work done by the system. The greater the 
free energy change, the greater is the amount of work that can be 
obtained fiiom the process. This relation is useful in assessing the 
electrical work that may be produced by electrochemical cells 
and fuel cells. 

Free Energy Change and Electrical 
Work Done in a Cell 

Free energy change in electrochemical cells is related to die 
electrical work done in the cell. 


AG and emf of the cell (E ) are related by the following 
relation: 

AG = - nFE 

where, F = faraday = 96500coulomb 
£ = emf of the cell 

n = Number of moles of electrons involved in 
balanced electrochemical reaction 

If the reactants and products are in their standard states, then 
AG° = -nFE° 

when E° = standard emf of the cell. 

Example 91. The emf of the cell reaction. 


Znis) + (aq. )-> Zn^^ (aq. ) + Cu{s) 

is 1.1 k Calculate free energy change for the reaction. If enthalpy 
of the reaction is-216.1 kJ mol calculate the entropy change 
for the reaction. 

Solution: ~AG ° = nxFxE° — 2'x 96500 x 1.1 = 212.3 kJ 

AG° =-212.3 kJmor' 

AG° = AH°-TAS° 

, AiT°-AG° -216.7-(-212.3) 

" T ~ 298 

= -0.01476 kJ K"’mor* 

= -14.76 JK-‘ mor‘ 

Example 92. Calculate equilibrium constant for the 
following reaction: 

Cu{s) + 2Ag* {aq. ) Cu^^ {aq .) + 2Ag{s) 

At 25°C. E°,„ = Q47 volt, R = B.3UJK mol F = 96500 
coulomb. 

Solution: Let us apply Nemst equation at equilibrium 


2 +< 


AS° = - 


Kn = 


0.0591 


log 


. 0.0591, ^ 

0.47 =-log 


= antilog 


0.47x2 

0.0591 


.15 


= 8.5x10 

ABSOLUTE ENTROPIES AND THIRD 
LAW OF THERMODYNAMICS 

Third law of Thermodynamics was given by T.W. Richards, 
Walter Nemst and Max Planck. Some statements for thiid law of 
thermodynamics are given below: 

Statement-1. "Every substance has a finite positive entropy 
but at the absolute zero temperature the entropy may become zero 
and does so become in the case of perfectly crystalline solids ." 

Because 

Statement-2. "Entropy of a solid or liquid approaches zero 
at the absolute zero of temperature." 
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It can be mathematically expressed as 

lim 5^0 
r-^OK 

Because 

Stateinent-3. “It is impossible by any method, no matter 
how idealised it is, to reduce the temperature of any system to the 
absolute zero in a finite number of operations. ” 

Application of Third Law of Thermodynamics 

The third law of thermodynamics has been useful in 
calculating the absolute entropies of solids, liquids and gases at 
different temperatures. Moreover, this law is also useful to 
calculate entropy changes of a chemical or physical process. Let 
us calculate absolute entropy. 

T 

dS=Cp — 

T 

On integrating the above equation between temperature limits of 
0 and r K, we get 

S - S - C 

‘^0 -Jo 

or Sf-SQ=^Cpd\nT 

From third law of thermodynamics, Sq = 0 
Sf=j^Cpd\nT 

When entropy of one mole of a substance is expressed at 298A" 
and 1 atm pressure, it is called standard entropy of that 
substance. It is denoted by S °. The standard entropy change A5 ° 
for a chemical reaction can be calculated as 


AiS® - 25 (products) (reactants) 


Sum of the standard 
entropies of products 


Sum of the standard 
^tropies of reactants 


e.g., in the reaction: 

C2Hd(g)- 


.H2(g) + C2H4(g) 


^S° = IS 


(products) 


* (reactants) 


= [5h2+5^H4]-[5c2hJ 


Standard molar entropies in J/K mol at 298 K 


Solids 

Entropy 

Solids 

Entropy 

C (graphite) 

5.7 

N 2 

191.6 

C (diainond) 

2.4 

O 2 

205.1 

Fe 

27.3 

CO 2 

213.7 

Pb 

64.8 

NO 2 

240.1 

Cu 

33.1 

N 2 O 4 

304.3 

A1 

96.2 

NHj 

192.3 

Fe 203 

87.4 

CH 4 

. 186.2 


CuS04-5H20 

300.4 

Hg 

76.0 

C 12 H 22 O .11 (sucrose) 

360.8 

HjO 

69.9 

CaO 

39.8 

C 2 H 5 OH 

160.7 

CaCOj (calcite) 

92.9 

QHd, 

173.3 

H 2 

130.7 

CH 3 COOH 

159.8 


Tephigraph 

Graph of entropy of a substance against temperature is called 
tephigraph. In the following graph variation of entropy with 
temperature is represented: 



m.p. b.p. 

—►Temperature in K 

Fig. 7.24 


From the graph it is clear that entropy of a substance increases 
with increase in temperature; there is sudden change in entropy at 
the stage of phase transformation. 

Example 93. Calculate 1x0° for the following reaction: 
CO{g ) + (i) 02 (g)-> CO 2 (g); A//° = - 282.84 fc/ 

Given, 

5co2 =213.8JA: ■' mor\ Sco(g) = 197.9 J K mol'^, 1 

= 205.0J KmorK 

Solution: AS° = 25 “products) (reactants) 

= [5co2]-[5co+^5oJ 
= 213.8-[197.9+^205] 

= -86.6JK-' 

According to Gibbs-Helmholtz equation, 

AG° = AH°-TAS° 

= -282.84 - 298 X (-86.6 X 10“^) 

= -282.84 + 25.807 
= -257.033 kJ 

Example 94. For the reaction; 

.4(s)- ^B{s) + C(s) 

calculate the entropy change at 298 K and 1 atm if absolute 
entropies {in JmoF^)dre: 
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^ = 130,B = 203,C = 152 

Solution: AS — (products) ~ (reactants) 

= [5>Sc]-[5°]_ 

= [203+152]-[130] 

= 225JK“'‘ 

7.32 CONVERSION OF HEAT INTO WORK— 
THE CARNOT CYCLE 

Carnot, a French engineer, in 1824, employed merely theoretical 
and an imaginary reversible cycle known as Carnot cycle to 
demonstrate the maximum convertibility of heat into work. 

The system consists of one inole of an ideal gas enclosed in a 
cylinder fitted with a piston which is subjected to a series of four 
successive operations. The four operations are: 

(i) Isothermal reversible expansion 

(ii) Adiabatic reversible expansion 

(iii) Isothermal reversible compression 

(iv) Adiabatic reversible compression 

The four operations have been shown in Fig. 7.25. 



Fig. 7.25 

First operation—lsothermai reversible expansion 

The gas is allowed to expand reversibly and isothermally at 
the temperature T 2 through AB path. The volume F] (point A) 
increases to volume V 2 (point B). In this operation, let the heat 
absorbed by the system be f 2 (+ve) and the work done by the 
system on the surroundings be w, (-ve). 

Since, the expansion is isothermal, Ai" = 0. The heat absorbed, 
f 2 . should be equal to the work done by the system on the 
surroundings, i.e., 

92 =-Wi =i?r 2 log^ ^ -(i) 

Second operation—Adiabatic reversible 
expansion 

The gas is now allowed to expand revereibly and adiabatically 
through BC path. The volume increases from F 2 (point B) to 


volume F 3 (point C). In this operation, no heat is absorbed and 
thus, the work, W 2 , is done by the system at the expense of 
internal energy, i. e. , the temperature of the system falls Ixom 
temperature T 2 to temperature Tj. 

AE = -W2=-Cy{T2-T,) ...(ii) 

Third operation—Isothermal reversible 
compression 

The gas at point C is subjected to reversible isothermal 
compression at temperature F,. The path followed is CD when the 
volume decreases fromF 3 to F 4 (point D). In this operation work 
is done on the system and heat is given out by the system to 
surroundings. 

V 

-qi = Wj =RTy log^ ... (iii) 

Fourth operation—Adiabatic reversible 
compression 

Finally, the gas at point D is subjected to reversible adiabatic 
compression through the path DA at temperature F,. The volume 
changes from F 4 to F,, i. e., the original volume is restored. The 
temperature increases from Fj to F 2 (original temperature). The 
work done increases the internal energy of the system as ^ = 0 . 

W 4 = Cf.(F 2 -F,) ...(iv) 

The net heat absorbed, q, by the ideal gas in the cycle is given 

9 = 92+(-9i) = .«T 2 log, ^ + i?Fi log^ ^ ' 

= iJF2log,^-/?Filog,^ , ...(V) 

M F 4 


According to the expression governing adiabatic changes, 


Vi. 


(For adiabatic expansion) 
(For adiabatic compression) 


or 


or 


V 2 Vy 


Vl V 4 


y 3 

Substituting the value of — in eq. (v), 

^4 

q^q 2 -qy=RT 2 \ 0 %J-^-RT, log, 


F, 


■Wi -T'l )log. 


Similarly, net work done by the gas is given by 

W = — Wj — W2 + W3 -+ ^4 


(Vi) 
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= RT.2\og/^^-Cy(T^~T,) 

+ RT, log^^-c^r^-r,) 

= RT^\og,^-RT, log,^ 

*■^1 M 

F, F, 

= RT^\og,^-RT, log,-A 

n 

= R(Tj-T,)log,^ ,..(vii) 

Thus, q = H'. For cyclic process, the essential condition is that 
net work done is equal to heat absorbed. This condition is 
satisfied in a Carnot cycle. 

Calculation of thermodynamic efficiency of 
Carnot engine 

Total work done from eq. (vii), 

w=/?(7’2-r,)iog,^ 

and the heat absorbed at temperature T 2 from eq. (i), 

^2 =RT 2 log, ^ 

^ 1 


Dividing both equations, 
w T 

— = — - - = Thermodynamic efficiency 

^2 


Thus, the laiger the temperature difference between high and 
low temperature reservoirs, the more the heat converted into 
work by the heat engine. 

•T’l 


Smce, — 


< 1, it follows that w < f 2 ■ This means that only 


a part of heat absorbed by the system at the higher temperature is 
hansformed into work. The rest of the heat is given out to 
surroundings. The efficiency of the heat engine is always less 
than 1. This has led to the following enunciation of the second 
law of thermodynamics. 

It is impossible to convert heat into work without 
compensation. 

Example 95. Calculate the maximum efficiency of an 
engine operating between 100° C and 25° C. 


Solution: Efficiency ^ 


r, =100 + 273= 373 K 
r, =25+273 = 298K 

Efficiency = . = 0.20 = 20% 

373 373 


, Example 96. Heal supplied to a Carnot engine is 453.6 
kcal. How much useful work can be done by the engine which 
works between 10° C and 100° C? 

Solution: T 2 = 100+ 273 = 373 K; T,.= 10+ 273 = 283K; 


?2 =453.6 X 4.184 = 1897.86 kJ 
We know that, 


W = 92 


T 2 -T 1 


1897.86 X 


(373-283) 


1897.86x90 

373 


373 

457.92 kJ 




54 . 


55 . 


56. 


For which of the following reactions, the entropy change will 
be positive? [JEE (WB) 2008) 

(a) H2(g)+l2(g)^2HI(g) 

(b) HCl (g) + NHjCg)^ NH 4 a (s) 

(c) NH 4 NO 3 ( 5 ) ;f=^ N,0 (g ) + 2 H 2 O (g ) 

(d) MgCKs) + H 2 (g) ^ Mg (s) + HjO (/) 

[Ans. (c)] 

[Hint: An^ = 3-0 = 3, 

Since An^ >0, there will be increase in entropy change.] 

If an endothermic reaction occurs spontaneously at constant 
temperature T and pressure P, then which of the following is 
true ? (VITEEE 2008) 

(a)AG>0 (b)A//<0 (c)AS >0 (d)A5 <0 

[Ans. (c)] 

[Hint. AA" — AAgygigi,, + 


Ag > 0 for spontaneous process.] 

Which is the correct expression that relates changes of 
entropy with the change of pressure for an ideal gas at 
constant temperature, among the following ? 

[PET (MP) 2008) 

(a) M = nRT In ^ (h)AS =T (P^ - P,) 

Pi 


fp 1 


fp 1 

* I 

(d) AS = 2.303 nRT In 


Vp2y 



[Ans. (c)] 

pint: From first law, AU = g~W 


0=g-W (for isothermal process) 

q = W = pdV 



PdV 

T 


dS = nR 


dV_ 

V 


On integration, 


AS ~ nR In 




. Since p F, = P 2 V 2 according to Boyle’s law.) 


AS = nR In 
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Miscellaneous Numerical Examples 


Example 1. Bond dissociation enthalpies of H 2 ig) and 
N 2 (g)are 436.0 kJ mdr^ and 94\.% kJmoF^ and enthalpy of 
formation of NH-^ig) is -46 kJ moF^. What is enthalpy of 
atomization ofNHj (g) ? What is the average bond enthalpy of 
N—Hbond? 

Solution: N 2 (g) + 3 H 2 (g)-> 2 NH 3 (g); 





Mi 2 - A//, 
T2-Tx 

AH 2 -(-11.02) 
773-298 

A//, 


:ACf 


= (8.38--X 696- 


■ 13.6kcal mol 


-x6.89)xl0"^ 


A77 = -2x46kJ/mol 
A// = 2(BE)„ -2(BE)p 

= (941.8+3 X 436)- (6c)= -2x46 

(Here, x = BE of N— H bonds) 
x = 390.3 kJmor' 

NH 3 ->N+3(H) 

Heat of atomization = 3 x 390.3 = 1170.9 kJ mol"* 


Example 4. The heat of combustion of glycogen is about 
476 kJ/mol of carbon. Assume that average rate of heat loss by 
an adult male is 150 watt. If we were to assume that all the heat 
comes from oxidation of glycogen, how many units of glycogen 
(1 mole carbon per unit) must be oxidised per day to provide for 
this heat loss? 

Solution: Total energy required in the day 


^ 150x24x60x60 

1000 

= 12960kJ 


kJ 


(1 watt =Jsec ’) 


Example 2. Ethanol was oxidised to acetic acid in a 
catalyst chamber at 18°C. Calculate the rate of removal of heat 
to maintain the reaction chamber at 18 ° C with the feed rate o/30 
kg per hour ethanol along with excess oxygen to the system at 
18° C, given that a 42 mole per cent yield based on ethanol is 
obtained. Given that, 

AHfHjpii) = - 6B.4 kcal moF^ 

^fC 2 H^H(i) =-66kcalmol ' 

^fCH^cooH (!) = - ^l^kcal mol 
Solution: CjHjOH + Oj-^ CH 3 COOH + H^O 


A//= HHf )p - HHf )p = (-118- 68.4)- (- 66 ) = -120.4 kcal 
Yield is 42%. Thus, energy produced per hour will be 


120.4 X 42x 30000 
100x46 


= 32979.13 kcal hour"' 


Example 3. The standard heat of formation listed for 
gaseous NH^ w -11.02 kcal/mol at 298 K. Given that at 298 K, 
the constant pressure heat capacities of gaseous N 2 , H 2 and 
NH 2 are respectively 6.96, 6.89, 8.38 cal/mol. Determine 

'^imK A /7773 for the reaction. 

Solution: ^N2(g) + |H2(g)-^NH3(g) 

Mi2nK =n.Hf)p-nHf)e =(- 11 . 02 - 0 ) 

= -11.02kcalrtK)r' 


Units of glycogen required = — = 27.22 units 

476 

Example 5. At 25° C, the following heat offormations are 
given: 

Compound SOiig) H20il) 

Mi} U/mol -296.81 -285.83 

For the reactions at 25° C, 

2//2 S' (g) + Fe{s) - —> E-eS 2 (r) + 21^2 (g); A// ° = -137 Ulmol 
^ 2 ^(g) + ^ 02 (g) > H20{1) + SO 2 (g); A//“ = - 562 Ulmol 

Calculate heat of formation of H 2 S{g)and FeS 2 (s)at 25° C. 
Solution: Heat of fomaation of H 2 S = x kJ / n»l 

Heat of formation of FeS 2 = y kJ/ mol 

2 H2S(g) + Fe(s)-^ FeSj (s) + 2 H 2 (g); AH° = -137 kJ/mol 

-137=y-2x ...(i) 

H 2 S(g) + ^ O 2 (g)-> H20(/) + SO 2 (g);AEr° = - 562 kJ/mol 

-562 = -285.83-296.81 -X ... (ii) 

From eq. (ii), x = - 20.64 kJ mol”' 

From eq. (i), we get 

y = 2x - 137 = 2(- 20.64) - 137 = -178.28 kJ mol”’ 
AiZ/H^s = 20.64 kJ/irol 
MI j- pgSa =“178 kJ/iiK)! 
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Example 6 . The "heat of total cracking” of hydrocarbons 
is defined as AH at 298.15 K and 101.325 kPafor the 
process below: 

C„H„ + [2« - (g)-> nCH,(g) 

Given that, AHj-c is - 65.2 Ufor CjH^ and - %lA ,kJfor 
CjHp calculate AH for 

CH, {g)+C,H,{g) -> IC^H, (g) 

Solution: AHjq of CH 4 =0 

CH4(g) + C3Hg(g)->2C2H,(g) 


AH = 2AffTc(C2H6)- AffxcCPsHs ) 

= 2(-65.2)-(-87.4) = -43 kJ 

■ Example 7. A constant pressure calorimeter consists of an 
insulated beaker of mass 92 g made up of glass with heat 
capacity 0.75 J K~^ g”*. The beaker contains 100 mL oflM 
HClat22.6°Ctowhich 100 mLoflMNaOHat23A°Cisaaded. 
The final temperature after the reaction is complete at 29.3° C. 
What is AH per mole for this neutralization reaction? Assume 
that the heat capacities of all solutions are equal to that of same 
volumes of water. 


Solution: 


Initial average temperature of the acid and base 

^ 2Z6+2^^23 0°c 


Rise in temperature = (29.3 - 23.0) = 6.3° C 
Total heat produced =(92x 0.75 + 200x 4.184) x 6.3 
= (905.8) X 6.3 = 5706.54 3 

Enthalpy of neutralization =- x lOOOx 1 

100 

= -57065.4 3 =-57 kJ 

Example 8 . 02^4 + Cf -> 

AF = -270.6fc/ too/ K A5 =-139.«“' 

( 2 ) Is the reaction favoured by entropy, enthalpy both or 
none? 


( 21 ) Find AGifT = 300 K [CBSE (Mains) 2005] 

Solution: (i) Since, AH = - ve, exothermic process and is 
favoured, i. e. , it will be spontaneous. 

(ii) AG^AH-TAS 

= -270.6 X 1000- 300 X (-139) 

= -2289003 
= -228.9 kJ 

Example 9. Find bond enthalpy of S — S bond from the 
following data: 

C 2 // 5 —S—C 2 // 5 ; Aff} =-147.2 fc/mor' 

C 2 // 5 —S —S'—C 2 // 5 ; Aff} =-201.9 2 k/mo/-' 
5(g); AH} = 222.9, kJ moF^ 


Solution: 

H H H H 

I I 1 I 

4C(5)+ 5 H 2 + S-> H—C—C—S—C—C—H 

H H H H 

H H H H 

II 11 

4C(s) + 5 H 2 + 2S-^ H—C—C—S—S—C—C—H 

H H H H 

A// = 2:(BE)s -S(BE);p 

(i) - 147.2 = Heat of atomization of 4C, lOH, IS 

-BE of 10(C— H), 2(C— S), 2(C— C) 

(ii) - 201.9 = Heat of atomization of 4C, lOH, 2S 

-BE of 10(C—H), 2(C— S), 2(C—C),(S— S) 
Subtracting (i) from (ii), 

- 201.9+ 147.2= Heat of atomization of IS - BEof (S—S) 

= 222.8k3-BEof (S—S) 

BEof (S—S) = 277.5 k3 

‘ ' Example 10. A natural gas may be assumed to be a 
mixture of methane and ethane only. On complete combustion of 
10 litre of gas at STP, the heat evolved was 474.6 kJ. Assuming 
(g ) = - 894 fc/ mo/ ■’ and C 2 H^=-\ 500 kJ. 

Calculate the percentage composition of the mixture by volume. 

Solution: 

jc litre->CH 4 ; moleof CH 4 =j;:./22.4 

(10- x) litre-^ C 2 H 6 ; mole of CaHj = (10 - x)/ 22.4 

X (10 -x) 

Heat evolved =-x 894 +-x 1500 

22.4 22.4 

474.6 = X 894 + ^ ’ x 1500 

22.4 ' 22.4 

x = 0.745, %CH4=74.5% 

Example 11. From the data at 25° C: 

Fe20^ (s) + 3C(g„pA,-te)-^ 2Fe(s) + 3CO(g); 

AH° = 492.6 kJ/mol 

FeOis) + ^ Fe(s) + CO(g); AH° = 155.8 U/mol 

C(^.phue) +02ig) -> CO 2 (g); AH° = - 393.51 kJ/mol 

CO(g) + |o 2 (g)-> CO 2 (g); AH° = - 282.98 kJ/mol 

Calculate standard heat of formation ofFeO(s)and FcjO^ (s). 

Solution: 

Fe(s) + CO(g)- > FeO(s) + C(graphite); 

Afl'° = -158.88 kJ/mol 


Chemical Thermodynamics And Thermochemistry 


C(graphite) + 02 (g) -^COzCg); 


COjXg)- 


On adding Fe(s) + - O 2 (g) - 


Mf° = -393.5 kJ/mol 


.C0(g) + |02(g); 

_ Ag° = 282,98 kJ/mol 

-FeO(s); A//= - 266.3 kJ/mol 


Similarly we may calculate heat of formation of Fe 203 . 
Example 12. Calculate, the AH at 85° Cfor the reaction: 
Fef), (s) + 3/^2 (g ) 2Feis) + 3H^Oil) 


The data are: AHZ 


■33.29 kJ!mol and 


Substance Fe20^{s) Fe{s) H 2 OQ) 

ClJ/Kmol 103.8' 25.1 75.3 28.8 

Solution: Fe 2 Q 3 (s) + 3H2-^2Fe + 3H20 

ACp = {Cp )p - (Cp )p 

= (2 X 25.1 + 3 X 75.3) - (103.8 + 3 X 28.8) 
= 276.1-190.2 = 85.91 


= 85.9X10- 

358-298 

Affjsg =-28.14 kJ/mol 

Example 13. The standard heats of formation at 29^ Kfor 
CCUig). H20(g). C02(g) and HCl{g) are -25.5,-57.8, 
- 94.1 and - 22.1 kcal mol respectively, calculate k 
the reaction: 

. CCkig) + 2H20ig) - >C02ig)+4HCl(g) 

[BCECE (Mains) 2005| 

Solution: 

A/7 reaction ~ ^ Heat of formation of products 

-E Heat of formation of reactants 
= [ AHy^Q^) + 4 AHf (Hci) ] - [ A //f (ca4) + 2 A//y ] 

= [- 94.1 + 4 X (- 22.1)] - [- 25.5 + 2 X (- 57.8)] 

= -41.4 kcal 

Example 14. Calculate Q,W,AE and AH for the 
isothermal reversible expansion of 1 mole of an ideal gas from an 
initial pressure of 1.0 bar to a final pressure of 0.1 bar at a 
constant temperature of273 K. (IIT 2000) 

Solution: In isothermal process as temperature remains 
constant both AE and AH are zero. 

A£: = 0; AH = 0 

Applying first law of thermodynamics, 

AE = W + Q 
0=W + Q 


2.303 nRT log 


= -2.303x1x8.314x273 log 


= 5227,1691 =5.227 kJ 

Example 15, A sample of argon at 1 atm pressure and 
27° C expands reversibly and adiabatically from 1.25 dm^ to 2.50 
dm^. Calculate the enthalpy change in this process. Cy„,_ for 
argon is 12.48 J K mol . (HX 2000 ) 

Solution: Number of moles of argon present in the sample 
PV 1.25x1 


RT 0.0821x300 


: 0.05075 


For adiabatic expansion. 


=188.55 K 
Cp=Cy+R 
= 12.48+8.314 
= 20.794 JK“' mol"' 

AH = nxCpXAT 

= 0.05075 X 20.794 x (300- 188.55) 
= 117.6J 


Example 16. Show that the reaction, 


CO{g)y A Oj(g)- 

\ 2 } 


>C02{g) 


at 300 K is spontaneous and exothermic, when the standard 
entropy change is - 0.094 kJ mol JT”*. The standard Gibb's 
free energies of formation for CO 2 and CO are - 394.4 and 
- 137.2 fc/ mol~^ respectively. (IIT 2000) 

Solution: The given reaction is, 

CO(g) + fiK(g) ->C02(g) 


CO(g) + ^^J02(g)- 
AG ° (for reaction) = Gqq 


= -394.4- (-137.2)-0 
= -257.2kJmor' 

AG° = AH°-TAS° 

- 257.2 = AH° - 298 X (0.094) 
or A//“ = -288.2 kJ 

AG ° is - ve hence the process is spontaneous, and AH ° is 
also -ve, hence the process is also exothermic. 

; ; Example 17, Diborane is a potential rocket fuel which 
undergoes combustion according to the reaction, 
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5 j//, (g) + 3 O 2 (g) — >B20,(s)+ 3H20(g) 

From the following data, calculate the enthalpy change for the 
combustion of diborane: 

HfOil) ->//20(g);(AJ? = 44 kJ mol ) ...(jii) 

25(5) + 3/^2 (g)-^ (g); (A// = 36 fc/ mo/ . (zv) 


(IIT 2000) 

Solution: The required equation, 

B 2 H 6 (g)+ 302 (g)-^ 6203 ( 5 )+ 3H20(g) 

can be obtained from 

eq. (i) + 3eq. (ii) + 3eq. (iii) - eq. (iv) 

= - 1273-858+ 132-36 
= - 2035kJmor' 

i. e., Enthalpy of combustion of diborane is -2035 kJ mor*. 

Example 18. An insulated container contains 1 mole of a 
liquid, molar volume 100 mi at 1 bar. When liquid is steeply 
passed to 100 bar, volume decreases to 99 mi. Find Mi and AU 
for the process. fllT 2004 (Memory based)] 

Solution: From first law of thermodynamics: 

AU = q-¥W 

AU=q + P AU = 0+{-m{99-m)} 

= 100 bar mL 

AH = At/+(52^2 --Pi^i) 

= 100 + (100x99-lx 100) 

= 9900 bar mL 


Example 19. In the following equilibrium: 
iV2t>4te)^2A/02(g) 

when 5 mole of each are taken and temperature is kept at 298 K, 
the total pressure was found to be 20 bar. 

Given: AGy/V 2 O 4 = 100/tt 

ACff NO2=50k/ 

(/) Find AG of the reaction at 298 K. 

(ii) Find the direction of the reaction. 

(IIT 2004 (Memory based)] 

Solution: The reaction is: 

N204(g)^2N02(g) 

Since, number of moles of both N 2 O 4 and NO 2 are same 
hence their partial pressure will also be same. 

_ 20 

5nj04 - PnOj - TT = 


lObar 


Qp 




= 10 bar 


ag:^«=2ac^no2-ag5.N204 


= 2 x 50-100 = 0 

We know that, AG = AG° - 2.303 RT log Q 

= 0-2.303x8.314x298 log 10 
= -5705J 

Since, AG is negative hence reaction will be spontaneous in 
forward direction. 

Example 20. When \-pentyne (^4) is treated with AN 
alcoholic KOH at 175°C it is slowly converted into an 
equilibrium mixture of 1.3% of \-pentyne (A), 95.2% 1-pentyne 
(B) and 3.5% of 1,2-pentadiene (C). The equilibrium was 
maintained at 175°C. Calculate AG°for thefollowing equilibria: 


B^A; AG°=? 

aG2=? 

From the calculated value of AG° and AG\ indicate the order of 
stability of (A), (B) and (C). Write a reasonable reaction 
mechanism showing all intermediates leading to (^), (B) and 
(C). ( 11 X 2001 ) 

Solution:Pentyne-l .— Pentyne-2+ 1,2-pentadiene 

(A) (S) (C) 

1.3 95.2 3.5 


K 


eq 


mic] 

[A] 


95.2x3.5 

1.3 


256.31 


[5] 256.31 


for 


AG° =-2.303/?riog a:, 

= - 2.303 X 8.314 x 448 log 0.013 
= 161781= 16.178 kJ 


B^=^C 

^ AC]_ K^[A] 

[5] [Bf 


^^^ = 0037 
(95.2)2 


AG °2 =~2.303RTlogK2 

= - 2.303 X 8.314 X 448 log 0.037 
= 122821= 12.282 kJ 


Stability will lie in the order 

B>C> A 

- Example 21. Two moles of a perfect gas undergo the 
following process: 

(а) A reversible isobaric expansion fmm (1 atm 20 i) to (1 atm 
40i). 

(б ) >4 reversible isochoric change of state from (1 atm 40 i) to 
(0.5 atm 40 i). 

(c) A reversible isothermal compression from (0.5o»w 40i)to 
(laftn20i). 

(i) Sketch with labels each of the process on the same P-V 
diagram. 
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(«) Calculate the total work (W )and the total heat change 
(q) involved in the above process. 

(Hi) What will be the value of AU, AH and AS for the overall 
process? (IIT 2002) 

Solution: 



Volume —► 


AB —> Isobaric process 
BC -> Isochoric process 
CA Isothenml conpression 

Total work 


= -PxAF+0 + 2.303 nRT log 




= -1x20x101.3 + 0 

f 40 "^ 

+ 2.303x2x8.314 XT log 1^1 ...(1) 

PV = nRT (At A) 

Ix20 = 2 x 0.0821xr 
20 

r =- tl -= 121.8K 

2x0.0821 


Fromeq. (1), 

Total work = - 2026 + 2.303 x 2 x 8.314 x 121.8 log 2 
= -622.06 J 
1T = ^ = -622.06J 
In cyclic process: 

A[/ = 0,Alf = 0andA5=0 


Summary and Important Points to Remember 



1. Thermodynamics: It is the branch of science which 
deals with all changes in energy or transfer of energy that 
accompany physical and chemical processes. It is not concerned 
with the total energy of body but only with energy changes taking 
place. The laws of thermodynamics apply only to matter in bulk, 
i.e., to macroscopic system and not to individual atoms or 
molecules. 

2. Terms used in thermodynamics: 

(a) System, surroundings and boundary: a system is 
defined as a specified part of the universe which is under 
experimental investigation and the rest of the universe which can 
interact with the system is surroundings. Anything which 
separates system and surroundings is called boundary. It may be 
real or imaginary, conductor or non-conductor. 

(b) Types of system: There are three types of system: 

(i) Isolated system is one which has no interaction with its 
surroundings. The boundary is sealed and insulated. Neither 
matter nor energy can be exchanged with surroundings. 

(ii) Closed system is one which can exchange energy but not 
matter with surroundings. (iU) Open system is one which can 
exchange matter as well as energy with surroundings. A system is 
said to be homogeneous if it is made of one-phase only. A system 
is said to be heterogeneous when it cpnsists of two or more 
phases. 

(c) Thermodynamic properties: These are of two types: 
(i) Intensive properties are those which do not depend upon the 
quantity of matter present in the system such as pressure, 
temperature, specific he^i surface tension, viscosity, melting and 


boiling points, etc. (ii) Extensive properties are those whose 
magnitude depends upon the quantity of matter present in die 
system such as volume, total energy, enthalpy, entropy, etc. 

(d) State variables: The fundamental properties which 
determine the state of the system are termed state variables. The 
change in state property depends only upon the initial and final 
states of the system, i.e., do not depend on the path followed. 
Pressure, volume, temperature, internal energy, enthalpy, entropy, 
force, energy and number of moles are the state variables. 

(e) Thermodynamic equilibrium: A system in which the 
fundamental properties do not undergo any change with time is 
said to be in thermodynamic equilibrium. Actually the system 
should be in thermal equilibrium, mechanical equilibrium and 
chemical equilibrium. 

(f) Thermodynamic processes: When the system changes 
from one state to another, the operation is called a process. The 
various types of processes are: 

(i) Isothermal; Temperature remains fixed, i.e., dT = 0. 
This is achieved by placing the system in a thermostat. 

(ii) Adiabatic: When no exchange of heat occurs between 
the system and surroundings, i.e., the system is thermally isolated 
(dq = 0). 

(ili) isobaric: Pressure remains constant throughout the 
change, i.e., dP = 0. 

(Iv) Isochoric: Volume remains constant throughout the 
change,/.e., r/F = 0. 
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(v) Cyclic: When a system undergoes a number of different 
processes and finally returns to initial state, = 0 and dH = 0 

(vi) Reversible: A process which occurs infinitesimally 
slowly and at every small change it is virtually in a state of 
equilibrium. It takes infinite time. 

(vii) Irreversible: When the process goes fi-om initial to 
final state in single step in finite time. All natural processes are 
irreversible. 

3. Nature of work and heat: Work is a mode of transfer 
of energy to or fi-om a system with reference to surroundings. If 
an object is displaced through a distance dx against a constant 
force F, then the amount of work which has to be done is equal to 
F xdx. The mechanical work or pressure volume work is equal to 
^ext (Vi ■^Vi)otPx dV. The work done on the system increases 
its energy while work done by the system decreases its energy. 
On this basis, the work done has the sign convention. 

Work done by the system = - w 
Work done on the system = + w 

The unit of work is erg. It is very small. The bigger unit is 
Joule or kilojoule. 

1 Joule = 1 o’ ergs; 1 kJ (kilojoule) = 10001 


Heat is the quantity of energy which flows between system 
and suiToundings on account of temperature difference. It is equal 
to m X s X At where m is the mass, s is the specific heat and At is 
the temperature difference. The sign convention for heat is: 

Heat gained by system =+q 
Heat lost by system=-g 

The unit of heat is calorie (cal). Since, heat and work are 
. -rrelated the SI unit of heat is Joule. 

1 Joule = 0.2390cal 
1 calorie = 4.184 J 
T, Ikcal =4.184 kJ 

llitre-atm = l(}l.3J= 1.013 X10® erg =24.206cal 


4. Internal energy: Sum of all forms of energy that a 
system possesses is termed internal energy. It is denoted by E. It is 
an extensive property. It is also a state property. 

^ ~ -^translational -^rotational -^vibrational ^ ^bonding 

■^'electronic 

The internal energy of a particular system is a definite quantity 
but it is impossible to determine its exact value. It is a state 
function. In thermodynamics, one is concerned only with energy 
change which occurs when the system moves from one state to 
another, i.e., AE = Ej- - Ej. AE is +ve ifEy > £,- and negative if 
Ej <E,.AE does not depend on the path by which final state is 
achieved. For a cyclic process, AE = Q. 

5. First law of thermodynamics: Energy can neither be 
created nor destroyed but it can be converted from one form to 
another. 


Or 

The energy of the universe is constant. 
Or 


Total energy of an isolated system remains constant, though it 
may change from one fom to another. 


When heat energy (q ) is given to a system and work (w) is also 
done on it, its energy increases from E^ to £ 2 - 

E 2 =-Ei+q-\:w or E 2 -E^=q-¥w or AE = q-¥w 

In case heat eneigy {q) is given to a system and work (w) is 
done by the system then 

AE = q + (-w) = q-w 

6. Enthalpy or heat content; The quantity E + PV is 
knovm as enthalpy or heat content. It is denoted by H. It 
represents the total energy stored in a system. 

AE = q-P{V 2 -V^) or E 2 - Ei=.q - Py 2 + PV^ 
or iE 2 +P 2 V 2 )~iEi+P,y,)=q or H 2 -H,=q 
or AH = q or AE + PAV = AH = qp 
when V 2 =Vi, i.e., AV= 0,AE = qy 

qy+ AnRT = qp in the case of gases 
where, An = total number of moles of products - total number 

of moles of reactants 

7. Heat capacity: It is the quantity of heat required to 
raise the temperature of the system by one degree. 

dq 

Heat capacity = 

In the case of gases, 

Cy (at constant volume) = 

= Molar heat capacity at constant volume 
and C p (at constant pressure) = 

= Molar heat capacity at constant pressure 
Cp-Cy=R 

8. Isothermal expansion of an ideal gas: The expansion 
in an ideal gas at constant temperature can be done reversibly or 
irreversibly. 

w = Work done by gas in reversible expansion 

= - 2.303«^r log ^ = - 2.303K^r log ^ 

Pi 

f = Heat absorbed from surroundings 

= -w=2.303ni?riog''^ 

F, 

w = Work done by gas in irreversible expansion 

= -Pe.t(y2-Vi) 

Maximum work is done in reversible isothermal expmsion. In 
isothermal process, AE = 4 ) and A/f = 0. 

Adiabatic expansion of an ideal gas: q in the process is 
zero, hence AE = w. Work is done by the gas during expansion at 
the expense of internal energy. In expansion, AE decreases while 
in compression AE increases. 

AE = w = Cy xAT 


M') ■ 

drip 
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The value of AT depends upon the process whether carried 
reversibly or irreversibly. The following relationships are 
followed by an ideal gas under adiabatic conditions; 


PV ^ = constant 



(t 

^1 

Y 


! 

1 


UJ 


1^2 J 

■ 

1^1 J 


9. Joule-Thomson effect: The phenomenon of producing 
lowering of temperature when a gas is made to expand 
adiabatically from a region of high pressure into a region of low 
pressure, is known as Joule-Thomson effect. This effect is 
observed below the inversion temperature of a gas. The inversion 
temperature of a gas depends upon the van der Waals’ constants 
of a gas. It is expressed in terms of vap der Waals’ constants ‘a’ 
and ‘h’ as; 


10. Thermochemistry: It is concerned with heat changes 
accompanying physical and chemical transformations. It is also 
termed as chemical energetics. It is based on the first law of 
thermodynamics. Iffi, and £2 represent total energies associated 
with reactants and products respectively, three cases may arise; 

Case I: = £’ 2 - Neither heat is evolved nor absorbed. Such 
reactions are very rare. . 

Case II: £[ > £ 2 . The difference (£1 - £ 2 ) of energy will be 
evolved, i.e., heat is evolved. 

Case III: < £ 2 . The difference (£2 - £; )of energy will be 
absorbed, i.e., heat is absorbed. 

11, Exothermic reactions: Reactions which opcur with 
evolution of heat 

^products ^ ^reactants > ~ ve 

Endothermic reactions: Reactions which occur with 
absorption of heat 

■^products ^ ^reactants’ i.e., A/^ — + ve 


Sign conventions 

9 

A£ 

Ml 

Exothermic 

(-) 

(-) 

(-) 

Endothermic 

(+) 

(+) 

(+) 

12. Heat of reaction 

or 

enthalpy 

of reaction: The 


amount of heat evolved or absorbed when quantities of the 
substances indicated by chemical equation have completely 
reacted, it is represented as Ml. 

Enthalpy of reaction = 2 reactants 


13. Heat of formation or enthalpy of formation: It is the 
amount of heat evolved or absorbed when one gram mole of 
substance is directly obtained from its constituent elements. It is 
represented as Ml^. 

If all the substances of the chemical reaction are in their 
standard states {i.e., at 25° Cor 298 K and one atmospheric 
pressure), the heat of reaction or formation is called standard heat 
of reaction or formation respectively. These are denoted as A//° 

or A//^ respectively. The enthalpies of free elements at standard 

conditions are taken arbitrary as zero. 

The compounds which have positive enthalpies of formation 
are called endothermic compounds (less stable) and which have 
negative enthalpies of formation are called exothermic 
compounds (stable). 

.14. Heat of combustion or enthalpy of combustion: It is 
the amount of heat evolved when one mole of the substance is 
completely oxidised. It has a number of applications: 

(i) Determination of calorific values of foods and fijels. 

(ii) Enthalpy of formation can be determined by application 
of Hess’s law. 

(iii) Structural problems can be evaluated. 

15. Enthalpy of hydrogenation: The enthalpy change 
associated when one mole of an unsaturated organic compound is 
fully hydrogenated. 

16. Enthalpy of solution: The amount ofheat evolved or 
absorbed when one mole of the substance is dissolved in excess 
of water so that further dilution does not bring any heat change. 

17. Enthalpy or heat of neutralisation: The amount of 
heat evolved when one gram equivalent of an acid is neutraliiicd 
by one gram equivalent of a base in dilute solution. Heat of 
neutralisation of a strong acid against a strong base is always 
constant, i.e., 13.7 kcal or 57.1 kJ. It is due to common reaction 
between H ^ and OH ' ions. The heat of formation of water from 
these ions is 13.7 kcal. 

H ^ + OH" —^ H 2 O; MI = - 13.7 kcal 

In the case of weak acids and weak bases, the heat of 
neutralisation is always less than 13.7 kcal because some of the 
evolved heat energy is utilised in bringing about complete 
ionisation of acid or base in solution. 

18. Enthalpy of fusion: Heat absorbed in converting one 
mole of solid into liquid at its melting point. 

19. Enthalpy of vaporisation: Heat absorbed in 
converting one mole of a liquid into its vapours at its boiling 
point. 

Enthalpy of sublimation: Heat absorbed in converting one 
mole of solid directly into its vapour. 


The factors which affect the magnitude ofheat of reaction are: 
(i) Physical state of reactants and products, (ii) Allotropic 
forms of the elements (iii) Reaction carried at constant pressure 
or constant volume {Ml = A£ + AnRT) (iv) Enthalpy of solution 
(v) Temperature at which the reaction is carried out. 


20. Laws of thermochemistry: 

(i) Lavoisier and Laplace law: The heat which is required 
to break a compound into its elements is equal to the heat evolved 
during its formation from its elements. 

^^decomposition ~ ~ Mlj- 



480 


G.R.B. Physical Chemistry For Competitions 


(ii) Hess’s law (the law of constant heat summation): If a 
chemical reaction can be made to take place in a number of ways 
in one or in several steps, the total change is always the same, i.e., 
heat change depends upon the initial and final stages only and 
independent of intermediate steps. The thermochemical 
equations can be added, subtracted or multiplied by a number to 
obtain a desired equation. 

21. Bond energy: The energy required to break one mole 
of bond of a particular type is termed bond dissociation energy. It 
depends upon the nature of bond and also the molecule in which 
the bond is present. The bond energies can be used for 
determining heats of reactions. 

[Heat of reaction = Sum of bond energies of reactanis 

- Sum of bond energies of products] 

The bond energies can also be used for determining resonance 
energy. 

Resonance energy = Observed heat of formation 

- Calculated heat of formation 

22. Experimental determination of heat of 
reaction: The apparatus used is called calorimeter. Two of the 
common types of calorimeters are: (i) Water calorimeter (ii) 
Bomb-calorimeter. The principle of measurement is that heat 
given out is equal to heat taken, i.e., 

e = (ir + m)xsx(r2-Ti) 

where, W = Water equivalent of the calorimeter, m = mass of the 
liquid, s = its sp. heat, T 2 = final temperature and 'fi = initial 
temperature. 

23. Spontaneous process: A process which proceeds of 
its own accord without any outside help is termed spontaneous 
process .All natural processes proceed spontaneously and are 
thermodynamically irreversible. 

Driving force: It is the force which makes the process to 
occur by itself. It is the resultant of two basic tendencies; 

(i) Tendency to attain a state of minimum energy. 

(ii) Tendency to attain a state of maximum randomness. 

The disorder or randomness in a system is measured in terms 

of a thennod 3 mamic property known as entropy. The absolute 


value of entropy cannot be determined. The change in entropy is 
denoted by A5. 

_ ? reversible 

T 

where, q is the heat supplied at temperature T. 

M = + indicates increase in randomness whereas, tsS = - 
indicates the decrease in randomness. 

24. Free energy: Free energy change, LG, was introduced 
by Gibbs. The Gibbs-Helmholtz equation is: 

LG = AH-TLS or G = H~TS 

~ Gj-gaqtants 

where, G is known as free energy. This is the maximum energy 
available to a system during a process which can be converted 
into useful work. 

Negative value of AG indicates that the process is 
spontaneous. Zero value means that there is a state of 
equilibrium. 

25. Second law of thermodynamics: It is impossible to 
construct a machine that is able to convey heat by a cyclic process 
from a colder to a hotter body unless work is done on the machine 
by some outside agency. 

Or 

Work can always be converted into heat but the conversion of 
heat into work does not take place under all conditions. 

26. Carnot cycle: It demonstrates the maximum 
convertibility of heat into work in a theoretical and an imaginary 
cycle. 

Thermodynamic efficiency = — = ^ —5. 

The efficiency of a heat engine is always less than 1, 

27. Third law of thermodynamics: The entropy of all 
pure crystals is zero at the absolute zero of temperature. 
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Questions 


Matrix-Matching Problems (For IIT Aspirants): 

[A] Match the List-I with List-II: 


[E] Match the reactions in Column-I with relations of 
Column -II: 


List-I 


List-II 


(a) Msys,^>0 (p) Spontaneous 

(Isolated system) 


Column-I 

(Reaction) 


Column-II 

(Relation) 


(a) (g) + CI 2 (g) 2HCl(g) (p) AH = AU + RT 


(b) AG<0 

(C) =: 0 

(d) (AG)jy>0 


(q) Non-spontaneous 
photochemical reaction 

(r) Equilibrium 

(s) Non-spontaneous 


[B] Match the Column-I with Cblumn-II: 

Column-I Column-II 

(a) Isothermal pr(K:ess (p) W = 2.303nRT log 
(reversible) 

(b) Adiabatic process (q) PV'' = constant 




(b) N 2 (g)+ 02 (g)^ 2 NO(g) (q)A/f=AC/ 

(c) Hj (g ) + I 2 (g ) 2HI(g ) (j) AH=AU-1RT 

(d) N 2 (g) + 3 H 2 (g) 2 NH 3 (g) (s) Forward shift by 

increasing pressure 

[F] Match the processes of Column-I with entropy or enthalpy 
changes in Column-II: 

Column-I Column-II 

(a) N 2 (g)+ 02 (g)-> 2 NO(g) (p) A5=0 


„D (y 

(c) = J!fL (fj _ 7 ;) (r) lf' = 2.303ngnog p- 

r -1 

(d) Irreversible isothermal (s) fV = - (F 2 - Fj) 

process 


(b) 2Kl(<iq .) - 1 - Hgl 2 (aq ,) -> (q) A5 < 0 

K2[Hgl4](ug.) 

(c) PCl 3 (g) + Cl 2 (g)-^PCyg) (r) AH>0 

(d) NH 3 (g)+HCl(g)-^NH 4 Cl( 5 ) (s) AH <0 


[C] Match the physical properties iq^ist-I with their relations 
in List-II: 


List-I 

(Quantity) 


List-II 

(Relation) 


(a) AG 


(p) -nFE or - nF£° 


(b) AG” iq) AH-T AS 

(c) IT or (r) -AT log, A 


(d) AS“ (s) 2.303nglogio 

[D] Match the Colunm-I with Column-II: 


r 


V 




Column-I Column-II 

(Gas) (Thermodynamic property) 


(a) O 2 


(p) y = 1-4 


(b) N 2 iq) Cp=^R 

(c) C 02 ,CH 4 (r) 

6 

(d) 1 molOj+ 2 mol 03 (s) y = L33 

Here: Cp - Heat capacity at constant pressure 

•f=Cp/Cy 


[G] Match the List-f^ith List-II: 

List-I List-II 

(Reaction) (Process) 

(a) C( 5 )-i-^ 02 (g)->C 0 (g) (P) Combustion 

(b) CO(g) + -^ O 2 (g) -^ CO 2 (g) (q) Neutralization 

(c) NaOH(aq.) + HCKa^.) (r) Process of 

NaCl(ag.)-(-HjO formation 


(d) 

H2(g) + ^ 02 (g)->H20(0 

(s) Reaction of apollo 


2 

fuel cell 

[H] Match the relations of Column-I with their names in 
Column-II: 


Column-I 

Column-II 

(a) 

T 2 - 7 ; 

(p) Trouton equation 

(b) 


(q) Effect of temperature 


72 - r, 

on the heat of 



reaction 

(c) 

AM 

fusion _ A c* 

rp 

* 

(r) Kirchhoff’s equation 

(d) 

Urn S 0 

(s) Third law of 



thermodynamics 
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[I] Match the Colunm-I with Coluim-II: 


Colamn-I 


CoIumn-II 


(a) 


Amount of heat required (p) 
to raise the temperature 
of 1 mol substance by 


1°C 


Specific heat x molar 
mass 


(b) 


MJ AU 

-or —- 

AT AT 


(q) Heat capacity = C, Cp or 


[J] Match the Column-I with Column-ll: 


Coiumn-l 


Column-II 


(a) AH = + ve, AS = + ve 

(b) AH = -ve,AS = + ve 

(c) AH = + ve, AS = - ve 


(p) Spontaneous at all 
temperature 

(q) Non-spontaneous at all 
temperature 

(r) Non-spontaneous at high 
temperature 


(c) Heat evolved in the (r) Electron gain enthalpy 
combustion of 1 g of a 
substance 


(d) AH = - ve, AS = - ve (s) Spontaneous at high 

temperature 


dv (d) Heat evolved when an (s) Calorific value 
extra electron is added to 
valence shell of an 
isolated gaseous atom 



1. [A] (a—p); (b—p, q); (c—r); (d—s) [G] (a—p, r); (b—p); (c—q); (d—p, r, s) 

[B] (a^p,r)'(b—q);(c—q);(d—s) [H] (a^, r); (b--q, r); (c—p); (d—s) 

[C] (a—p, q); (b—p, r); (c—-p); (d--s) [I] (a—p, q); (b—p, q); (c-^s); (d—r) 

[D] (a—p, q); (b—p, q); (c—s); (d—r) [J] (a—s); (b—p); (c—q); (d—r) 

[E] (a—q); (b—q); (c—p); (d—r, s) 

[F] (a-p,r);(l^,s);(c-q,r);(d-q,s) , 



Practice Problems • 



1. Write ‘yes’ if heat, work or matter are able to cross the 
boundary of the corresponding system and ‘no’ if passage is 
forbidden: 


Property 

Open 

system 

Close 

system 

Isolated 

system 

Adiabatic 

system 

Heat 

Yes/No 

Yes/No 

Yes/No 

Yes/No 

Work 

Yes/No 

Yes/No 

Yes/No 

Ycs/No 

Matter 

Yes/No 

Yes/No 

Yes/No 

Yes/No 


2. Which of the following are state functions? 

(i) Q (ii) W (iii) Q + W (iv) e - IF (V) Qp (Vi) Qp 

(vii) — (viii) ^ (ix) ^(x)E + PV (xi) E-PV 

W T T 


3. 


[Ans. (iv), (v), (vi), (viii), (ix), (x).] 

In the adjoining diagram, the P -V graph of an ideal gas is 
shown. Find out from the graph (i) Work done in taking the gas 


1 


pF 15 
■£ 12 



9 

6 

3 

0 




B 



4 




D ^ C 


1 

2 3 4 5 1 

3 7 


V (litre) 


from the state A ^ B (ii) Work done in taking the gas from 
5 -> C (iii) Work done in a complete cycle. (1 litre = 10“^ m’) 

[Ans. (i) -60 X 10^ J (ii) zero (iii) 36 x 10^ J, i.e., net work is 
done by the gas] 

4. A sample of a gas contracts 200 cm^ by an average of 0.5 
atmosphere while 8.5 J heat flows out into the surroundings. 
What is the change in energy of the system? 

(1 litre-atm = 101.3 J) 

[Ans. Energy of the system increases by 1.63 J] 

5. Calculate the pressure-volume work done by the system when 
the gas expands from 1.0 litre to 2.0 litre against a constant 
external pressure of 10 atmospheres. Express the answer in 
calorie and joule. 

[Ans. -10 litre-atm, -242.2 cal, -1013.28 J] 

6. A sample of a gas in a cylinder contracts by 7.5 litre at a 
constant pressure of 5.0 atmosphere. How much work is done 
on the gas by the surroundings? 

[Ans. 37.5 litre-atm or 3801.75 J] 

7. A sample of a gas expands from 200 cm^ to 500 cm^ against an 
average pressure of 750 torr while 1.5 J he,at flows into the 
system. What is the change in energy of the system? 
(1 litre-atm = 101.3 J) 

[Ans. Energy of the system is decreased by 28.5 J; 
AE = -28.5 J] 

8. Calculate the work done when 65.38 g of zinc dissolves in 
hydrochloric acid in an open beaker at 300 K. (At. mass of 
Zn = 65.38) 
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[Ans. - 2494.2 J, i.e., work is done by the system] 

9. 6 moles of an ideal gas expand isothermally and reversibly 
from a volume of 1 dm^ to a volume of 10 dm^ at 27° C. What 
is the maximum work done? Express your einswer in joule. 
[Ans. - 34464.8 J, work is done by the system] 

10. 1 mqle of an ideal gas at 25° C is allowed to expand reversibly 
at constant temperature from a volume of 10 litre to 20 litre. 
Calculate the work done by the gas in joule and calorie. 

[Ans. - 1717.46 J or -411 cal, i.e., work is done by the gas] 

11. Find the work done when 1 mole of the gas is expanded 
reversibly and isothermally from 5 atm to 1 atm at 25°C. 
[Ans. -3984J] 

[Hint: Use w = - 2.303 nRT log 5. ] 

^2 


12 . 


13. 


How much energy is absorbed by 10 moles of an ideal gas if it 
expands from an initial pressure of 8 atmosphere to 4 
atmosphere at a constant temperature of 27° C? 

(?? = 8.31Jmor‘K"’) 

[Ans. 1.728x1 O'* J] 

[Hint; In isothermal process, AE = 0, 

so q (heat absorbed) = - w. Thus, apply the equation 


q = 2.mnRT \Qg^] 

•^2 

A given mass of a gas at 0° C is compressed reversibly and 
adiabatically to a pressure 20 times the initial value. Calculate 


the final temperature of the gas. 


^ = L42 

.^v 


[Ans, 

[Hint: 


T 2 = 662.2 K] 


Apply the formula 



14. 3 moles of hydrogen are compressed isothermally and 
reversibly from 60 dm^ to 20 dm^ and 8.22 kJ of work is done 
on it. Assuming ideal behaviour, calculate the temperature of 
the gas. 

[Ans. 300 K] 

15. To what pressure must a certain ideal gas (y = 1.4) at 373 K 
and 1 atmospheric pressure be compressed adiabatically in 
order to raise its temperature to 773 K? 

[Ans. 7.89 atm] 

16. 1 mole of an ideal gas {Cy = 12.55 J K“* moE.’) at 300 K is 
compressed adiabatically and reversibly to one-fourth of its 
original volume. What is the final temperature of the gas? 
[Ans. 752 K] 

17. Calculate q, w, AE and AH for the reversible isothermal 
expansion of 1 mole of ideal gas at 27° C from a volume of 10 
dm^ to a volume of 20 dm°. 


[Ans. ^=-w=1729J] 

18. Calculate the internal energy change for the process in which 
1.0 kcal of heat is added to 1.2 litre of O 2 gas in a cylinder at 
constant pressure of 1.0 atm and the volume changes to 1.5 litre. 
[Ans. 0.993 kcal] 


19. Calculate AE and AH when 10 dm^ of helium at NTP is heated 
in a cylinder to 100 ° C, assuming that the gas behaves ideally. 
(Cy=?,l2R) 

[Ans. A£ = 556.74 J 
AH = 927.9 J] 

[Hint: AE = n-CyAT and AH =n-Cp- AT 

= —X-X8.314 xlOO =-^x-x 8.314x100 
22.4 2 22.4 2 

= 556.74 J = 927.9 J] 

20. For the conversion of 1 mole of SOjCg) into S 03 (g) the 
enthalpy of reaction at constant volume, AE, at 298 K is 
-97.027 kJ. Calculate the enthalpy of reaction, AH, at constant 
pressure. 

[Ans. AH =-98.267 kJ] 

[Hint: Use the reaction, 

S02(g) + ^ 02 (g)-> S03(g), An = 1 -J = - i] 

21. The heat liberated on complete combustion of 7.8 g benzene is 

327 kJ. This heat has been measured at constant volume and at 
27°C. Calculate the heat of combustion of benzene at 
constant pressure. {R = 8.3 JK“^ moU’) (HT 1996) 

[Ans. -3273.7 kJmor'] 

22. ,1 mole of naphthalene (CjoHg) was burnt in oxygen gas at 
25 ° C at constant volume. The heat evolved was found to be 
5138.8 kJ. Calculate the heat of reaction at constant pressure. 
{R = 8.3 JK’' moE*) 

[Ans. 5143.8kJ] 

[Hint: Water is present in liquid state at 25° C and naphthalene 
in solid state.] 

23. The enthalpy of formation of methane at constant pressure and 
300 K is -75.83 kJ. What will be the heat of formation at 
constant volume? {R = 8.3 J K mol “■) 

[Ans. -73.34 kJ] 

24. The heat change for the reaction, 

N2(g)+3H2(g)-> 2 NH 3 (g) 

is - 92.2 kJ. Calculate the heat of formation of ammonia. 

[Ans. -46.1kJmoE‘] 

25. AH° for the reaction, 

4S(s)+ 602 (g)->4S03(g) 

O 

is -1583.2 kJ. Calculate AH of sulphm trioxide. 

[Ans. - 395.8 kJ] 

26. Calculate the heat change in the reaction, 

4NH3 (g) + 3O2 (g)-> 2N2 (g) + 6 H 20 ( /) 

at 298 K given that heats of formation at 298 K for NH 3 (g) 
and H 20 (/ ) are - 46.0 and - 286.0 kJ moE* respectively. 

[Ans, AH°=-1532kJ] 

27. Calculate the heat of combustion of 1 mole of C 2 H 4 (g) to 
form C 02 (g) and H 20 (g) at 398 K and 1 atmosphere, given 
that the heats of formation of C 02 (g), H 20 (g) and C 2 H 4 (g) 
are - 94.1, - 57.8 and + 12.5 kcal moE' respectively. 

[Ans, -316.3 kcal] 
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28. The heats of combustion of CH 4 (g ) and (g ) are -890.3 

and - 1560 kJ moF* respectively. Which has higher calorific 
value? 

[Ans. Methane has higher calorific value.] 

29. The heat of combustion of butane is 2880 kJ moP'. What is 
the heat liberated by burning 1 kg of butane in excess of 
oxygen supply? 

[Ans. 4965510] 

30. The heat of formation of CH 4 (g ), CjHj (g ) and C 4 H[o (g) are 

- 74.8,-84.7 and-126.1 kJ moP' respectively. Arrange them 
in order of their efficiency as fuel per gram. Heats of 
formation of C 02 (g) and HjOf/) are - 393.5 and - 285.8 kJ 
moP' respectively. 

[Ans. CH 4 >C 2 Ha>C 4 Hio] 

[Hint: First determine heat of combustion in each case and then 
find the calorific value.] 

31. The heat of combustion of carbon to COjCg) is 

- 393.5 kJ moP*. Calculate the heat released upon formation 
of 3 5.2 g of CO 2 (g) from carbon and oxygen gas. 

[Ans. - 315 kJ] 

32. Calculate AH^ of CjHi 2 O 0 (s)ffom the following data: 

Alfeomb of C 6 H, 206 (s) = - 2816kJ moP’, ah} of COjCg) 
= - 393.5kJ moP* and AH}^^^^ = - 285.9 kJmoP*. 

[Ans. -1260kJmoP‘] 

33. Calculate the amount of heat released when; 

(i) 100 mL of 0.2 M HCl solution is mixed with 50 mL of 0.2 
MKOH. 

(it) 200 mL of 0.1 M H 2 SO 4 is mixed with 200 mL of 0.2 M 
KOH solution. 

[Ans. (i)0.57kJ (ii) 2.18kJ] 

34. When 100 mL each of HCl and NaOH solutions are mixed, 
5.71 kJ of heat was evolved. What is the molarity of two 
solutions? The heat of neutralisation of HCl is 57.1 kJ. 

[Ans. IM] 

35. Determine the enthalpy of the reaction, 

C3H8(g)+H2{g)->C 2 H,(g)+CH 4 (g) 

at 25° C, using the given heat of combustion values under 
standard conditions. 

•Compound H 2 (g) CH 4 (g) C 2 H 6 (g) C (graphite) 
A/FCkJmoP') -285.8 -890.0 -1560.0 -393.5 

The standard heat of formation ofC 3 Hg(g)is-103.8 kJmjP’. 

(ilT 1992) 

[Ans. - 55.7 kJ] 

[Hint: H 2 (g)+i 02 (g) ^HjO; (A//= - 285.8 kJ) ...(i) 


CH,(g) + 202 (g) —> C 02 (g) + 2H2O; ...(li) 

(Aff = - 890.0 kJ) 

Czm) + I 02 (g)-. 2C02(g) + 3 H 2 O; ...(iii) 

(AF=-1560.0 kJ) 


C + 0,(g)-» CO^ig); (AH =- 393.5 kJ) ...(iv) 

3C + 4H2(g)-^ CjHsfg); (AH = -103.8 kJ) ,..(v) 

Multiplying eq. (i) by 5 and eq. (iv) by 3 and adding both the 
equations and subtracting eqs. (ii), (iii) and (v).] 

4 


36. The standard enthalpy of combustion at 25° C of hydrogen, 

cyclohexene (CgHjg) and cyclohexane (CgHi 2 ) are - 241, 
- 3800 and - 3920 kJ moP’ respectively. Calculate the heat of 
hydrogenation of cyclohexene. [ISM (Blianbad) 1992] 

[Ans. -121UmoP‘] 

[Hint: 

H 2 (g) + I 02 (g)-> H 20 (g); ...(i) 

(Aff =-241kJinoP‘) 

CfiH,o(g) + ^ 02 (g)-> 6C02(g) + 5H20(g); ...(ii) 

^ (A/f = -3800kJmoP') 

C6H,2(g) + 902 (g)-> 6C02(g) + 6H20(g); ...(iii) 

(AFT =-3920 kJ mop*) 
Adding eqs. (i) and (ii) and subtracting eq. (iii), 

QH[g(s) + H2(g) > CgH|2(5); 

Aff = - 241 - 3800 - (-3920) = -121 kJ moP* ] 

37. From the following data of heats of combustion, find the heat 
of formation of CH 30 H(?): 

CH30H(/ ) + I O 2 (g)-> CO 2 (g) + 2H20(/); 

Ai/ =-726 kJ 

e(s)+ 02 (g)->C02(g); Alf = -394kJ 

H2(g)+^ 02 (g)->H20(/); A// = -286kJ 

[BIT (Ranchi) 1991) 

[Ans. -240 kJ-mop'] 

38. Calculate the heat , of formation of methane, given that 

. heat of formation of water = - 286 kJ moP' 
heat, of combustion of methane = - 890 kJ moP’ 

, heat of combustion of carbon = - 393.5 kJ moP’ 

( ' (ISM (Dhanbad.) 19931 

[Ans. - 75.5 kJ moP'] 

39. Calculate the standard heat of formation of C 10 H 3 
(naphthalene) if standard heat of combustion of naphthalene is 
-1231.0 kcal at 298 K and standard heat of formation of 
C 02 (g) and H 20 (/) are -94.0 kcal and —68.4 kcal 
respectively. 

[Ans. 17.4 kcal] 

40. The heat of combustion of liquid ethanol is - 327.0 kcal. 
Calculate the heat of formation of ethanol, given that the heats 
of formation of C02(g )and H20(/)are - 94.0 kcal and - 68.4 
kcal respectively. 

■ [Ans. - 66.2 kcal] 

41; Calculate heat of formation of cane sugar from following data: 
*■' H 2 (g) + i02(g)->H20(g); AF = -68.4kcal 

C(g) + 02(g)-> C02(g); AH = - 94.4 kcal 

C,2H220„ ( 5 )+ 1202 (g)-> 12C02(g)+ 11H20(/); 

AH=- 1350.0 kcal 

[Ans. - 535.2 kcal] 

42. The heats of formation of CgH 5 (/), H20(/) and C02(g) are 
11.70, - 68.4 and - 94.0 kcal respectively. Calculate the heat 
of combustion of benzene ( 1 ). 

[Ans. -780.9 kcal] 
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[Hint: QH,(0 + ^ > eCO^fe) + 3 H 20 (/); A// = ? 

AH = 6x A//^(co 2 ) + 3 X A//y (HjO) - AHJ^^Ci,Hi) ] 

43. Calculate the heat of hydrogenation of C 2 H 2 to C 2 H 4 . 

Hate) + ^ Ojte)-> HjOC/); AH = - 68.32 kcal 

C 2 H 2 te)+ ^ 02 te)-> 2 C 02 te)+ H 20 (/); 

AH = -310.61 kcal 

C2H4te)+ 302te)-» 2 C 02 te)+ 2 H 20 (/); 

AH = - 337.32 kcal 


[Ans. -41.61 kcal] 

44. Calculate the heat of hydrogenation, 

C2H4te) + H 2 te)-^CaHfite) 

given that, the heat of combustion of ethylene, hydrogen and 
ethane are - 337.0, - 68.4 and - 373.0kcal respectively. 

[Ans. -324 kcal] 

45. If the heat of formation of AI 2 O 3 (s) and Cr 203 ( 5 ) are 1596 kJ 
and 1134 kJ (both exothermic) respectively. Calculate AH of 
the thermite reaction. 

Cr 203 (s) + 2Al(i)-> 2Cr(s) + Al 203 (s) 

[Ans. -462kJ] 

46. Calculate the enthalpy of transition of rhombic sulphur to 
monoclinic sulphur from the following data; 

S(rho„j,io) + O 2 (g)-> SO 2 (g); AH = - 297.5 kJ 

S»„ic) + O 2 (g) —^ SO 2 (g); AH = - 299.9 kJ 

[Ans. + 2.4 kJ] 

47. Calculate AH for the reaction, 

H 2 te)+K 02 te)->H 20 te) 

given that bond energies of H—H and 0=0 bond and O—H 
bond are 433 kJ mol”’, 492 kJ moC' and 464 kJ mol"'. 

[Ans. -249kJ] 

48. Using the bond enthalpy data, calculate AH of the following 
reaction; 

2 Cl 2 (g)+ 2 H 20 (g)-> 4HCl(g)+ 02 (g) 

given that, bond energies of Cl—Cl, H—Cl, O—and 0=0 
are 242.8,431.8,464 and 442 kJ mol"' respectively. 

[Ans. 172.4 kJ mol"'] 

49. Calculate the enthalpy of the reaction. 


Sn 02 (i) + 2 H 2 (g)-> Sn(s) + 2 H 20 (/) 

given that, enthalpy of formation of Sn 02 (s) and H 20 (/) are 
- 580.7kJ and - 285.8 kJ respectively. 

[Ans. +9.1 kJ] 

SO. Calculate the enthalpy change for the reaction, 


H 2 te)+Cl 2 te)->2HCl(g) 

given that, bond energies of H—^H, Cl—Cl and H—Cl are 
436, 243 and432kJmol"'. 

[Ans. -185 kJ mol"'] 


51. Use the bond energy data and calculate the enthalpy change 
for; 


H 


2C(g) + 2H(g) + 2Cl(g)-> H— C— Cl 

I 

Cl 


The bond energies of C—H and C—Cl are 413 and 328 kJ 
mol"' respectively. 

[Ans. -1482 kJ mol"'] 

52. Calculate the heat of formation of ammonia from the 
following data: 

N2(g) + 3H2(g)->2NH3(g) 

The bond energies of N=N, H—Hand N—H bonds are 
226,104 and 93 kcal respectively. 

[Ans. -10 kcal] 

53. Use the following bond dissociation energies to compute the 
C—H bond energy in methane: 


(i) 

CH4te) — 

-ACH 3 (g)+H(g); 

AH = 475 kJ mol"' 

(ii) 

CHjte)- 

-^CH 3 (g) + H(g); 

AH = 470 kJ mol"' 

(iii) 

CH 2 (g)- 

-ACH(g) +H(g); 

AH = 416kJmor' 

(iv) 

CH(g)- 

-^C(g) +H(g); 

AH = 335kJmor' 

[Ans. 

424 kJ mof 

-'] 



0 

54. Calculate AH^ for chloride ion from the following data: 

^ H 2 (g) + ^ CI 2 (g)-> HCl(g); AH = - 92.4 kJ mol"' 

HCl(g ) + nH 20 -> H (aq.) + Cl" {aq.)\ 

AH = - 74.8 kJ mol"' 


Aff! + = 0.0 kJ mol"' 

/{H aq.) 

[Hint: Required equation is 

X Cl 2 (g) + nHjO-> CC {aq.y, AH =7 


(H i 


Adding both equations. 

X H 2 (g) + Cl 2 (g) + nH 20 -> H^ (aq.) + Cr(ag.); 


AH =-167.2 

ah = o 

So, Cl 2 (g) + nH 20 -» cr {aq.); AH = -167.2 kJ mol"' ] 

55. The heat of ionisation of formic acid is 1.5 kj/mol. 9.2 g 
formic acid on reaction with 7 g ammonium hydroxide gives 
10.8 kJ of heat. Calculate the heat of ionisation of ammonium 
hydroxide. (1 cal = 4.2 J) 

[Ans. 2.04 kJ/mol] 

56. Assuming that 50% of the heat of useftil, how many kg of 
water at 15 ° C can be heated to 95.0° C by burning 200 litre of 
methane measured at NTP? The heat of combustion of 
methane is 211 kcal mol"'. 

[Ans. 11.76 kg] 

57. The standard potential for the reaction, 

+ (aq.) - >¥Q^*(aq.)+ Ag(j:) 

is 0.028 V. What is the standard free energy change for this 
reaction? 

[Ans. - 2.702 kJ mol"'] 




486 


G. R.B. Physical Chemistry For Competitions 


58. Calculate the theoretical maximum efficiency of a heat engine 
operating between 373 K and 173 K. 

[Ans. 0.536 or 53.6%] 

59. The standard free energy of formation in the gaseous state of 
methanol, dimethyl ether and water are - 38.7, - 27.3 and 
”54.6 kcal respectively. Is the transformation of methanol to 
dimethyl ether and water in gaseous state possible? 

2CH3OH-) CH3OCH3 + HjO 

[Hint; AG " for the transformation 

= - ve (the transformation is possible)] 

6fl. Ethanol boils at 78.4° C and standard enthalpy of vaporization 
of ethanol is 42.4 kJ moF'. Calculate the entropy of 
vaporization of ethanol. 

[Ans. 120.9 J K"'mor'] 

fit. The following data is known about the melting of KCl: 

AH = 7.25 kJ moF* and M = + 0.007 J K"' moF' 

Calculate its melting point. 

[Ans. 1035.7 K] 

[Hint: At melting point AG = 0] 
fi 2 . For the reaction, 

Ag20^=^2Ag(5) + i 02 (g) ^ 

Calculate the temperature at which free energy change is zero. 
At a temperature lower than this, predict whether the forward 
or the reverse reaction will be favoured. Give reason. 

(AH = + 30.56 kJ and A5 = +0.066 kJ K"‘ moF' at one 
atmosphere) 

[Hint: Calculate T by applying the formula 
AG = AH-TAS and AG =0. 

Then find the value of AG at lower temperature than T. The value of 
AG comes positive; hence, the reverse reaction will be favoured. At 
temperature higher than T, the reaction is spontaneous.] 

63. Calculate the boiling point of the liquid if its entropy of 
vaporization is 110 JK“’ moF’ and the enthalpy of 
vaporization is 40.85 kJ moF'. 

[Ans. 371.36 K] 

64. Using S° values, calculate the entropy of the reaction, 

S 02 (g)+” 02 (g)- >S 03 (g) 

The S° values for SOo.O, and SO 3 are 248.5,205.0 and 256.2 
J K ' moF'. 

[Ans. =-94.2JK-‘mol '] 

[Hint: 

A'^reaction ^ ^products ^ ‘^reactants! 

65. Calculate the entropy change for the following reaction: 

CaC 03 (s)-> CaO(s) + COjCg) 

5° 92.9 39.7 213.6 J K’’moF‘ 

[Ans. +1>'F 4 .1 k ' «uoF'] 

66 . Compute tne va. :: of AS at 298 K for the reaction, 

H2(g)+K02fe)->H20{g) 

given that, AG = - 228.6 kJ and AH = - 241.8 kJ. 

[Ans. -44.3JK-'] 


67. An engine operating between 150°C and 25 °C takes 500 J 
heat from a high temperature reservoir. Assuming there is no 
frictional loss, calculate the work that can be done by the 
engine. 


[Ans. 148 J] 

68. At 300 K, the standard enthalpies of formation of 

CjHsCOOHCs), CO2{g)andH2O(/)are-408,-393 and-286 
kJ moF’ respectively. Calculate the heat of combustion of 
benzoic acid at (i) constant pressure and (ii) constant volume. 
(^ = 8.31J moF’ K“‘ ) (Ij-p j 995 ) 

[Ans. (i) AH' = - 3201 kJ moF*; 

(ii) A£ = -3199.75 kJmoF'] 

69. For the reaction, 

Br 2 (/)+Cl 2 (g)->2BrCl(g) 

AH = 29.37 kJ moF’ and AA = 104 J K"' mol”'. Find the 


temperature above which the reaction would become 
spontaneous. 

[Ans. Above 282.4 K] 

70. For the synthesis of ammonia, 

N2(g)+3H2(g)- >2m,(g) 

Calculate.AH",M°and AG° at 300 K using the following 
data: 


Species 

N, 

H 2 

NH 3 

ah] / (kJ moF') 

0 

0 

- 46.2 

5°/(JK^' mor‘) 

191.5 

130.6 

192.5 

[Ans. AH°=-92.4kJmoF', 

AS” = -198.3 JK~‘ mol 


AG° =”32.91 kJmoF'] 


71. How much heat is required to change 15.6 g of benzene from 
liquid into vapour at its boiling point of 80° C? Entropy of 
vaporization of benzene is 87 J K^' moF'. 

[Ans. 6142.2 J] 

72. Calculate the standard free energy change for the combustion 
of glucose at 298 K, using the given data. 

QH12O6 + 6O2-J. 6CO2 + 6H2O 

AH° = -2820kJmoF‘,A5° = 210 JK^' moF’. 

[Ans. AG° = - 2882.58 kJ moF‘] 

73. The specific heat at constant volume for a gas is 0.075 cal/g 
and at constant pressure it is 0.125 cal/g. Calculate: 

(i) the molecular weight of gas, 

(ii) atomicity of gas. 

[Hint: (0 Cp - Cy = — where, M = molecular weight of gas 
M 

1 987 

0.125-0.075 = -^:^ 

M 

M = 39.74 = 40 

.... Cp 

(h) 7^ = 7 


1.66 value of y shows that the gas is monoatomic.] 
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74. The polymerisation of ethylene to linear polyethylene is 
represented by the reaction, 

nCHj = CH2-.4- , 

where, n has a large integral valu.e. Given that the average 
enthalpies of bond dissociation for C = C and C—C at 298 K 
are +590and + 331 kJ moF' respectively, calculate the 
enthalpy of polymerisation per mole of ethylene at 298 K. 

(IIT 1994) 

[Hint: «CH 2 = CH 2 -—CH,.^ 

There are equal number of C—H bonds on both sides but on 
reactant side there are nC = C bonds and on product side 
(2«+ 1)C — C bonds. 

Enthalpy of polymerisation 

= - (2n + 1 )A//jq_q 

= 590n-(2n+ 1)(331) 

= 590« - 662n [2n + ,1 —r 2n as n is very large] 

= -72nkJ 


Enthalpy of polymerisation per mole 

= ^ = _Z?f_72kJmorh 


75. An athlete is given 100 g of glucose (CgHijOg) of energy 
equivalent to 1560 kJ. He utilises 50% of this gained energy in 
the event. In order to avoid storage of energy in the body, 
calculate the mass of water he would need to perspire. The 
enthalpy of evaporation of water is 44 kJ mol”*. 

[Hint: Unused energy = = 780 kJ ^ 

780 

Mass of water needed for perspiration = 18 x-= 318.96 g] 

44 

76. Calculate the entropy of ideal mixing when 2 moles of N 2 , 3 
moles of H 2 and 2 moles of NH 3 are mixed at constant 
temperature, assuming no chemical reaction is occurring. 
[Ans. 62.80 JK”*] 


[Hint: Use the relation, 

AS = - /? £ n,- logj X; 
when «,■ = no. of moles of component 

Xj = mole fraction of the component] 

77. Calculate free energy change for the reaction; 
H 2 fe)+Cl 2 (g)“^ 2 H—Cl(g) 
by using the bond energy and entropy data. 

Bond energies of H—H, Cl—Cl and H—Cl bonds are 435 kJ 
mol”*, 240 kJ mol”’ and 430 kJ mol”’ respectively. Standard 
entropies of H 2 , Clj and HCl are 130.59, 222.95 and 186.68 
J K”* n»r* respectively. 

[Ans. 190.9 kJ] 

[ Hint: AG° can be calculated by using; 

AG’’=AH°-ThS° 


= 435 + 240-2x430 = -185kJ 


AS° = 1S, 


products 




= 2x 186.68- 130.59- 222.95 
= 19.82 J K”' = 19.82 x 10”^ kJ K”' 


AG° = AJY° - TAS” 

= -185 - 298 X 19.82 x 10”^ = -190.9 kJ] 


78. For the reaction, 

4C (graphite) + SH 2 (g)-> «C 4 H,o(g); 

A/f° = -124.73 kJ mol"* 
AS” = - 365.8 J K”' mol”* 

4C (graphite) +. 5 H 2 (g)-> wo-C 4 H,o(g) 

Ai«^“ = -131.6kJmor' 


AS"* = -381.079 JK”' mol”* 


Indicate whether normal butane can be spontaneously 
converted to iso-butane or not. 

[Ans. Yes, AG“ =-2.32 kJ] 

[Hint: ForuC 4 H,o. 

AG° = AH° -TAS° 

= -124.73 - 298(-365.8 x 10”^) = -15.72 kJ 
For Ao-butane (iso-C^tlig), 

AG" =-131.6-298(-381.079x10”^) 

= -18.04 kJ 

For conversion of nC 4 H,o- > iso-Cfii^, 

AG” =-18.04 -(-15.72) =-2.32 kJ 
Negative value shows that the process is spontaneous.] 

79, The temperature of a bomb calorimeter was found to rise by 
1.617 K, when a current of 3.20 amp was passed for 27 sec 
from a 12 V source. Calculate the calorimeter constant. 

[Hint; Energy absorbed by the calorimeter 

= / X / x K = 3.2 X 27 X 12 = 1036.8 J 
Calorimeter constant (nis) can be calculated as, 
q = ms At 

1036.8 = mi X 1.617 
mi = 641.187 kJ] 

80, 1 mole of an ideal gas is allowed to expand isothermally at 
27 °C until its volume is tripled. Calculate AS^^ and AS 
under the following conditions; 

(a) the expansion is carried out reversibly. 

(b) the expansion is a free expansion. 

[ Ans. (a) AS^ = 9.135 J K”'mor’ 

ASj^ =-9.135 JK”' mol”* 

— 0 

(b) AS^i, = AS^, = 9.135 J K”' mol”' ] 


[Hint: (a) In isothermal reversible process; 

^rey 

~T~ 

Vi 


AS 


q = -W =23Q3RT log 


V, 


■■ 2.303 X 8.314 x 300 log 3 = 2740.6 J mol 


AS. 


q,,, _ 2740.6 . 


.system 


300 


9.135 JK“‘ n»r 


-AS„ 


■'SUIT '■‘"system 

AS™, =0 

(b) In case of free expansion; 
AS = 2303nR log ^ 


-9.135 JK'* mol” 


: 9.135 JK”‘ mol”' 
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^univ = = 9,135 J K-' mor' 


81. 


One kilogram water at 0° C is brought into contact with a heat 


reservoir at 100° C. Find: 

(a) change in entropy when temperature reaches to 100° C. 

(b) what is the change in entropy of reservoir? 

(c) change in entropy of universe. 

(d) the nature of process. 

[Ans. (a) 312 cal K"', (b) -268.1 cal K"', (c) 43.9 cal K“‘ 
(d) spontaneous] 


[Hint: (a) 


AS = 2.303nCp log 



1000 

: 2.303 X-X 18 log 

18 


373 

273 


= 312 cal K^' 


(b) AS„ 


T 


AQ = msAt = 1000 x 1 x 100 = 10* cal 

_i a5 

A5 = —= -268.1 cal K"' 


373 


(c) 


= 312-268.1=43.9 cal K' 


(d) AS > 0, the process will be spontaneous.] 

82. A monoatomic ideal gas of two moles is taken through a cyclic 
process starting from A as shown in figure. The volume ratios 
y y 

me — = 2 and -2- = 4 . If the temperature T, at A is 27°C. 
yA 

Calculate: 



(a) the temperature of gas at B. 

(b) heat absorbed or evolved in each process. 

(c) total work done in cyclic process. 

[Hint: AB: (It is isobaric process) 



r„ = .iSi X r. = 2 X 300 = 600 K 

qAB=nCp AT = 2x^RAT 

= 2x-x2 x 300 = 3000cal 
2 

r (Isothermal process) 

Al/ = 0 


= = 2.303 ni?r log 

= 2.303 x 2 x 2 x 600 log^ 

= 1.663 X 10^ cal 
C (Isochoric process) 

qco = nCy AT =2x^x2 (-300) = -1800 cal 
D —^Ai (Isothenusl process) 

90.4 = 2.303«i?r, log 1^- 

= 2.303x2x2x3001ogi 
4 

= -1.663x10* cal 


Total heat change = 3000 + 1.663 x 10* - 1800 -1.663 x 10* 


= 1200 cal 

Work done = -1200 cal] 

83. The reaction, SOCI 2 + H 2 O-> SOj + 2HCI is endothermic 

by 49.4 kJ and exoergonic by 50.8 kJ. What is the factor that 
makes the reaction to be spontaneous? Calculate the entropy 
change at 298 K. 

[Ans. AA° =0.3362 kJK”'] 

[Hint: Exoergonic means AG° = - ve. 

AG°=-50.8kJ, 

AH° = 49.4 kJ 

Substitute these valu^ in AG° = AH° - TAS° to calculate entn^. 

, _ Atf° - AG° 49.4 - (-50.8) 

~ T 298 

= 0.3362 y K“' ] 

84. What amount of ice will remain when 52 g ice is added to 
100gofwaterat40°C? 

Specific heat of water is 1 cal/g and latent heat of fiision of ice 
is 80 cal/g. 

[Ans. 2gice] 

[Hint: At the stage ofthermal equilibrium at 0°C, 

Heat lost by water = Heat absorbed by ice to melt. 
ms AT = ml 
100X 1 x40 = m X 80 
m = 50 g 

Remaining ice = 52 - 50 = 2 g] 

85. Calculate the AHy of CgH, 26 ^( 5 ) from the following data: 

[QH, 206 (s)] = -2816 U/mol 
AHf of C02(g) = - 393.5 kJ/ mol 

AH} of HjCK/) = - 285.9 W/ mol [BCECE 2006] 


86 . 


[Ans. -1260 y/mol] 

A liquid freezes into solid {AH = - 500 J moP’ )at 100 K and 


1 atm. Find the values of: 

(i) Gibbs free energy change 

(ii) entropy change. fCBSE (Mains) 2006] 

[Hint: Liquid 5 =^ Solid 

(i) AG = 0, at equilibrium 


(ii) AS ■■ 


AH 


-500 


- 5 J K"' mor' 

















490 


G. R.B. Physical Chemistry For Competitions 


(a) Hess’s law 

(b) first law of thermodynamics 

(c) Kirchhoff’s law 

(d) second law of themiodynamics 

23. The heat content of the system is called: 

(a) internal energy (b) enthalpy 

(c) free energy (d) entropy 

24. If one mole of ammonia and one mole of hydrogen chloride 

are mixed in a closed container to form ammonium chloride 
gas, then : (KCET 2008) 

(a) AH <AU 

(b) AH>AU 

(c) AH = AU 

(d) there is no relationship between AH and AU 

25. An exothermic reaction is one in which the reacting 
substances: 

(a) have same energy as products 

(b) have less energy than the products 

(c) have more energy than the products 

(d) are at higher temperature than the products 

26. In endothermic reactions, the reactants: 

(a) have more energy than products 

(b) have as much energy as the products 

(c) are at lower temperature than products 

(d) have less energy than the products 

27. Identify the reaction in which the heat liberated corresponds to 

the heat of formation (AH ); (EAMCET 2006) 

(a) C (diamond) + O 2 (g) -^ COj (g) + heat 

(b) 2 H 2 (g) + O 2 (g) ^ 2 H 20 (g) + heat 

(c) C (diamond) + 2H2(g) CH 4 (g) + heat 

(d) S (rhombic) + O 2 (g) -» SO 2 (g) + heat 

28. In an exothermic reaction, AH is: 

(a) positive (b) negative 

(c) zero (d) may be positive or negative 

29. Evaporation of water is: 

(a) a process in which neither heat is evolved nor absorbed 

(b) a process accompanied by chemical reaction 

(c) an exothermic change 

(d) an endothermic change 

30. An endothermic reaction is one in which: 

(a) heat is converted into electricity 

(b) heat is absorbed 

(c) heat is evolved 

(d) heat changes to mechanical work 

3t. If total enthalpy of reactants and products is and Hp 
respectively, then for exothermic reaction: 
iB)Hp=Hp ib)Hp<Hp 

{c)Hp>Hp (d)Hp-Hp=Q 

32. Calculate the work done when I mol of an ideal gas is 
compressed reversibly from 1 bar to 4 bar at a constant 
temperature of 300 K: (DPMT 2009) 

(a)4.01kJ (b)^8.02kJ 

(c) 18.02 kJ (d)-14.01 kJ 

[Hint: w= 2.303 ngriogj^^j 

= 2.303x1x8.314 xSOOlogi 


33. Under which of the following conditions is the relation, 
AH = AE + P AV valid for a closed system? 

(a) Constant pressure 

(b) Constant temperature 

(c) Constant temperature and pressure 

(d) Constant temperature, pressure and composition 

34. Which of the following is an endothermic reaction? 

(a) 2 H 2 (g)+ 02 (g)-> 2 H 20 (/) 

(b) N2(g)+ 02 (g)-^2NO(g) 

(c) NaOH(a^.) + HCKa^.)-> NaCKa?.) + H20(/) 

(d) C 2 H 50 H(a^.) + 302(g)-> 2C02(g) + 3H20(/) 

35. Which of the following reactions is endothermic?' 

(a) CaCOj (s) -> CaO(5) + COj (g ) 

(b) Fe(s)+S(s)->FeS(s) 

(c) NaOH(a^.) + HCl(a^.)-> NaCl(a^.) + H20(/) 

(d) CH4(g) + 20,(g )-> CO 2 (g) + 2H20(/) 

36. The formation of water from H 2 (g) and 02 (g) is an 
exothermic process because: 

(a) the chemical energy of Hj (g) and O, (g ) is more than that 
of water 

(b) the chemical energy of H 2 (g) and O 2 (g) is less than that 
of water 

(c) the temperature of H 2 (g) and Oj (g) is higher than that of 
water 

(d) the temperature of Hj (g) and O, (g) is lower than that of 
water 

37. Which one of the following reactions is an exothermic 
reaction? 

(a) CaCOj(s)-> CaO(j) + COj(g) 

(b) N2(g) + 02(g)-^2N0(g) 

(c) 2HgO(s) ^ 2Hg(s) + O 2 (g) 

(d) C(s)+ 02 (g)->C02(g) 

38. Which one of the following is not applicable for a 
thermochemical equation? 

(a) It tells about physical state of reactants and products 

(b) It tells whether the reaction is spontaneous 

(c) It tells whether the reaction is exothermic or endothermic 

(d) It tells about the allotropic form (if any) of the reactants 

39. The enthalpies of all elements in their standard state at 25° C 
and one atmospheric pressure are: 

(a) same (b) always positive 

(c) always negative (d) zero 

40. The heat of reaction does not depend upon: 

(a) physical state of the reactants and products 

(b) whether the reaction has been carried at constant pressure 
or constant volume 

(c) the manner by which the reaction has been carried 

(d) the temperature at which the reaction has been carried 

41. The value of AH - AU for the following reaction at 27°C will 
be: 

2NH3(g)->N2(g) + 3H2(g) 

[AMU (Medical) 20071 

(a) 8.314 X 273 x (- 2) (b) 8.314 x 300 x (- 2) 

(c) 8.314 X 273 x 2 (d) 8.314 x 300 x 2 


= 3458.33 = 3.458 kJ] 
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42. Since, the enthalpy of the elements in their standard states is 

taken to be zero, the heat of formation (AH y) of compounds; 

(a) is always negative (b) is always positive 

(c) is zero (d) may be positive or negative 

43. The ditference between heats of reaction at constant pressure 
and constant volume for the reaction, 

2CAW+ 1 502 (g)-> 12C02(g)+ 6H2O(0at25°Cin 

kj is: (IIT 1991) 

(a) +7.43 (b) +3.72 (c) -7.43 (d) -3.72 

44. For a gaseous reaction, A ig)+3B (g)-+ 3C (g)+ 3D(g), 
AE is 17 kcal at 27°C. Assuming .R = 2cal K^’ mol”*, the 
value of AH' for the above reaction is: 

(a) 15.8 kcal (b) 18.2 kcal 

(c) 20.0 kcal (d) 16,4 kcal 

45. Which of the following statements is correct for the reaction, 

CO(g) + ^ O 2 (g)-> CO 2 (g) at constant temperature and 


46. 


pressure? 

(&) AH = AE 
(c) MI >AE 

Forthe reaction, AgjOCs) 


(h) AH <AE 
(d) None of these 

-4 2Ag(j) + -^ O 2 (g) which one 


of the following is true? 

(a) AH = AE (b) AH <AE 

(c) AH>AE_ (d) AH = ^AE 


47. Thermochemistry is the study of relationship between heat 
energy and: 

(a) chemical energy (b) activation energy 

(c) friction energy (d) none of these 

48. Assume each reaction is carried out in an open container. For 

which reaction will AH = Af/? [CBSE (Med.) 2006] 

(a) H 2 (g)+Br 2 (g)->2HBr(g) 

(b) C(^) + 2 H 20 (g)-> 2 H 2 (g) + CO 2 (g) 

(C) PCls(g)^PCl3(g)+Cl2(g) 

(d) 2CO(g) + 02 (g)- ^ICOjig) 

49 . The enthalpy change in the reaction, 2CO + Oj-> 2 CO 2 is 

termed as: 

(a) enthalpy of reaction (b) enthalpy of fusion 

(c) enthalpy of formation (d) enthalpy of combustion 


50. Reaction, H 2 (g)+ 12 (g)->2HI; AH = 12.40 kcal 

According to this, heat of formation of HI will be: 

|PET (MP) 1990) 

(a) 12.40 kcal (b) -12.4 kcal 

(c) - 620 kcal (d) 6.20 kcal 

51. For the reactions, 

(i) H2(g)+Cl,(g) = 2HCl(g) + xkJ 

(ii) H 2 (g) + Cl 2 (g) = 2HCl(/)+ykJ 

which one of the following statements is correct? 

[PET (MP) 2007) 

(a) X > y (b) X < y (c) x - y = 0 (d) x = y 

52. For the reactions, 

(i) H 2 (g)+Cl 2 (g) = 2HCl(g) + xkJ 

(ii) 2HCl(g) = H2(g) + Cl2(g)-ykJ 


which one of the following statements is correct? 

(a) X - y > 0 (b) X - y < 0 

(c) X - y = 0 (d) None of these 

53. According to the equation, 

QH«(/) + ^O 2 (g)-> 6 CO 2 (g ) + 3H20(/); 

AH = -3264.4 kJmor' 

the energy evolved when 7.8 g benzene is burnt in air will be: 

[PET (MP) 1990] 

(a) 163.22 kJ (b) 32;64kJ (c) 3.264 kJ (d) 326.4 kJ 

54 . AHy , AHy , AHy j;;) aod AHy ) denote the enthalpies of 

formation of x, y, R and S respectively. The enthalpy of the 
reaction, x + y- > R + S is given by: 

(a) AHy + AHy 

(b) AHj-f^^^ + AHj-^g^ 

(C) AHy(^) + AHj-^y) - AHyjyj) - AHy (5) 

(d) AHy^^f) + AHy ( 5 ) - - AHy(^) 

55. The enthalpy change for the reaction, 

C 2 H 4 (g) + 3 O 2 (g) —^ 2 CO 2 (g) + 2 H 20 (g) is called: 

(a) enthalpy of formation (b) enthalpy of combustion 

(c) enthalpy of vaporisation (d) enthalpy of sublimation 

56. The heat of combustion of methane is -880 kJ mor'. If 3.2 g 

of methane is burnt.of heat is evolved. 

(a) 88 kJ (b) 264 kJ (c) 176kJ (d) 440 kJ 

57 . The enthalpy change for the reaction, 

2 C(graphite) 3H2(g) —+ C 2 H|;(g) 

is called: 

(a) enthalpy of formation (b) enthalpy of combustion 
(c) enthalpy of hydrogenation (d) enthalpy of vaporisation 

58. The enthalpy of formation of water from hydrogen and 

oxygen is - 286.0 kJ mol"*. The enthalpy of decomposition of 
water into hydrogen and oxygen is.kJ mol”’: 

(a)-286.0 (b)-143.0 (c) 286.0 (d) 143.0 

59 . The heat of combustion of C^^aphite) -393.5 kJ moF’. The 
heat of formation of COj from graphite is kJ moF’: 

(a) 393.5 (b) -393.5 (c) -787.0 (d) 787.0 

60. The enthalpies of formation of organic compounds are 
conveniently determined from their: 

(a) boiling points 

(b) melting points 

(c) enthalpies of neutralization 

(d) enthalpies of combustion 

61. AH combustion of a compound is always; 

(a) positive (b) negative (c) zero (d) uncertain 

62. The apparatus used for measuring the heat changes of a 
reaction is called: 

(a) a thermometer (b) a colorimeter 

(c) a calorimeter (d) none of these 

63. The heat of neutralization of any strong acid and strong base is 
always constant and AH= - 57.3 kJ. This is because; 

[Corned (Karnataka) 2008] 

(a) both the acid and base undergo complete ionization. 

(b) during neutralization, salt and water are formed. 

(c) 1 mole of water is formed from iF and OH” ions. 

(d) the reaction is exothermic. 
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64. The enthalpy of neutralization of oxalic acid by a strong base 

is -25.4 k cal mol”'. The enthalpy of neutralization of strong 
acid and strong base is -13.7 kcal eq“'. The enthalpy of 
dissociation of oxalic acid is: (DPIVIT 2009) 

(a) 1 kcal mol”' (b) 2 kcal mol”' 

(c) 18.55 kcal mol”' (d) 11.7 kcal mol”' 

[Hint : Oxalic acid is dibasic acid hence expected heat of 
neutralization will be (2 x -13.7 kcal). 

The dissociation energy of oxalic acid = 2 x 13.7 - 25.4 

= 2 kcal mol”'] 

65. The amount of heat liberated when one mole of NH 40 Hreacts 

with one mole of HCl is; (IIT 1990) 

(a) 13.7 kcal (b) more than 13.7 kcal 

(c) less than 13.67 kcal (d) cannot be predicted 

66 . Heat of neutralisation for the reaction, 

NaOH + HCl-) NaCl + HjO 

is 57.1 kJ mol”'. The heat released when 0.25 mole of NaOH is 
titrated against 0.25 mole of HCl will be: 

(a) 22.5kJ (b) 57.1 Id 

(c) 28.6kJ (d) 14.3kJ 

67. If H^ + OH” =H 20 + 13.7 kcal, then heat of complete 

neutralisation of one gram mole of H 2 SO 4 with strong base 
will be: lP?slT (MP) 1990] 

(a) 13.7 kcal (b) 27.4 kcal 

(c) 6.85 kcal (d) 3.425 kcal 

68 . In which of the following neutralization reactions, the heat of 
neutralization will be highest? 

(a) HCl and NaOH (b) CH 3 COOH and NaOH 

(c) CH 3 C 00 HandNH 40 H (d) HClandNH 40 H 

69. “The enthalpy of formation of a compound is equal in 
magnitude but of opposite sign to the enthalpy of 
decomposition of that compoxmd under the same conditions.” 
This law was presented by: 

(a) Hess (b) LeOhatelier 

(c) KirchhoiT (d) Lavoisier and Laplace 

70. ‘The change of enthalpy of a chemical reaction is the same 
whether the reaction takes place in pne step or in several 
steps”. This law was presented by: 

(a) Hess (b) Le Chatelier 

(c) van’tHoff (d) Kirchhoff 

71. The enthalpy change in a reaction does not depend on the; 

(a) conditions under which the reaction is carried out 

(b) initial and final enthalpies of the reactante and products 

(c) state of reactants and products 

(d) number of intermediate steps to convert reactants to 
products 

72. Hess’s law deals with: 

(a) changes in heat of reaction 

(b) rate of reaction 

(c) equilibrium constant 

(d) influence of pressure on volume of a gas 

73. From the thermochemical reactions, 

Cf^phite) + ^02 ^ CO; A// - -110.5 kJ 


CO +-O 2 —^ CO 2 ; A//= - 283.2 U 
2 ^ ^ 

the heat of reaction of + O 2 -> COj is; 

(a) +393.7 kJ (b) -393.7 kJ(c) -172.7 kJ (d) +172.7 kJ 

74. If H 2 +io 2 -^HjO; A//= -68.09 kcal 

K + H 2 O + water-> KOHfng.) + ^ H 2 ; A// = - 48.0 kcal 

KOH+water->KOH(a^.); A« = -14.0 kcal 

the heat of formation of KOH is: 

(a) -68.39 + 48 - 14.0 (b) -68.39 - 48.0 + 14.0 

(c) + 68.39 - 48.0 + 14.0 (d) + 68.39 + 48.0 - 14.0 

75. The enthalpies of combustion of and are 

-393.5 and -395.4 kJ/mol respectively. The enthalpy of 
conversion of to in kJ/mol is: 

(a) -1.9 (b) -788.9 

(c) 1.9 (d) 788.9 

76. The heat of combustion of yellow phosphorus and red 
phosphorus are -9.91 kJ and -8.78 kJ respectively. The heat of 
transition of yellow phosphorus to red phosphorus is; 

|CEE (Bihar; 1992] 

(a)-18.69 kJ (b)+1.13kJ 

(c)+18.69 kJ (d)-1.13kJ 

77. What will be the heat of formation of methane, if the heat of 

combustion of carbon is x' kJ, heat of formation of water is 

‘- / kJ and heat of combustion of methane is z’ kJ ? 

(.AHMS 2908) 

(a) (- X - y + z ) kJ (bK~ 2 - x + 2>’) kJ 

(c) (-X-2y-z) kJ (d) (-X - 2^ + z) kJ 

78. Given, 

C(s) + O 2 (g)-> C 02 (g ) + 94.2 kcal 

HzCg) + ^ 02 {g)-> H 20 (/) + 68.3 kcal 

CH 4 (g) + 202 (g)-» C 02 (g) + 2 H 20(0 + 210.8 kcal 

The heat of formation of methane in kcal will be: 

ir'ET(ftlP) 1990] 

(a) 45.9 (b) 47.8 (c) 20.0 (d) 47.3 

79. On combustion carbon forms two oxides CO and CO 2 , heat of 

formation of CO 2 is -94.3 kcal and that of CO is -26.0 kcal. 
Heat of combustion of carbon is: jEAMCLT (Mea.) 2010] 
(a)-26.0 kcal (b)-68.3 kcal 

(c) -94.3 kcal (d) -120.3 kcal 

80. The heat of combustion of ethanol determined in a bomb 
calorimeter is -670.48 kcal mol”' at 298 K. What is hE at 
298 K for the reaction? 

(a) -760 kcal nwl”' (b) - 670.48 kcal mol”' 

(c) +760 kcal mol”' (d) + 670.48 kcal mol”' 

81. I calorie is equivalent to: 

(a) 4.184J (b) 41.84J (c)418.4J (d)0.4I84J 

82. For an endothermic reaction, where A/7 represents the 

enthalpy of reaction, the minimum value for the energy of 
activation will be: |IiT 1991; FMl 19931 

(a) less than A// (b) zero 

(c) equal to A// (d) more than A// 
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83. If S + O 2 -> SO 2 ; 

.802 + ^02->803; 

SO3 + H2O- 

H2 + ^ O2-> HjO; 


Aiy = -298.2 kJ 
A/f =-98.7kJ 
A/f =-130.2 kJ 
A// =-227.3 kJ 


84. 


85. 


86 . 


the heat of formation of H 2 SO 4 will be: 

(a) -754.4 kJ (b) + 320.5 kJ(c) - 650.3 kJ (d) - 433.7 kJ 
Which of the following units represents the largest amount of 
energy? 

(a) Electron-volt (b) Erg 

(c) Joule (d) Calorie 

If AU} for H 2 P 2 (/) and HjOU) are -188 kJ mol ’ and -286 kJ 


mor’, what will be the enthalpy change of the reaction 

2 H 202 (/) -> 2 H 20 (/)+ 02 (g)? [VMT (MP) 1992| 

(a) 146 kJ mor' (b) -196 U mor' 

(c) - 494 kJ mor' (d) -98 kJ mol”' 

The bond dissociation energies for CI 2,12 and ICl are 242.3, 
151 and 211.3 kJ/mol respectively. The enthalpy of 
sublimation of iodine is 62.8 kJ / mol. What is the standard 
enthalpy of formation of ICl(g)? 


(a) -211.3kJ/mol 
(c) 16.8kJ/mDl 
[Hint: CljCg)- 

hig)- 

ICl(g)- 

l2(s)- 

Required equation: 


(b) -14.6kJ/mol 
(d) 33.5 kJ/mol 


•^ 2 a(g); 

21 (g): 

->I(g)+Cl(g); 

■^h(gy, 


A//i =242.3 kJ/mol 
A //2 = 151 kJ/mol 
AiTj = 211.3 kJ/mol 
Ai /4 = 62.8 y/mol 


il2(5)+ici2(g) ->ICl(g); A// = ? 

62.8+ 151+ 242.3 ,,,, 

AH =-211.3 

2 


= 16.75 y/mol] 

87. Standard heat of formation for CCI 4 , H 2 O, CO 2 and HCl at 
298K are - 25.5, - 57.8, - 94.1 and - 22.1 y/mol respectively. 
For the reaction, 

CCI 4 + 2 H 2 O-^ CO 2 + 4HC1 

what will be AH l (SCRA 2007) 

(a) 36.4y (b) 20.7y (c)-20.7y (d)-4L4y 

88 . Heat of combustion of CH 4 ,C 2 Hg,C 2 H 4 andC 2 H 2 are-212.8, 
-373.0, -337.0 and -310.5 kcal respectively at the same 
temperature. The best fuel among these gases is: 

(a) CH 4 (b) C 2 H 6 

(c) C 2 H 4 (d) C 2 H 2 

89. Given, C(s) + O 2 (g)-> CO 2 (g); A/7 = - 395 kJ 

S(s)+ 02 (g)->S02(g); AJf = -295y 

CS 2 (0 + 3 O 2 (g)-^ CO 2 (g) + 2 SO 2 (g); A/f = -1110 W 

The heat of formation of 082(1 )is: |CEE (Bihar) 1992] 

(a) 250y (b)62.5y (c)31.25U (d)125y 

90. The heats of combustion of rhombic and monoclinic sulphur 

are -70960 and -71030 calorie respectively. What will be the 
heat of conversion of rhombic sulphur to monoclinic sulphur? 
(a)-70960cal (b)-71030cal' ' • 

(c) 70 cal (d)-70 cal 


91. The bond dissociation energy of C—H in CH 4 from the 
equation 

C(g) + 4H(g)-^ CH 4 (g); AH = - 397.8 kcal 

is: 

(a) + 99.45 kcal (b) -99.45 kcal 

(c) + 397.8 kcal (d) +198.9 kcal 

92. The dissociation energy of CH 4 is 400 kcal mol"' and that of 
ethane is 670 kcal nml"'. The C—C bond energy is: 

(a) 270 kcal (b) 70 kcal (c) 200 kcal (d) 240 kcal 

93. Heat of reaction at constant volume is measured in the 
apparatus: 

(a) bomb calorimeter (b) calorimeter 

(c) pyknometer (d) pyrometer 

94. When 10 mL of a strong acid is added to 10 mL of an alkali, 
the temperature rises by 5°C. If 100 mL of the same acid is 
mixed with 100 mL of the same base, the temperature rise 
would be: 

(a) 5'>C (b) 50°C 

(c) 20°C (d) cannot be predicted 

95. Energy required to dissociate 4 g of gaseous hydrogen into 
free gaseous atoms is 208 kcal at 25° C. The bond eneigy of 
H—H bond will be: 

(a) 1.04 cal (b) 10.4 kcal 

(c) 104 kcal (d) 1040 kcal 

96. The heat of neutralisation of strong base and strong acid is 

57.0 y. The heat released when 0,5 mole of HNO 3 solution is 
added to 0.20 mole of NaOH solution is: (KCET 1993) 

(a) 57.0 y (b)28.5y 

(c) 11.40 y (d) 34.9 y 

97. The enthalpy of combustion of cyclohexane, cyclohexene and 

H 2 are respectively -3920, -3800 and -241 y mol"'. The heat 
of hydrogenation of cyclohexene is: (AIIMS 2007) 

(a) -121 y mol"' (b) 121 ymof' 

(c) -242 y mol"' (d) 242 y mol"' 

98. If C(s)+ 02 (g)->C 02 (g); AH = r 

and CO(g) + -^ 02 (g)->C 02 (g); AH = s 

then the heat of formation of CO is: 

(a) r + 5 (Jo) r- s (c) s- r (d) r x s 

99. Given that, heat of neutralisation of strong acid and strong 

base is 57 .1 y. Calculate the heat produced when 0.25 mole of 
HCl is neutralised with 0.25 mole of NaOH in aqueous 
solution: (CPMT1990) 

(a) 22.5 y (b) 57 y 

(c) 14.275 y . (d) 28.55 y 

100. Which one of the following values of AH° represents that the 
product is least stable? 

(a) -94.0 kcal mol”’ (b) -231.6 kcal mol”' 

(c) +21.4 kcal mol”' (d) + 64.8 kcal mol"' 

101. The value of Aitfo_(| is 109kcalmor'. The formation of one 

mole of water in gaseous state from H(g) and 0(g) is 
accompanied by: (CBSE 1990) 

(a) 218 kcal (b)-109 kcal 

(c) -218 kcal (d) unpredictable 
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102. Heat of neutralisation of a strong dibasic acid in dilute solution 
by NaOH is nearly: 

(a) -27.4 kcal/eq (b) -O.Tkcal/eq 

(c) +13.7 kcal/eq (d) -13.7 kcal/mol 

103. The enthalpy changes at 298 K in successive breaking of 
O—bonds of water are 

H 20 (g)-> H(g) + OH(g ); AF = 498 kJ moP' 

and OH(g)-> H(g) + 0(g ); Ai7 = 428 kJ nwl ' 

The bond enthalpy of O—H bond is: 

(a) 498 kJ mor‘ (b) 428 kJ moP’ 

(c) 70kJmoP' (d) 463 kJ moP' 

104. and Ml for the reaction, S(s) + | 02 (g)-> S 03 (g) 

are related as: 

(&) MJ^M- 0.5RT (b) AH = M~ 1.5RT 

ic)AH = M + RT (d) AH = M + l.5RT 

105. A spontaneous change is one in which the system suffers: 

(VITEEE 2008) 

(a) an increase in internal energy 

(b) lowering in entropy 

(c) low'ering in free energy 

(d) no energy change 

106. The free energy change for a reversible reaction at equilibrium 
is: 

(a) zero (b) positive 

(c) negative (d) none of these 

107. In the evaporation of water, the entropy: 

(a) decreases (b) increases 

(c) does not change 

(d) sometimes increases, sometimes decreases 

108. In which of the following change entropy decreases? 

(a) Crystallisation of sucrose from solution 

(b) Dissolving sucrose in water 

(c) Melting of ice 

(d) Vaporisation of camphor 

109. For the precipitation reaction of Ag ^ ions with NaCl which of 
the following statements is tree? 

(a) AH is zero for the reaction 

(b) AG is zero for the reaction 

(c) AG is negative for the reaction 

(d) AG should be equal to Aff 

110. If enthalpy of vaporisation of water is 186.5 kJ/mol, the 
entropy of its vaporisation will be: 

(a) 0.5 (b) 1.0 (c) 1.5 (d) 2.0 

111. A reaction is non-spontaneous when: [AMU (Medical) 2006) 

(a) AH is +ve, AS is -ve 

(b) both AH and AS are -ve 

(c) AH is -ve and AS is +ve 

(d) none of the above 

112. Standard entropies of 2 / 2 ,F 2 are 60, 40 and 50 

JK“*moP' respectively. For the reaction: 

-Xt+-Y2^=^ XY.-, Ai/ = -30kJ 
2 2 

to be at equilibrium, the temperature should be : 

[CBSE (PMT) 2010] 


(a) 750 K 
(c) 1250 K 

[Hint; AS 


Products 

= 50- 


(b) 1000 K 

(d) 500 K 

■ 2 5'Reactants 


-X60+-X40 
2 2 


= 50- (30 + 60) = -40 JK“‘ moP 
At equilibrium, AG = AH - TAS = 0 
i.e., AH- 


T = 


TAS 

AH 


-30x1000 


= 750 K] 


AS -40 

113. ‘At absolute zero the entropy of a perfect crystal is zero. ’ This 
statement corresponds to which law of thermodynamics? 

(a) First law (b) Second law 

(c) Third law (d) None of these 

114. Unit of entropy is: [PMT (Punjab) 2007] 

(a)JK^'mDp' (b) JmoP' 

(c) P* moP' (d) JKmoP' 

115. Given that AHf{H) =218 kJ/mol, express the H—H bond 

energy in kcal/mol: (EAMCET2009) 

(a) 52.15 (b) 911 

(c) 109 (d) 5.2153 

116. For which reaction from the following, A S will be maximum? 

(a) Ca(^) + i 02 (g)->CaO(s) 


(b) CaCO, (s)-> CaO(s) + CO 2 (g) 

(c) C(s)+ 02 (g)-»C 02 (g) 

(d) N 2 (g) + 02 (g)-^2NO(g) 

117. A particular reaction at 27° C for which AH > 0 and AS > 0 is 
found to be non-spontaneous. The reaction may proceed 
spontaneously if: 

(a) the temperature is decreased 

(b) the temperature is kept constant 

. (c) the temperature is increased 

(d) it is carried in open vessel at 27° C 

118. The least random state of water system is: 

(a) ice (b) liquid water 

(c) steam (d) randomness is same in all 

119. Although the dissolution of ammonium chloride in water is an 
endothermic reaction, even then it is spontaneous because: 

(a) AH is positive, AS is -ve 

(b) AH is +ve, AS is zero 

(c) AH is positive, T AS < AH 

(d) A77 is +ve, AS is positive and AH <T AS 

120. For an exothermic reaction to be spontaneous: 

(a) temperature must be high 

(b) temperature must be zero 

(c) temperature may have any magnitude 

(d) temperature must be low 

121. For the reversible process, the value of AS is given by the 
expression: 

(a)^ (b)r-9„v 

(c) X T (d) - T 
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122. In an electrochemical cell, if E° is the emf of the cell involving 
n mole of electrons, then AG° is: 

(a) AG° = nFE° (b) AG° = - 

(c) E°=- nF AG° (d) AG° = nF/E° 

123. The correct relation between equilibrium constant (K), 
standard free energy (AG °) and temperature (T) is: 

ICET (J&K) 2006] 

(a) AG“ = RT In K (h) K = g-AG-arosjtr 

(c) AG° = - FT log K (d) K = rt 

(e) AG° = R In K 

124. The value of entropy in the universe is: 

(a) constant (b) decreasing 

(c) increasing (d) zero 

125. Which of the following thermodynamic relation is correct? 

|JEE (WB) 2010] 

(a) dG = VdP - SdT (b) dU = PdV + TdS 

(c) dH = -VdP + TdS (d) dG = VdP + SdT 

[Hint: dG = dH- TdS - SdT 
(G = H-TS) 
dH = dU + PdV+ VdP 
(H=U + PV) 
and dU = TdS-PdV 

dG = (TdS - PdV)+PdV + VdP- TdS - SdT 
dG = VdP - SdT] 

126. If enthalpies of formation for C 2 H 4 (g ), CO 2 (g ) and H 20 (/) 
at 25°C and 1 atm pressure be 52, -394 and -286 kJ mor' 
respectively, enthalpy of combustion of C 2 H 4 (g) will be: 

(CBSe' 1995) 

(a) +141.2 kJ mor* (b) +1412 kJ mor' 

(c)-141.2 kJ mol”^ (d)-1412 kJ mor' 

127. Identify the correct statement regarding entropy: (CBSE 1998) 

(a) at absolute zero, the entropy of a perfectly crystalline 
substance is + ve. 

(b) at absolute zero, the entropy of a perfectly crystalline 
substance is zero. 

(c) at O^C the entropy of a perfectly crystalline substance is 
taken to be zero. 

(d) at absolute zero of temperature the entropy of all 
crystalline substances is taken to be zero. 

128. The enthalpy and entropy change for a chemical reaction are 

- 2.5 X 10”^^ cal and 7.4 cal deg"' respectively. Predict 
whether the nature of reaction at 298 K is: (AFMC 1998) 

(a) spontaneous (b) reversible 

(c) irreversible (d) non-spontaneous 

129. One mole of an ideal gas at 300 K is expanded isothermally 

from an initial volume of 1 litre to 10 litre. The AE for this 
process is: (i? = 2 cal K"'mol"') (CBSE 1998) 

(a) 163.7 cal (b) 1381.1 cal 

(c) 9 litre-atm (d) zero 

130. The latent heat of vaporisation of a liquid at 500 K and 1 atm 
pressure is 10 kcal/mol. What will be the change in internal 
energy (AE ) of 3 moles of liquid at the same temperature? 

(CBSE 1998) 

(a) 13.0 kcal (b) -13.0 kcal 

(c) 27.0 kcal (d) -27.0 kcal 


131. The enthalpy change of a reaction does not depend on: 

(AlIMS 1997) 

(a) state of reactants and products 

(b) nature of reactants and products 

(c) different intermediate reactions 

(d) initial and final enthalpy change of reaction 

132. Which plot represents an exothermic reaction? 



Reaction coordinate Reaction coordinate 



Reaction coordinate Reaction coordinate 


133. S + 1 0, -> SO 3 + 7x kcal; 

SO 2 + ^ O 2 -> SO 3 + y kcal 

The heat of formation of SOj is: 

lAIIMS 1997; PET (Kerala) 2008] 
(a) y-2x (h) 2x+ y (c) x + y (d) 2x/ y 

134. Given, 

NH 3 (g) + 3 CI 2 (g) ^ NCI 3 (g) + 3HCl(g); -AH, 

N2(g)+3H2(g)^2NH3(g); -AH^ 

H2(g)+Cl2(g)^2HCl(g); AH, , 

The heat of formation of NCl 3 (g) in terms of AH,, AH 2 and 
AH, is: (EAMCET 1998) 

(a) AHf = - AH,+^AH 2 -^AH, 

(b) AHj- = AH,+^AH2- ^AH, 

(c) AHf = AH,-^AH 2 -^AH, 

(d) none of the above 

135. The word ‘standard’ in standard molar enthalpy change 
implies: 

(a) temperature 298 K 

(b) pressure 1 atm 

(c) temperature 298 K and pressure 1 atm 

(d) all temperatures and all pressures 

136. The heat of formation (A/f^) of H 20 (/) is equal to: 

(a) zero 

(b) molar heat of combustion of H, (/) 

(c) molar heat of combustion of Hj (g) 

(d) sum of heat of formation of H 20 (g) and O 2 (g ) 

137. An example of extensive property is: 

(a) temperature (b) internal energy 

(c) viscosity (d) molar heat capacity 

138. For a diatomic molecule AB, the electronegativity difference 
between A and B = 0.2028 Va [where, A = bond energy of 
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AB - geometric mean of the bond energies of a«l ^ 2 ]. The 
electronegativities of fluorine and chlorine are 4.0 and 3.0 
respectively and the bond energies are of F—F: 38 kcal omF' 
and of Cl—Cl: 58 kcal moC'. The bond energy of Cl—F is; 

(a) ~ 71 kcal/mol (b) ~ 61 kcal/mol 

(c) ~ 48 kcal/mol (d) ~ 75 kcal/mol 

139. The value of A//° for the reaction Cu (g) + F (g) —» Cul(g) 
is - 446 kJ mol~*. If the ionisation energy of Cu(g) is 745 kJ 
moF* and the electron affinity of I(g) is -295 kJ moF*, then 
the value of AH° for the formation of one mole of Cul(g )ffom 
Cu(g)andl(g)is: 

(a)- 446kJ (b) 450kJ (c) 594kJ (d) 4 kJ 

140. If the enthalpy change for the reaction, 

CH 4 (g) + CI 2 (g) -^ CHjClfg) + HCl(g y,AH = -25 kcal. 
Bond energy of C—is 20 kcal moF* greater than the bond 
energy of C—Cl and bond energies of H—H and H—Cl are 
same in magnitude, then for the reaction HjCg) + CljCg) 
2HCl(g),Afl^=? 

(a) -22.5 kcal/mol (b) -20.5 kcal/mol 

(c) -32.5 kcal/mol (d) -12.5 kcal/mol 

141. The standard heat of formation of sodium ions in aqueous 
solution from the following data: 

Heat of formation of NaOHfa^,) at 25° C = - 470.7 kJ 
Heat of formation of OHT (aq) at 25° C = - 228.8 kJ 
is; 

(a) -251.9kJ (b) 241.9kJ (c) -241.9kJ(d) 251.9kJ 

142. AB, A 2 and B 2 are diatomic molecules. If the bond enthalpies 
of A 2 ,AB and B 2 are in the ratio 1:1:0.5 and the enthalpy of 
formation of .45 from ^2 ®®1 B 2 is-lOOkJmoF'.whatisthe 
bond enthalpy of A 2 ? 

(a) 400kJmoF' (b) 200kJmoF' 

(c) lOOkJmoF* (d) SOOkJmoF* 

143. The lattice energy of solid NaCl is 180 kcal per mol. The 
dissolution of the solid in water in the form of ions is 
endothermic to the extent of 1 kcal per mol. If the solvation 
energies of Na^ and CF ions are in the ratio 6 : 5, what is the 
enthalpy of hydration of sodium ion? 

(a) - 85.6 kcal/n»l (b) - 97.5 kcal/mol 

(c) 82.6kcal/mol (d) +100 kcal/mol 

144. Which one of the following statements is Mse? 

[IIT (Screening) 2000, 011 

(a) Work is a state ftmction 

(b) Temperature is a state ftmction 

(c) Work appears at the boundary of the system 

(d) Change in the state is completely defined when the initial 
and final states are specified 

145. A<j° for the reaction x + y z is - 4.606 kcal. The value 
of equilibrium constant of the reaction at 227° C is: 

(IIT 1999) 

(a) 100 (b) 10 (c) 2 (d) 0.01 

{R = 2.0 cal K“' moF*) 

[Hint: AG° = -RTx 2.303 x log is: ] 

146. The enthalpy of solution of BaCl 2 (s) and BaCl 2 • 2 H 20 (s) are 

-20.6 and 8.8 kJ mol”', respectively. The enthalpy change for 
the reaction is; (IIT 1998) 


(a) 29.8kJ (b)-ll. 8 kJ 

(c) -20.6 W (d) -29.4 kJ 

147. For the reaction, 

+l(g)+2fi(g)->2C(g)+3D(g) 

the value of AH at 27° C is 19.0 kcal. The value of AE for the 
reaction would be: (Given, R = 2.0cal K”' moF'):(jj'[’ iqqg) 
(a) 20.8 kcal (b) 19.8 kcal (c) 18.8 kcal (d) 17.8 kcal 

148. In thermodynamics, a process is called reversible when: 

11 IT (Screening) 2000, 01] 

(a) surroundings and system change into each other 

(b) there is no boundary between system and surroundings 

(c) the surroundings are always in equilibrium with the system 

(d) the system changes into the surroundings spontaneously 

149. The heat liberated when 1.89 g of benzoic acid is burnt in a 

bomb calorimeter at 25°C increases the temperature of 18.94 
kg of water by 0.632°C. If the specific heat of water at 25°C is 
0.998 cal g”'deg”', the valuq'of heat of combustion of benzoic 
acid is: (AFMC2010) 

(a) 881.1 kcal (b) 771.4 kcal 

(c) 981.1 kcal (d) 871.2 kcal 

[Hint: Heat liberated by 1.89 g of benzoic acid, 
q = msAT 

= 18940x 0.998 x 0632 
= 11946.14 cal 

Heat liberated by the combustion of 
1 mol benzoic acid, i.e., 

122 g benzoic acid 

1194614 

= — X122 = 771126.5 cal 
L89 

= 771.12 kcal moF*] 

150. One mole of a non-ideal gas undergoes a change state (2 atm, 

3 L, 95 K) to (4 atm, 5 L, 245 K) with a change of internal 
energy, AU = 30 L atm. The change in enthalpy (AH) of the 
process in L atm.: 11 IT (S) 20021 

(a) 40.0 (b) 42.3 

(c) 44,0 

(d) not defined, because pressure is not constant 

151. Which of the following reactions defines AHj ? 

inT(S) 20031 

(a) ^(diamond) ^ 02 (g)—>C02(g) 

(b) ^H 2 (g)+^F 2 (g)->HF(g) 

(c) N 2 (g)+ 3 H 2 (g)--> 2 NH 3 (g) 

(d) CO(g) +1 02 (g)-> C02(g) 

152. If the enthalpies of formation of AI 2 O 3 and Cr 203 are -1596 kJ 
and -1134kJ respectively, then the value of AH for the 
reaction; 

2A1 + CrjOj-» 2a + AI 2 O 3 is: (AIIMS 2004) 

(a) -462 kJ (b) -1365 kJ 

(c) -2530 kJ (d) +2530 kJ 

153. Which of the following is true for spontaneous process? 

[PMT (Himachal) 20(16] 
(a) AG >0 (b) AG < 0 (c) AG =0 (d) AG = T A5 
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154. Considering entropy(s) as a thermodynamic parameter, the 
criterion for the spontaneity of any process is: 

ICBSE (PMT) 20041 

(a) + ^‘^surroundings ^ ^ 

(b) ^‘^surroundings ^ ® 

(c) > Oonly 

(d) > Oonly 

155. An ideal gas expands in volume from IxlO^m^ to 

IxlO^^m^ at 300 K against a constant pressure of 
lx 10* Nm"^. The work done is; (AIEEE2004) 

(a) -900 J (b) -900 kJ 

(c) 270 kJ (d) +900 kJ 

156. What is the value of internal energy change (A17) at n°C of a 

gaseous reaction 2 A 2 {g) + 5B2ig) -> 2 . 12 -^ 5 (S’) (whose 

heat change at constant pressure is -50700 J)? 

R = a314 JK'’ mor' (SCRA 2009) 

(a)-50700 J (b)-63171 J 

(c) -38229 J (d) +38229 J 

[Hint: AH^AU+An^RT 

-50700 = AC/+ (-5) X a314 X 300 
AC/= -382291] 

157. Two mole of an ideal gas is expanded isothermally and 

reversibly from 1 litre to 10 litre at 300 K. The enthalpy 
change (in kJ) for the process is: [IIT (S) 2004] 

(a) 11.4kJ (b) -11.4 kJ (c) OkJ (d) 4.8 kJ 

158. The enthalpy of vaporization of a liquW is 30 kJ moF* and 

entropy of vaporization is 75 J moF* K . The boiling point of 
the liquid.at 1 atm is: IIIT (S) 2004] 

(a) 250 K (b) 400 K (c) 450 k' (d) 600 K 

159. The sublimation energy of l 2 {s) is 57.3 kJ/mol and the 

enthalpy of fusion is 15.5 kJ/mol. The enthalpy of 
vaporisation of F is: (DCE 2005) 

(a) 41.8 U/mol ' (b) - 41.8 kJ/mol 

(c) 72.8 kJ/mol ■ (d) - 72.8 kJ/mol 

[Hint. — AC/jy^ipp + A//yjJppj.jgg^jpp] 

160. AH and AS for a reaction are +30.558 kJ moF* and 0.066 kJ 

K“^ moF* at 1 atm pressure. The temperature at which free 
energy change is zero and the nature of the reaction below 
this temperature is: [PET (Kerala) 2005] 

(a) 483 K, spontaneous (b) 443 K, non-spontaneous 

(c) 443 K, spontaneous (d) 463 K, non-spontaneous 

(e) 463 K, spontaneous 

161. What would be the amount of heat released when an aqueous 
solution containing 0,5 mole of HNO 3 is mixed with 0.3 mole 
of OH^ (enthalpy of neutralisation is -57.1 kJ)? 

IPET (Kerala) 2005] 

(a) 28.5 kJ (b) 17.1 kJ (c) 45.7 kJ (d) 1.7 kJ 
(e)2.85kJ 

[ Hint: 0,3 mole OH ' ion will be completely neutralised, 

AH =-57.1 X 0.3 = -17.13 kJ] 

162. A process in which the system does not exchange heat with the 

surroundings is known as: [CET (J&K) 2005] 

(a) isothermal (b) isobaric . (c) isochoric (d) adiabatic 

163. The entropy of a crystalline substance at absolute zero on the 
basis of third law of thermodynamics should be taken as; 

[CET (J&K) 2005] 


(a) 100 (b) 50 

(c) zero (d) different for different substances 

164. Which of the following expressions is correct? 

[JEE (Orissa) 2005] 

(a)AG° = -ni?£° {h)AG° = + nFE° 

(c) AG ° = - 2M-iRTnFE°^^^ (d) AG° = ~-nF log K,' 

165. Consider the reaction, N2(g)+3H2(g)——>2NH3(g); 
carried out at constant temperature and pressure. If AH and 
AU are enthalpy change and internal energy change 
respectively, which of the following expressions is true? 

(AIEEE 2005) 

(a)A// = 0 (b)AH = AG 

(c)AH<AU (d)AH>AU 

[Hint: AH = AG + Ani?r, A« = 2-4 =-2 
AH<AG] 

166. The absolute enthalpy of neutralisation of the reaction, 

, MgD(s) + 2HCl(aa)-> MgCl2(ao.)+H20(/) 

will be; |CBSE-PMT (Pre) 2005] 

(a) -57.33 kJmor‘ 

(b) greater than -57.33 kJ moF' 

(c) less than -57.33 kJ moF* 

(d) 57.33 kJ moF‘ 

[Hint: Since, MgO is an oxide of a weak base, hence its 
neutralisation will evolve the heat less th'an 57.33 kJ moF‘] 

167. The entropy values (in J K"' moF’) of H 2 (g) = 130.6, Clj (g) 
= 223 and HCl(g)= 186.7 at 298 K and 1 atm pressure are 
given. Then entropy change for the reaction, 

H2(g) + Cl2(g)-»2HCl(g) 

is: ]BHU (Pre) 2005] 

(a)+ 540.3 (b) +727.3 (c)-166,9 . (d)+19.8 

168. A mixture of 2 mole of CO(g) and one mole of Oj, in a closed 

vessel, is ignited to convert the carbon monoxide to carbon 
dioxide. If AH and AG are enthalpy and internal energy 
change, then: (KCET 2005) 

(a) AH > AG 

(b) AH < AG 

(c) AH = AG 

(d) the relationship depends on the capacity of the vessel 

169. Consider the following reactions at 1000°C: 

A. Zn(s) + i 02 (g) —+ ZnO(s); AG° = - 360 kJ moF' 

B. C (graphite) + ^ 02 (g)-> CO(g); AG° = - 460 kJ/mol 

Choose the correct statement at lOOCFC: 

[PMT (Kerala) 2006] 

(a) zinc can be oxidised by carbon monoxide. 

(b) ZnO can be reduced by graphite. 

(c) both (a) and (b) are true. 

(d) both (a) and (b) are false. 

(e) , carbon monoxide, can be reduced, by zinc. . 

170. Which one of the following equations does not correctly 

represent the first law of thermodynamics for the given 
process? [PET (Kerala) 2006] 
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(a) Isothermal process : q = - w 

(b) Cyclic process : q = - w 

(c) Isochoric process , : AU = q 

(d) Adiabatic process : AU = -w 

(e) Expansion of gas into vacuum : AU = q 

[Hint:; In adiabatic process q = Q 

From Aiy = q - w ■ 

Work is done by the system, 


AU = -w , for adiabatic process] 

17L The. enthalpy and entropy changes for the reaction; 

' BrjC/) + CljCg) ^ 2BrCl(g) 
are 30 . kJ mol”’ and 105 J K“' mol”' respectively. The 
temperature at which the reaction will be in equilibrium is; 

[CBSE (Med.) 2006] 

(a) 285.7 K (b) 273 K (c) 450 K (d) 300 K 

172. {AH - AC/) for the formation of carbon monoxide (CO) from 
its element at 298 K is; (/? = 8.314 JK“’ mor') 

(AIEEE2006) 

(a)-1238;78 J mor’ . (b) 1238.78 J moE* 

(c) -2411.51 J mor' • (d) 2477.57 J moP' 

[Htofe C(i) + i 02 (g) ^ CO(g) A«^ = 1-1 = 1 

M-AU=AnRt. 

= 1 xr8.314 X 298 = 1238.786 J mor'] 

2 , 

173. For a phase change; 

' H 20 (/) H20(5) 

0°C,lbar (AnMS2006) 

(a) AG = 0 (b) A5 = 0 

(c) AH = Q (d) AC/ = 0 

174. We can drive any themiodynamically forbidden reaction in the 
desirdd direction by coupling with; {PET (Kerala) 2006] 

(a) highly exothermic reaction 

(b) highly endothermic reaction 

(c) highly exergonic reaction 

(d) highly endergonic reaction 

(e) reaction with large positive AS values 

l^S. .Given that, bond energies of H—H and Cl—Cl are 
: 430 kJ/mol and 240 kJ/mol respectively. AHj^ for HCl is 
- 9.0 kJ/ mol. Bond enthalpy of HCl is; [CBSE (Med.) 2007] 
(a)^380kJmor' (b) 425kJmor' 

(c) 245 kJ moP' (d) 290 kJ moP' 

liH. The amount of heat released, when 20mL of 0.5 M NaOH is 
mixed with 100 mL of 0.1 M HCl, is x kJ. The heat of 
neutralization (in kJ mdl/') is; jjBHU ;(Mains) 100^ 

(a) -lOOx (b) - 50x (c) +100x (d) + 50x 

[Hmt: Number of moles of NaOH = 1— = = 0.01 

1000 1000 

M K h i 0 - 1 x 100 

Number of moles of HCl = —^ =-= 0.01 

- , 1000 1000 

— X 

Heat of neutralization =-= - lOOx ] 

' 0.01 

iro. In the'conversion of limestone to lime, 

CaC 03 (j)->Ca0(5)+C02(g) 

the values of AH° and AS° are +179.1 kJmoP' and 


160.2 JK ' mol ' respectively at 298 K and 1 bar. Assuming 
that, AH° and AS° do not change with temperature; 
temperature above which conversion of limestone to lime will 
be spontaneous is; • (AIEEE 2007) 

(a) 1118 K (b) 1008 K (c) 1200 K (d) 845 K 

178. Assuming that, water vapour is an ideal gas, the internal energy 
change (AN) when 1 rnpl of water is vaporised at 1 bar pressure 
and 100°C, (given; molar enthalpy of vaporisation of water at 1 
bar and 373K =41 kJ moP' and/? = 8.3 JK“' moP') will be; 

(AIEEE 2007) 

(a) 41.00 kJmoP' (b) 4.100kJmoP' 

(c) 3.7904 kJmoP' (d) 37.904 kJmoP' 

[Hint: AU = AH - AnRT 

= 41000-1x 8.314 x 373 
= 37898.878 JmoP' 

= 37.9 kJ moP* ] 


179. For the process, 

H20(/) (1 bar, 373K) —^ H20(g)(l bar, 373K). 

The correct set of thermodynamic parameters is; (IIT 2007) 
(a) AG = 0,AS'=+ve . (b) AG = 0, AS = - ve 

(c) AG = + ve, AS' = 0 (d) AG = - ve, AS = + ve 

180. For the reaction, 

2H2(g)-f 02 (g)->2H20(g); AF° = -573.2kJ 

The heat of decomposition of water per mol is; 

(MHT-CET 2007) 

(a) 286.6 kJ (b) 573.2 kJ (c) - 28.66 kJ(d) zero 

181. The free energy change AG = 0, when; [CET (J&K) 2007] 

(a) the reactants are completely consumed 

(b) a catalyst is added 

(c) the system is at equilibrium 

(d) the reactants are initially mixed 

182. In a closed container, a liquid is. stirred with a paddle to 
increase the temperature, which of the following is true? 

[PMt (Pb.) 2007] 

{&) AU = AW i^Q,q = Q {h) AU = W = Q,q * Q 

(c) AU = 0,W = q^0 (d) W = 0,AU = q^0 

183. For the gas phase reaction, 

PCl5(g)'^PCl3(g)+Cl2(g) 

Which of the following conditions are correct ? 

(CBSE-PMT (Pre) 2008] 

(a) A//< 0, AS < 0 (b)A//>0andAS<0 

(c) A// = 0, AS < 0 (d) A// > Oand AS > 0 

184. Which of the following is correct ? ![BHU (Screening) 2008] 


(a) C.y - 




(Internal pressure in van dar Waals’ equation) 

185. Which of the following represents total kinetic energy of one 
mole of gas? {(4EE((Onssa') '2008j 

(a)i/?r (h)^RT (c)(Cj,-Cy)RT (d)^/?r 
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186. Standard entropy of X 2 , Y 2 and XY^ are 60, 40 and 50 JK ’ 

mor ‘ respectively. For the reaction ; 

- Jf, +- 7,-> XY., A// = - 30 kJ, 

2^1 


A// = - 30 kJ, 


to be at equilibrium, the temperature will be : (AIEEE 2008) 
(a) lOOOK (b) 1250K (c) 500K (d) 750K 

[Hint: + 1^2 ^-^3 

= A5“;^ - i - 1 AA°,^ 

= 50--x60--x40 = -40JK‘' mol"’ 

2 2 

AG = A// - r AS = 0 at equilibrium. 

, -30x1000^^3^^ 

AS 40 

187. 4.48 L of an ideal gas at S.T.P requires 12 calories to raise its 
temperature by 15C° at constant volume. The Cp of the gas is : 

[PMT (Kerala) 2009) 

(a) 3 cal (b)4cal (c)7cal (d) 6 cal 
(e) 9 cal 

[Hint: Cy = , n = — = 0.2 

nbJ 2.24 

=-= 4 cal 


0.2x15 

Cp —Cy + R = 4 + 2 = 6 cal] 

188. On the basis of following thermochemical data : 
[AyG'’H’’(u9)=0] 

H 20 (/)- >l{"(aq)+OEriaq) ; A//= 57.32kJ 


H 2 (g) + ^ 02 (g)- 


■H20(/) ; A// = -286.2kJ 


The value of enthalpy of formation of OH ion at 25°C is: 

(AIEEE 2009) 

(a) -22.88 kJ (b) -228.88 kJ 

(c) +228.88 kJ (d)-343.52 kJ 

[Hint: The equation for the formation of OH”(a 5 ) is: 


H 2 fe)+ - 02 (g)- 


• ( aq ) + OH ( aq ) 


It is obtained by adding the two given equations : 

AH = 57.32+ (-286.2) = -228.88 kJ ] 

189. The values of AH and AS for the reaction, 

C(graphite) + C 02 (g)->2CO(g) are 170 kJ and 170 

JK"’ respectively. This reaction will be spontaneous at: 

[CBSE (PMT) Pre 2009] 

(a) 510 K (b) 710 K (c) 910 K (d) 1110 K 
[Hint: AG = AH - TAS, AG should be negative for spontaneous 
process. 

AH-TAS <0 
AH <TAS 

^^AH .^^ 170x1000 

or T > -, T > - 

AS 170 

r>1000K] 

190. In which reaction, there will be increase in entropy? 

(DCE2009) 


(a) Na(s)+H 20 (/)^ 

(b) Ag^(aq) + Cr(aq)^ 

(c) H 2 (g)+^ 02 (g)^ 


-NaOH(ag)+-H 2 (g)-t 

-> AgCl(i) 


- Hj'OC/) 


(d) Cu^"(ag)+ 4NH3(g)-> [Cu(NH 3 

191. The species which by definition has zero standard molar 

enthalpy of formation at 298 K is: (HT 2010) 

(a) Br 2 (g) (b) Cl 2 (g) 

(c) H 20 (g) (d) CH^Cg) 

192. The standard enthalpy of formation of NHj is -A€ kJ mol"’. If 

the enthalpy of formation of H 2 from its atoms is ^36 kJ mol"' 
and that of Nj is -712 kJ mol"’, the average bond enthalpy of 
N—H bond in NH 3 is: (AIEEE 2010) 

(a) + 1056 kJ mor’ , (b)-1102 kJ mol"’ 

(c) -964 kJ mor’ (d) +352 kJ mol"’ 


[Hint; A (N = N)+ A(H— H) - 


•H—N 


A// = -46 kJ mor’ 
BE(N = N)=-712kJmor' 

BE(H —H) = ^36kJmor' 

Let B.E. of (N — H) = X kJ mol"’ 

AH = S(B.E.)Rjji,uj,t 5 -2(B.E.)p,„(juj,5 


-46 = ^-(712) + -(436)J-3x 
X = 352 kJ mol”’] 

193. A 1 g sample of substance A at 100°C is added to 100 mL of 
H 2 O at 25°C. Using separate 100 mL portion of H 2 O, the 
procedure is repeated with substance B and then with substance 
C. How will the final temperatures of the water compare? 


Substance 

A 


(a) Tq > Tg > 
[Hint : q = msAT 


Specific heat 

o.6Jg”‘ °cr' 

0.4 Jg"' °cr' 

0.2 J g"’ ° cr’ (DUMIT 2010) 

(b) Tg >Tji >Tq 


Higher is the temperature of given solution, lesser is the 
temperature difference, so higher is the specific h^t. Order of 
specific heat is ^4 > 5 > C. Hence order of temperatiffe -will be ; 

Ta>Tb>Tc] 

194. For vaporisation of water at 1 atmospheric pressure, the values 
of AH and AS are 40.63 kJ mol"’ and 108.8 J K"‘mor' 
respectively. The temperature when Gibbs free energy change 
(AG) for transformation will be zero, is: fCBSE i(PMT) 2010] 
(a) 273.4 K (b) 393.4 K 

(c) 373.4 K (d) 293.4 K 

[Hint:AG=A/7-rAS 

0 = 40.63x1000-7x108.8 
7= 373.4 K] 
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Set>2; The questions given below may have more 
than one correct answers 

1. Which is intensive property? 

(a) Mass (b) Mass/volume 

(c) Volume (d) Volume/mass 

2. Which is an irreversible process? 

(a) Mixing of two gases by diffusion 

(b) Evaporation of water at 373 K and 1 atm pressure 

(c) Dissolution of NaCl in water 

(d) All of the-above 

3. One mole of anhydrous M^lj dissolves in water and liberates 
25 cal/mol of heat. hH of MgCl 2 = - 30 cal/mol. Heat 
of dissolution of MgCl 2 ■ H 2 O is: 

(a) +5 cal/mol (b) -5 cal/mol 

(c) 55 cal/mol (d) -55 cal/mol 

4. Following enthalpy changes are given: 

a-D glucose(5)-> a -D glucosefa^.); Af/ = 10.72 kJ 

(3 -D glucosefs)-> p -D glucose(ag.); Aff = 4.68 kJ 

a-D glucose(s)->P-Z) glucosefa^.); A// = 1,16kJ 

Calculate the enthalpy change in, 

a-D glucose(s)->p- D glucose(s) 

(a) 14.24 kJ (b) 16.56 kJ (c) -7.2 kJ (d) 4.88 kJ 

5. If X and y are arbitrary extensive variables, then: 

(a) (x + y) is an extensive variable 

(b) x! y is an intensive variable 

(c) dx/dy is an intensive variable 

(d) both (b) and (c) 

6. If X and y are arbitrary intensive variables, then: 

(a) xy is an intensive variable 

(b) x! y is an intensive variable 

(c) (x + y) is an extensive property 

(d) dx! dy is an intensive property 

H 2 fe)+^ 02 fe)- hH =x 

H2fe) + j 02(g) -> H20(/); ah = y 

Heat of vaporization of water is; 

(a) X + y (b) X - y (c) y - x (d) - (x + y) 

8, Which is correct about AG? 

(a) AG = AH -T AS (b) At equilibrium, AG ° = 0 
(c) At eq. AG = ~RT log K (d) AG = AG°-i-RT log K 

9. Dissociation of sodium azide is given by, 

NaNj-> Na + 3 / 2 N 2 ; 


W K^/(N2) ~'^/(NaNj) 

(b) - AH 

(C) AH} ,HaN3) “ [ A//; (N.) + K (N2) ] 

(d) AHj- AHj j - AHj ^ 

10. The lattice energy of KCl is 202 kcal/mol. When KCl is 
dissolved in water 2 kcal/mol is absorbed. If the sol energies of 
K"^ and Cl" are in the ratio 2:3; then A/Zhydraiion of K,'*' is: 

(a) -80 kJ/mol (b) -120 kJ/mol 

(c) -150kJ/mol (d) 133.3 kJ/mol 

11. WI 

(a) 

dF 

(b) — = 0 (for ideal gas) 



= — (for ideal gas) 

p ^ 

(d) All of the above 

12. The standard Gibbs free energy AG ° is related to equilibrium 
constant Kp as: 

(&) Kp=-RT\o%AG° (h) Kp=[el RTf^’’ 

(c) Kp=- AGVRT (d) Kp = 

13. For the two equations given below; 

H2(g) + YiOzig) -> H20(/) + X, kJ 

02 (g)-> H20(g) + X2 kJ 

Select the correct answer: 

(a) X, > X 2 (b) X 2 > Xj 

(c) X, = X 2 (d) Xj + X 2 = 0 

14. A£ = 0, for which process? 

(a) Cyclic process (b) Isothermal expansion 

(c) Isochoric process (d) Adiabatic process 

15. For a reaction to be spontaneous in neither direction, which of 
the following is/are correct regarding the closed system? 

JBHU (Mains) 2007] 

(l)(AG)2.p=0 (2)(AG)rp<0 

{?>) (AS\j\p=Q 

Codes: 

(a) 1,2 and 3 are correct (b) 1 and 2 are correct 

(c) 2 and 4 are correct (d) 1 and 3 are correct 



AH for this is: 
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Assertion-Reason TYPE QUESTIONS 


Set-1 


Set-2 


The questions given below consist of an ‘Assertion’ (A) and the 
‘Reason’ (R). Use the following keys to choose the appropriate 
answer: 


1 


(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

, (A) The endothermic reactions are favoured at lower 
temperature and the exothermic reactions are favoured at 
higher temperature. 

(R) When a system in equilibrium is disturbed by changing the 
temperature, it will tend to adjust itself so as to overcome 
the effect of the change. 


2. (K)Cp-Cy 


(R) 


dE 

dV 


: R for an ideal gas. 
: 0 for an ideal gas. 


(A) When hydrogen gas at high pressure and room 
temperature expands adiabatically into a region of low 
pressure, there is a decrease in temperature. 

(R) Hydrogen gas at room temperature is above its inversion 
temperature. 

(A) The thermodynamic factor which determines the 
spontaneity of a process is the free energy. For a process to 
be spontaneous the free energy must be -ve. 

(R)The change in free energy is related to the change in 
enthalpy and change in entropy. The change in entropy for 
a process must always be positive if it is spontaneous. 

(A) The Joules-Thorason coefficient for an ideal gas is zero. 

(R) There are no intermolecular attractive forces in an ideal 
gas. 

(A) As temperature increases, heat of reaction also increases 
for exothermic as well as endothermic reactions. 

(R) varies according to the relation: 


AH-,-AH, 


■ ACp 


Ti-T, 

(A) All exothermic reactions are spontaneous at room 
temperature. 

(R) AG = - ve for above reactions and for spontaneous 
reactions AG = - ve. 

(A) Efficiency of a reversible engine is 100% (maximum) 
when the temperature of sink is - 273°C. 

(R) Efficiency of engine, ti = ———. 


The questions given below consist of statements ‘Assertion’ (A) and 

‘Reason’ (R). 

(a) If both (A) and (R) are correct and (R) is the correct 
reason for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) . If (A) is true but (R) is false. 

(d) If both (A) and (R) are false. 

1. (A) Enthalpy of graphite is lower than that of diamond. 

(R) Entropy of graphite is lower than that of diamond. 

(AHMS »94)i 

2. (A) The enthalpy of formation of gaseous oxygen molecules at 

298 K and under a pressure of one atm is zero. 

(R) The entropy of formation of gaseous oxygen molecules 
under the same condition is zero. (AIIMS 1996) 

3. (A) Heat of neutralization for both HNO 3 and HCl with NaOH 

is 53.7 kJ per mol. 

(R) NaOH is a strong electrolyte/base. (AHMS 1997) 

4. (A) Decrease in free energy causes spontaneous reaction. 

(R) Spontaneous reactions are invariably exothermic. 

(AIIMS 1997) 

5. (A) Many endothermic reactions that are not spontaneous at 

room temperature become spontaneous at high 
temperature. 

(R) Entropy of the system increases with increase in 
temperature. (AIIMS 1998) 

6 . (A) The enthalpy of formation of H 20 (/) is greater than that of 

H 20 (g). 

(R) Enthalpy change is negative for the condensation reaction 
H 20 (g)->H 20(0 

7. (A) For a particular reaction, heat of combustion at constant 

pressure {qp ) is always greater than that at constant 
volume iqy). 

(R) Combustion reactions are invariably accomplished by 
increase in number of moles. (AHMS 1998) 

8. (A) The enthalpy of both graphite and diamond is taken to be 

zero, being elementary substances. 

(R) The enthalpy of formation of an elementary substance in 
any state is taken as zero, 

9. (A) Heat of neutralization of perchloric acid, HCIO 4 , with 

NaOH is same as that of HCl with NaOH. 

(R) Both HCl and HCIO 4 are strong acids. 

10. (A) Heat of ionization of water is equal to the heat of 
neutralization of a strong acid with a strong base. 

(R) Water ionizes to a very small extent while HT ions from 
acid combine very rapidly with OH” from base to form HjO. 
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11. (A) Enthalpy of formation of HCI is equal to the bond energy 

ofHCl. 

(R) Enthalpy of formation and bond energy both involve 
formation of one mole of HCI from the elements. 

12 . (A) Pressure, volume and temperature are all extensive 

properties. 

(R) Extensive properties depend upon the amount and nature 
of the substance. 

13 . (A) When a gas at high pressure expands against vacuum, the 

work done is maximum. 

(R) Work done in expansion depends upon the pressure inside 
the gas and increase in volume. 

14 . (A) When a real gas is allowed to expand adiabatically 

through a fine hole from a region of high pressure to a 
region of low pressure, the temperature of the gas falls. 
(R) Work is done at the cost of internal energy of the gas. 

15 . (A) Internal energy change in a cyclic process is zero. 

(R) Internal energy is a state function. 

16 . (A) An exothermic process, non-spontaneous at high 

temperature, may become spontaneous at low 
temperature. 

(R)With decre^e in temperature, randomness (entropy) 
decrease. 


17 . (A) There is no reaction known for which AG is positive, yet it 

is spontaneous. 

(R) For photochemical reaction, AG is negative. 

18 . (A) A reaction which is spontaneous and accompanied by 

decrease of randomness must be exothermic. 

(R) All exothermic reactions are accompanied by decrease of 
randomness. 

19 . (A) Molar entropy of vaporization of water is different from 

ethanol. 

(R) Water is more polar than methanol. 

20. (A) Heat of neutralization for both HNO 3 and HCI with NaOH 

is 53.7 kJ/mol. 

(R) NaOH is a strong electrolyte^ase. 

21. (A) In the following reaction: 

C(s)+ 02 (g) - >C02(g); AH = AU-Rr 

(R) Aff is related to AG by the equation, 

Aff = AU - AUg/fT 

22. (A) Enthalpy of graphite is lower than that of diamond. 

(R) Entropy of graphite is greater than that of diamond. 

23. (A) For a reaction 

2NH3(g)-> N2(g)+3H2(g); Aff>AE 

(R) Enthalpy change is always greater than internal energy 
change. (AIIMS 2008) 
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5. (c) 

■ 6, (a) 

13. (c) 

M. (d) 

21 . (b) 

22 . (d) 

29. (d) 

30, (b) 

37. (d). 

38. (b) 

45. (b) 

46. (c) 

53. (d) 

54. (d) 

61. (b) 

62. (c) 

69. (d) 

70. (a). 

77. (d) 

78. (c) 

85. (b) 

86 . (c) 

93. (a) 

94. (a) 

101 . (c) 

i02. (b) 



117. (c) 


125. (a) 


133, (a) 


141. (c) 

142. (a) 

l#t(b) 

- 


158. (b) 


166. (c) 

m. (a) 

174. (c) 

181;; (c) 

182. (a) 

l'89.'(d) 

190. (a) 


5, (a, b, c) 6. (a, I 
13. (a) 14. (a,l 



/ 

5. (a) 6. (d) 


5. (b) 

13. (d) 
21 . (d) 


6 . (a) 

14. (a) 
22 . (b) 
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Brain Storming Problems 


^Objective Questions] /or [ irr ASPIRANTS \ 


The foUowing questions contain single correct option: 

1 . In which of the following pairs, both properties are intensive? 

(a) Pressure, temperature (b) Density, volume 

(c) Temperature, density (d) Pressure, volume 

2 . Although the dissolution of ammonium chloride {NH 4 CI) in 
water is an endothermic reaction, even then it is spontaneous 
because: 

(a) AS =-ve (b) AS = zero 

ic)TAS.<AH (d)AS = +vssndM{ <T AS 

3. The S—S bond energy is if A/fj (£, - S-£, )=-147 kJ/mol; 

AH}(E, - S - S- £() = - 202 kJ/mol and AH°S(g ) = + 223 
kJ/mol: 

(a)168kJ (b)126kJ {c)278kJ. (d)572kJ 

[ItiBt: 

C 2 H 5 — CjHj + Sis) -> C 2 H 5 — S— S— C 2 H 5 

^^^reaction ” (product^ ~ (reactants) 


= (-202)-(-147) = -55kJ 

^??^reaction ■” ^ (®^)reactants ^(®®)products 

-55 = Heat of sublimation or enthalpy of atomisation 
of sulphur - BE{S— S) 

-55 = 223 - BE(S— S) 

BE(S—S) = 223+ 55 = 278kJ 

(Common bonds of reactants and products are rejected.)] 
Standard enthalpies of formation of O 3 , CO 2 , NHj and HI are 


142.2, -393.2, - 46.2 and +25.9 kJ mol"' respectively. The 
order of their increasing stabilities will be: 

(a) O 3 , CO 2 , NH 3 , HI (b) CO 2 , NHj, HI, O 3 

(cjOj.HI.NHj.COj (d)NH 3 ,HI,C 02,03 

[Hiul: (i) Exothermic compounds are more stable than 
endothermic compounds. 

(ii) Greater is the amount of heat evolved in the formation of a 
compound, more will be its stability.] 

5. Combustion of octane takes place in an automobile engine. 
The homogeneous equation of combustion is: 

CgH.sCg) + f 02 (g)-> 8C02(g) + 9H20(g) 

The signs of AH, AS and AG for the reaction will be: 

(a) +ve, -ve, +ve (b) -ve, +ve, -ve 

(c) -ve, +ve, +ve (d) +ve, +ve, -ve 

6 . Which among the following represents the reaction of 
formation of the product? 

(a) 02 (g)->C02(g) 

(b) 

^(monoclinic) ^ 02 (g)-> S02(g) 

(c) 2N2(g)+ 02 (g)->2N20(g) 

(d) None of the above 

1. How much energy must be supplied to change 36 g of ice at 
0° C to water at room temperature 25°C? 


^fusion 

f 

^p liquid 


Data for water __ 

6.01 kJ/mol 

4.18 JK"' g '■ 


[Hint; AH = AH of two moles + ms AT 
= 6.01x2+ 36x4.18x25x10"^ 

= 16 kJ] 

8. A large positive value of AG° corresponds to which of these? 

(a) Small positive K (b) Small negative K 

(c) Large positive K (d) Large negative K 

9. Consider the values for AH° (in kJ mol"') and for AS° (in J 
mol"' K~') given for four different reactions. For which 
reaction will AG° increase the most (becoming more positive) 
when the temperature is increased from 0°C to 25°C? 

(a) AH° = 50, AS° = 50 (b) AH° = 90, AS° = 20 

(c) AH° = -20, A5° = - 50 (d) AH° = -90, A5° = -20 

[HlBh Use the relation, AG° = AW^° - r A5°] 

10. Fe 203 (s) +1 C(s)-> ICO 2 (g) + 2Fe(s); 

AH“ = + 234.1kJ 

Cis) + 02 (g)-> C02(g); AH° = - 393.5 kJ 

Use these equations and AH ° values to calculate AH ° for this 
reaction: 

4Fe(5) + 302 (g)-> 2 Fe 203 (s) 

(a)-1648.7 kJ (b)-1255.3 kJ 

(c)-1021.2 kJ (d)-129,4 kJ 

[Hinfc 2Fe(i) + ^ C02(g)-> Fe 203 (s) + |c(j) ...(i) 

(A/7° =-234.1 kJ) 

C(s) + 02 (g)->C02(g) (Afl'°=-393.5 kJ) ...(ii) 

Multiplying eq. (i) by 2 and eq. (ii) by 3 and on adding both 
equations, we get: 

4Fe(s) + 302 (g)-+ 2 Fe 203 (i); 

A/7° = (-234.1 X 2) + (-3 X 393.5) 

= -1648.7 kJ] 

11 . Consider this equation and the associated value for AH 

m^ig) + ICl^ig) -> 4HCI(g); AH°=- 92.3 kJ 

Which statement about this information is incorrect? 

(a) If the equation is reversed, the AH° value ajuals + 92.3 kJ 

(b) The four HCl bonds are stronger than four bonds in H 2 and 
CI 2 

(c) The AH° value will be -92.3 kJ if HCl is produced as a 
liquid 

(d) 23.1 kJ of heat will be evolved when 1 mole of HCl(g) is 
produced 

12. If the internal energy of an ideal gas decreases by the same 
amount as the work done by the system, the process is: 

(a) cyclic (b) isothermal (c) adiabatic (d) isolated 

13 . The enthalpy of neutralization of a strong acid by a strong base 
is -57.32 kJ mol"'. The enthalpy of formation of water is 
-285.84 kJ mol"'. The enthalpy of formation of hydroxyl 
ion is: 

(a) +228.52 kJ mol"' (b) -114.26 kJ mol"' 

(c)-228.52 kJ mol"' (d)+114.2 kJ mol"' 


(a) 12 kJ 


(b)16kJ (c)19kJ (d)22kJ 
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[Hint: The process of neutralization is: 

H'" (aq.) + OWTiaq.) -> HjOCO; AH° = - 57.32 kJ tnol' 

A/f reaction = ^ Heat of formation of products 

- X Heat of formation of reactants 


AH. 


1^20(1) 


-[AH 




AH 


/OH-{<,?.) - 


-57.32 = -285.84 -(0 + x) 

* = -285.84 + 57.32 
=-228.52 kJ] 

14. For which process will AH° and AG° be expected to be most 
similar? 

(a) 2 A 1 ( 5 )+ FejOjC^)-> 2Fe(^) + AljOjCs) 

(b) 2Na(5) + 2H20(/) -—> 2NaOH(a^.) + (g) 

(c) 2 N 02 (g)-^N 204 (g) 

(d) 2H2(g)+ 02 (g)->2H20(g) 

[Hint: (a) In this reaction, AS° = 0 
.-. , AG° = AH° -T AS° 

AG° = ] 

15. For a particular reaction, AH° = - 38.3 kJ and AS° = -113 
J K"’ mol”'. This reaction is: 

(a) spontaneous at all temperatures 

(b) non-spontaneous at all temperatures 

(c) spontaneous at temperatures below 66 °C 

(d) spontaneous at temperatures above 66 °C 
pint: AG = AH-T AS 

For spontaneous process, AG < 0. 

AH-TAS<0 

^<T 

AS 

-38.3 x 1000 

- <T 

-113 

ie, r> 338.93 K,i.a, 66 °C] 

16. Which halogen in its standard state has the greatest absolute 
entropy per mole? 

.(a)F2(g) (b)Cl2(g) (c)Br2(/) (dlljC^) 

17. For which of these processes is the value of AS negative? 

I. Sugar is dissolved in water. 

II. Steam condenses on a surface. 

III. CaCOj is decomposed into CaO and CO 2 . 

(a) I only (b) II only 

(c) I and III only (d) II and III only 

18. When solid NH 4 NO 3 is dissolved in water at 25°C, the 
temperature of the solution decreases. What is true about the 
signs of AH and AS for this process? 



AH 

AS 

(a) 

- 

+ 

(b) 


- 

(c) 

+ 

+ 

(d) 

+ 

- 

19. The diagram below shows the heat of reaction between N 2 , 0- 
NOandN02: 


2NO(g)+ 02 (g) 


2 N 02 {g) 
N 2 (g)+ 202 (g) 



Which of the following statements pertaining to the formation 
of NO andN 02 are correct? 

1. The standard heat of formation of NOj is 68 kJ mol”'. 

2. NOj is formed faster than NO at higher temperature. 

3. The oxidation reaction of nitrogen to NO 2 is endothermic. 

4. These two reactions often take place in troposphere and 
causes green house effect. 

5. These two reactions often take place and are responsible for 
city smog. 

(a) 1 and 2 (b) 1 and 3 (c) 1 and 4 (d) 3 and 4 

(e) 3 and 5 

20. The enthalpy changes for two reactions are given by the 
equations: 

2Cr(s) + 11 02 (g)-> CrjOj).*); A// = -1130 kJ 

C(s) + |02{g)-S’COIg); AH=-110kJ 

What is the enthalpy change, in kJ, for the reaction? 

3C(s) + CrjOjl^)-> 2Cr(s) + 3CO(g) 

(a)-1460kJ (b)-800kJ (c)+800kJ (d)+1020kJ 

(e) +1460 kJ 

[Hint: The given equations can be written as: 

CrjOjl^)->2Cr(j)+|02{g); AW= + 1130kJ 

3C(5) + |02(g)->3CO(g); AH = -330kJ 

Adding the above equations, we get: 

Cr203(*) + 3C(.?)-> 2Ct(s) + 3CO{g); AH = + 800 kJ ] 

21. The enthalpy change at 298 K for decomposition is given in 
the following two steps: 

Step I: HjOlg)-> H(g) + OH(g); AH = 498 kJ mol”' 

Step II: OH(g )-> H(g ) + 0(g); Atf = 428 kJ mol”' 

The bond enthalpy of the O—H bond is: 

(a) 498 kJ mol”' (b) 463 kJ mol”' 

(c) 428 kJ mol”' (d) 70 kJ mol”' 

22. Consider the following two reactions: 

(i) Propene + Hj-> Propane; Aif, 

(ii) Cyclopropane + H,- > Propane; A//, 

Then, AH 2 - A//, will be: 

(a )0 (b) 2 BEc^-BEc=c 

(c)BEc=c (d) 2 BEc=c-BEc„c 

[Hint: CHj — CH=CHj + H 2 -> CH, — CH 2 — CH,; 

AH, = (BEc=c + BE„_h) - (2BEc_H + BEc_c) 

CH 2 

/ \ +H 2 -^CHj —CH 2 —CHj; 

CH 2 -CH 2 

AH2 = (BEc^c + BEh^h) - (2 X BEc^h ) 

A// 2 -Afl',= 2 BEc^c-BEc=c] 
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23. Under which circumstances would the free energy change for 
a reaction be relatively temperature independent? 

(a) Mf° is negative 

(b) AH° is positive 

(c) M° has a large positive value 

(d) M° has a small magnitude 

24. Use the free energy change, AG° = + 63.3 kJ, for this reaction, 
to calculate the K^p of AgjCOj (s) in water at 25'’C: 

AgjCOjC^) ^ Ag^ (aq.) + col- W-) 

(a) 3.2 X 10^“ (b) 8 x 10”'^ (c) 2.9 x 10^^ (d) 7.9 x 10“^ 

25. Which statement(s) is/are true? 

1. S° values for all elements in their states are positive. 

2. S° values for all aqueous ions are positive. 

3. M° values for all spontaneous reactions are positive. 

(a) 1 only (b) 1 and 2 only 

(c) 2 and 3 only (d) All of these 

26. The enthalpy of a reaction does not depend upon: 

(a) the intermediate reaction steps 

(b) the temperature of initial and final state of the reaction 

(c) the physical states of reactants and products 

(d) use of different reactants for the formation of the same 
product 

27. When a solution of 500 mL of 2 M KOH is added to 500 mL of 
2 M HCl, then the rise in temperature 7] is noted. When the 
same experiment is repeated by mixing 250 mL of each 
solution, the rise in temperature T 2 is noted: 

(a)r, =r 2 (b)T, =212 io)T 2 = 2T, (d)T,=4T2 

28. The heat of combustion of solid benzoic acid at constant 
volume is -321.30 kJ at 27°C. The heat of combustion at 
constant pressure is: 

(a)-321.30-3007? (b) - 321.30 + 3007? 

(c) -321.30 - 1507? (d) -321.30 + 9007? 

[Hint: 

QHsCOOHC^) + y 02 (g)-) 7C02(g) + 3H20(/), 

A -7 15 1 

2 2 
AH = AU + AnRT 

= - 321.30 - i X 7? X 300 = - 321.30 - 1507?] 

29. A ->5; A17 = 40kJmor' 

If the system goes from .4 to 5 by a reversible path and returns 
to state ^ by an irreversible path, what would be the net 
change in internal energy? 

(a) More than 40 kJ (b) Zero 

(c) Less than 40 kJ (d) 40 kJ 

30. For the process, NHj (g) + HCl(g)-> NH 4 Cl(s): 

(a) A77 = + ve, AS = + ve (b) A 7 f = - ve, AS = + ve 
(c) AH = + ve, AU = - ve - (d) AM = - ve, AS = - ve 

31. Match the thermodynamic properties (List-I) with their 
relation (List-II): 

List-I List-ll 

A. Free energy change (AG°) (i) T?!" log^ 7C 

B. Entropy change AS° (ii) -nFE 


AH° enthalpy change of a 
reaction in standard state 


(iii) RT ^ 


( d In 7 : ) 

I dT ]p 


D. Standard free energy change ciy\ _ I “ 

(AG°) ^ 1 dr 

Select the correct answer: 


Codes: 

A 

B 

C 

D 

(a) 

(0 

(ii) 

(iii) 

(iv) 

(b) 

(ii) 

(iv) 

(iii) 

(i) 

(c) 

(iv) 

(ii) . 

(iii) 

(i) 

(d) 

(i) 

(ii) 

(iv) 

(iii) 


32. An ideal gas is allowed to expand under adiabatic conditions. 
The zero value is of: 

.(a) AT (b) AS 

(c) AG (d) none of these 

33. Match the physical changes in List-I with their relations given 
in List-II: 

List-I List-II 


A. AG 

B. ATT 

C. AS° 

D. AG-^ 


(i) AU + PAV 

(ii) -nFE 

(iii) -RT log^ K 

(y'' 

(iv) nR log^ 

VI / 


Select the correct answer from the given codes: 


Codes: A 

B 

C 

D 

(a) (ii) 

(i) 

(iv) 

(iii) 

(b) (i) 

(b) 

(iii) 

(iv) 

(c) (iv) 

(iii) 

(ii) 

(i) 

(d) . (i) 

(ii) 

(iv) 

(iii) 

Given the following data: 



Snbsbui^ 

Alr^inoO 



FeO(s) 

-266.3 

57.49 

-245.12 

C (Graphite) 

0 

5.74 

0 

Fe(s) 

0 

27.28 

0 

CO(g) 

-110.5 

197.6 

-137.15 

Determine at what temperature 
spontaneous? 

the following 

reaction is 

FeO(j) + C (Graphite)-; 

>Fe(5)+CO(g) 



(a) 298 K 

(b) 668 K 

(c) 966 K 

(d) AG° is +ve, hence the reaction will never be spontaneous. 
[Hiiit:A77^,,,„ = 2 (^ 77 ; Few + 

FeO(5) AH^ C(graphite) } 

= (0 - 110.5) - (-266,3 + 0) = 155.8 U moL' 


^^reaaion + Sqq^-^ ] [SFeO(s) ] 

= (27.28 + 197.6) - (57.49 + 5,74) 

= 161.65 JK^' mol"' 
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35. 


36. 


^ . ■ AH ^ 155.8x 1000 

For spontaneous reaction, T >-; T > - 

AS 161.65 


.'. T > 966 K] 

Which of the following equations has/have enthalpy changes 
equal to 

I. CW+O^te)->C02(g) 

II. C(^)+^ 02 (g)-^CO(g) 

III. CO(g) + ^ 02 (g)->C02(g) 

(a) I and II (b) I, II and III 

(c) I and III (d) I only 

The enthalpy change of which reaction corresponds to A//y 

forNa2C03(s)at298K? 

(a) 2Na(5)+ C(5) + ^ 02 (g)-> Na 2 C 03 (s) 


(b) Na20(5)+C02(g) 

(c) 2Na’'(fl?.)+CO^'(u?.) 


^ Na 2 C 03 (s) 

^ Na 2 C 03 (s) 


(d) 2Na"'(a?. )+20ir (a?. )+C02(a9. )-^Na 2 C 03 (5)+H20 


37. Enthalpy is equal to: 


(VITEEE 2007) 


(a) T^ 

■ d(G/T) ■ 
dT 

P 

(b) -T^ 

■ d(GIT) ■ 
dT 

(c) T^ 

" 0(G/7’) 1 
dT 

y 

(d) -r' 

■ d(GIT) ■ 
dT 


[Hint: G = H-TS 

G=U + PV -TS 
AG=AU + PAV + VAP- 
From the first and second laws, 

TAS = AU + PAV 
AG = VAP-SAT 
At constant pressure, AP = 0 

-S 


...(i) 


TAS - SAT 


AG 

AT 


...(ii) 


From eqs. (i) and (ii), 


G=H + T 


G=H 


AG 

AT 


OR 

dT 


H 


^ 1 

T2 j 

d(G/T) 

dT 


p 

dG 

dT 


H ■■ 


djGIT) 

dT 


38. When a bomb calorimeter is used to determine the heat of 
reaction, which property of the system under investigation is 
most likely to remain constant? 

(a) Number of molecules (b) Pressure 

(c) Temperature (d) Volume 


39. For the reaction shown, which is closest to the value of ATT? 
lC?^{aq.) + 3Ni(5)-> 2Cr(5) + 3Ni^"' {aq.) 


AH 


f 


(kJ mol *) 


C?*{aq.) 


-143 

Np(flg.) -54 

(a) 124 kJ (b) 89 kJ 

(c)-89kJ (d)-124kJ 

40. An ice cube at 0.00°C is placed in 200 g of distilled water at 
25° C. The final temperature after the ice is completely melted 
is 5°C. What is the mass of the ice cube? 

{AH^ = 340 J g-’, = 4.18 J g"-'° C"') 

(a) 23.6 g (b)46.3g 

(c) 50.0 g (d) 800 g 

41. Which reaction occurs with the greatest increase in entropy? 

(a) 2H20(/)-^2H2(g)+ 02 (g) 

(b) 2NO(g)->N2(g) + 02 (g) 

(c) C(5)+ 02 (g)->C02(g) 

(d) Br 2 (g)+ Cl 2 (g)-> 2BrCl(g) 

42. The bond dissoeiation energies for single covalent bonds 
formed between carbon and A,B, C,D and E atoms are: 

Bond Bond energy (kcal mol'') 

(i) C—A 240 

(ii) C—B ■ 382 

(iii) C—D 276 

(iv) C—E 486 

This indicates that the smallest atom is: 

(a) A {h)B (e)C (d)£ 

[Hint: C—E bond has highest bond energy; it means that the 
covalent bond C— E will be strongest. Smaller is the size of atom, 
stronger is the covalent bond.] 

43. An ideal gas is taken around the cycle ABCA as: 


0) 

qI 



(a)12PiFi (b)6PiF, (c)3PiFi . (d)P,F, 

[Hint: Work done in the cyclic process 
= Area bounded (ABCA) 

= -xACxAB 
2 

= i X 2Fi X 3Pi = 3PiF, ] 

44. One gram mole of graphite and diamond were burnt to form 
CO 2 gas. 

+ 02 (g)->C02(g); AH° = -399.5 kJ 


“'(graphite) 

p 

^(diamond) 


02 (g)->C02(g); A//° = -395.4 kJ 








508 


G.R.B. Physical Chemistry For Competitions 


45. 


46. 


47 . 


(a) graphite is more stable than diamond 

(b) diamond is more stable than graphite 

(c) graphite has greater affinity with oxygen 

(d) diamond has greater affinity with oxygen 

[Hint; Thermal stability of one isotope is directly proportional 
to the heat of combustion.] 

Which among the following is not an exact differential? 

.(a) Q (dQ = heat absorbed) 

(b) U (dU = change in internal energy) 

(c) S (dS = entropy change) 

(d) G (dG = Gibbs free energy change) 

[Hint: Heat ‘ g’ is a path dependent function, hence its exact 
differentiation is not possible; however, internal energy, entropy 
and Gibbs free energy are state functions, hence can be 
differentiated exactly.] 

A gas expands adiabatically at constant pressure such that: 



The value ofy, i.e., (Cp /C^, )ofthe gas will be: 
(a) 1.30 {b)1.50 (c)1.70 (d)2 

[Hint. 

TV = constant 

For adiabatic process, TV = TF ^ ‘ = constant 


2Zn + O 2 - 

—> 2ZnO; 

AG” = 

-616J 

... (i) 

2Zn + S- 

—+2ZnS; 

II 

0 

<I 

-293 J 

... (ii) 

2S+ 2 O 2 - 

2SOj(g); 

AG° = 

-408 J 

... (iii) 


AG” for the following reaction: 

2ZnS + 3 O 2 -» 2ZhO + 2 SO 2 

would be: 


(a)-731J (b)-1317J (c)+731J (d)+1317J 

[Hint: AG” = lAG^o + - 2AG°„s 

= [-616-408]-[-293] 

= -1024 + 293 


= -731 J] 

48. The efficiency of the reversible cycle shown in the figure will 
be: 

(a) 33.33% (b)56% (c) 66% (d)25% 



[Hint; Efficiency ofcycle = x 100 

Area under the curve 


Ax( 1500 - 1000 )x( 250 - 150 ) 

2 _ 


- X (1500 - 1000 ) X (250 - 150 ) + (1500 - 1000 ) x (150 - 0 ) 


X 100 


49. 


1 


X 500 X 100 


•X 500 x 100 + 500 x 150 


xlOO 


500 x 50 x 100 
500 x 50 + 500 x 150 


= 25] 


In Haber’s process of ammonia manufacture: 

N2(g)+3H2(g)- >Wn,(g); 

Aff2Vc = -92.2kJ 

Molecules NjCg) H^Cg) 

Cp JK-’nwr' 29.1 28.8 


NHjCg) 

35.1 


If Cp is independent of temperature, then reaction at 100°C as 
compared to that of 25°C will be: 

(a) more endothermic (b) less endothermic 
(c) more exothermic (d) less exothermic 

■Mil 


[Hint: 


Use; Mi: 


r,-r. 


= ACp] 


so. Consider the following statements: 

I. Change in enthalpy is always smaller than change in 
internal energy. 

II. The variation in enthalpy of a reaction with temperature is 
given by Kirchhoff’s equation. 

III. The entropy change in reversible adiabatic process is equal 
to zero. 

Select the correct answer: 

(a) I and 11 (b) II and III 

(c) III and I (d) all are correct 

51. In C 2 H 4 , energy of formation of (C = C)and (C—C) are -145 
kJ/mol and -80 kJ/mol respectively. What is the enthalpy 
change when ethylene polymerises to form polythene? 

[JEE (Orissa) 2006J 

(a) +650 kJ/mol (b) +65kJ/mol 

(c) - 650 kJ mol”* (d) -65 kJ moP' 


[Hint: Polymerisation of ethene may be given as: 
nCH2=CH2-> -fCHj — 

= (+145) - (+80) = + 65 kJ/mol] 

[Note: C—H bonds are common in both reactants and products.] 

52. If 150 kJ of energy is needed for muscular work to walk a 

distance of 1 km, then how much of glucose one has to consume 
to walk a distance of 5 km, provided only 30% of energy is 
available for muscular work. The enthalpy of combustion of 
glucose is 3000 U moP': (PMT (Kerala) 2007] 

(a)75g (b)30g (c)180g (d) 150 g 

(e) 45 g 

53. The value of log,oi<C for a reaction A B is; 

(Given, = - 54.07 kJ moP', 

^rSmK = 10 JK:"' moP' and R = 8.314 JK‘' moP’; 
2.303 X 8.314 X 298 = 5705) (HT 2007) 

(a) 5 (b) 10 (c) 95 (d) 100 
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[Hint: AG ° = AH° - TAS° 

= -54.07x 1000-298x 10 
=-57050 J 

AG° =-2.303 RTlogioK 
- 57050 = -5705 log,„ AT 
log,o^: = 10 ] 

54. The lattice enthalpy and hydration enthalpy of four 
compounds are given below : 


Compound 

Lattice enthalpy 

(kJ/mol) 

Hydration enthalpy 

(kJ/mol) 

P 

+ 780 

-920 

Q 

+ 1012 

-812 

R 

+ 828 

-878 

S 

+ 632 

-600 


The pair of compounds which is soluble in water is ; 

[PET (Kerala) 2008) 

(a) P and Q (b) Q and R (c) R and S (d) Q and S 

(e) P and R 

[Hint: For solubility of ionic compounds, hydration energy must 
be greater than lattice energy.] 


Following questions may have more than one correct options: 

1. Which of the following are correct about irreversible 
isothermal expansion of ideal gas ? 

(a)fV = -q (b) AG = 0 


(c) AT = 0 


(d) IT = - nRT In ^ 


2. The work done during adiabatic expansion or compression of 
an ideal gas is given by : 


(a) n Cf/ AT 
(c) - nR P^^^ 


m - m 


3, For an ideal gas 
caj 

(a) 


PyPi 


Pm -y 


(b)-^AT2-T,) 

(Y-1) 

(d) - 2.303 J?nog ^ 


capacity at constant volume is 

yp y 


(b)- 


; of molar mass M, its specific heat 
yRM 


(c)- 


M 


(Y -\)M ' ' M(y - 1) ' ' R{y- 1) 

Pm '■'Vm 


(d) 


Y - 1 


[Hint:^ = Y, Cf,„,-Cy„=R 


C, 


Km 


y 

Y-1 


R 

Y-1 


andC^„, = 


Y-1 


- Cy„ X M 


^Vm - 


Af (Y -1) 


• Single correct option 


1. (c) 

2. (d) 

3. (c) 

4. (c) 

9. (c) 

10. (a) 

11. (c) 

12. (c) 

17. (b) 

18. (c) 

19. (e) 

20. (c) 

25. (a) 

26. (a) 

27. (a) 

28. (c) 

33. (a) 

34. (c) 

35. (d) 

36. (a) 

41, (a) 

42. (d) 

43. (c) 

44. (a) 

49. (d) 

SO. (b) 

51. (b) 

52. (d) 


e One or more than one correct options 

1, (a,b,c,d) 2. (a,b,c) 3. (b) 


5. (b) 

6. (d) 

7. (b) 

8. (a) 

13. (c) 

14. (a) 

15. (d) 

16. (b) 

21. (b) 

22. (b) 

23. (d) 

24. (b) 

29. (b) 

30. (d) 

31. (b) 

32. (d) 

37. (b) 

38. (d) 

39. (a) 

40. (b) 

45. (a) 

46. (b) 

47. (a) 

48. (d) 

53. (b) 

54. (e) 
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Integer Answer TYPE QUESTIONS 


This section contains 11 questions. The answer to each 
of the questions is a single digit integer, ranging from 
0 to 9. If the correct answers to question numbers X, Y, 
Z and W (say) are 6, 0, 9 and 2 respectively, then the 
correct darkening of bubbles will look like the given 
figure; 


X Y z w 

WWW® 
(D® (D® 

® @ © ® 
® @ <3) 0 
® 0® 0 
® ® © © 
@ ® @ @ 


1. A bubble of 8 moles of helium is submerged at certain depth in 
water. The temperature of water increases by 30°C. How much 
heat is added approximately to helium (in kJ) during 
expansion? 

2. For a liquid, enthalpy of fusion is 1.435 kcal mofr' and molar 
entropy change is 5.26 cal mol”' K~'. The freezing point of 
liquid in celcius will be : 

3. For the reaction, Ag20(s):F=^ 2Ag(s)+ 

MI, AS and T are 40.63 kJ mor',, 108.8 J.K^' nwH* and 
373.4 K respectively. Free energy change AG of the reaction 
will be; 

4. Standard Gibbs Free energy change AG° for a reaction is zero. 
The value of equilibrium constant of the reaction will be: 

5. AG° for the reaction x+ y ^.^ z is - 4.606 kcal. The value of 

equilibrium constant of the reaction at 227°C is (y x 10^). The 
value of‘ y’ is : 

6. 4.48 L of an ideal gas at STP requires 12 cal to raise the 
temperature by 15°C at constant volume. The Cp of the gas is 
.cal. 



9. Gas ) has the ratio of specific heat, equal to 1.66. The 
value of X will be : 

10. For a liquid the vapour pressure is given by : 

, -400 

logio^^ = -^+10 

Vapour pressure of the liquid is 1 O' mm Hg. The value of x will 
be: 

11. One' mole of an ideal gas is taken from a to b along two paths 
denoted by the solid and the dashed lines as shown in the 
graph below. If the work done along the solid line path is 
and that along the dotted line path is Wj, then the integer 
closest to the ratio Wj / is: 



1.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 ' 4.5 5.0 5.5 6.0 


(11X2010) 


[Mint: wj = work done along dotted line 
= IPAV 

= 4xL5+lxl+25x- = 8.65Latm 
3 

Wj =5 It is reversible isothermal process 
= 2303n.Rriogf^l 


= 2,303 x(FF) log ^ 


In the present graph, the area of circle A and B are 25 unit and 

20 unit respectively. Work done will be.unit. 

For the reaction, 

N2(g)+3H2(g)->2NH3(g) 

Heat of reaction at constant volume exceeds the heat of 
reaction at constant pressure by the value of xRT. The value of 


= 2.303 X 2 log^ = 4.79 L atm 
0.5 

= 1 
w, 4.79, ^ 




% ( 0 ) 

M. (9) 



3.. (0) 

m. (2) 
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• Passage 1 

Chemical reactions are invariably associated with the transfer of 
energy either in the form of heat or light. In the laboratory, heat 
changes in physical and chemical processes are measured with an 
instmment called calorimeter. Heat change in the process is 
calculated as: 

q = ms AT; s = Specific heat 
= cAT ; c = Heat capacity 

Heat of reaction at constant volume is measured using bomb 
calorimeter. 

qy = AU = Internal energy change 

Heat of reaction at constant pressure is measured using simple or 
water calorimeter: 

qp ~ AH 
qp = qy + P AV 
AH=AU + AnRT 

The amount of energy released during a chemical change 
depends on the physical state of reactants and products, the 
condition of pressure, temperature and volume at which the reaction 
is carried out. The variation of heat of reaction with temperature and 
pressure is given by Kirchhoff’s equation: 

I,-T, T,-I, ' 

{At constant pressure) {At constant volume) 

Answer the following questions: 

1. Match the List-I with List-II and select the answer from the 
given codes; 

Li$t-I List-II 


A. C(s)+ 02 (g)-^C02(g) 

B. N2(g) + 3H2(g)-^2NH3(g) 

C. NH4HS(s) -> NHjCg) + HjSCg) 3. AH = AU 

D. PClsCg)->PCl3(g)+.Cl2(g) 

E. 2S02(g) + 02 (g)->2S03(g) 

Codes: ABC 

(a) 1 2 3 

(b) 5 2 .3 

(c) 1 3 4 

(d) 2 3 .4 


1. AH = AU + RT 

2. AH = AU 

-2RT 

4. AH = AU + 2RT 

5. AH = AU - RT 

D E 

4 5 

4 1 

2 5 

1 5 


The heat capacity of a bomb calorimeter is 500 J/K. When 
0.1 g of methane was burnt in this calorimeter, the temperature 
rose by 2°C. The value of AU per mole will be: 

(a) +1 kJ ^ (b) -1 U (c) +160 kJ (d) -160 kJ 

For which reaction will AH = AUl Assume each reaction is 


carried out in an open container: 

(a) 2C0(g)+02(g)-^2C02(g) 

(b) H 2 (g) + Br 2 (g)-^2HBr(g) 

(c) C(5)+ 2H20(g)^ 2H2(g)+ C02(g) 

(d) PCl5(g)->PCl3(g) + Cl2(g) 


4. What value of AT should be used for the calorimetry 
experiment that gives the following graphical results? 



(a)10°C (b)25°C (c)20°C (d) 35°C 

5. The enthalpy of fusion of ice is 6.02 kJ mol"'. The heat 
capacity of water is 4.18 J g~’ C”'. What is the smallest 
number of ice cubes at 0°C, each containing one mole of 
water, that are needed to cool 500 g of liquid water from 20°C 
to 0°C? 

(a)l (b)7 (c)14 (d)125 

[Hint: Heat released to cool 500 g water from 20°C to 0°C, 
q = ms AT 

= 500 X 4.18 X 20 = 41800 3 = 41.8 kJ 
Number of moles ofwater (ice) that will melt to absorb 41.8 kJ 

.41.8 , , 

6.02 ~ 

.•. Number of cubes of ice that will melt = 7] 

6. The enthalpy change {AH) for the reaction, 

N2(g)+3H2(g)->2NH3(g) 

is -92.38 kJ at 298 K. The internal energy change AU at 298 K 
is: (AIMS 2006) 

(a) -92.38 U (b) -87.42 kJ (c) -97.34 kJ (d) -89.9 kJ 
[Hint: Ang = 2-4 = -2 

AH =AU + AnfRT 
AU = AH - AUg RT 

= -92.38 X 1000-(-2) X 8.314 x298 ■ 

= -87424 J =-87.424 kJ] 

7. The specific heat of I 2 in vapour and solid state are 0.031 and 
0.055 cal/g respectively. The heat of subliination of iodine at 
200''C is 6.096 kcal moF^ The heat of sublimation of iodine 
at 250°C will be; 

(a) 3.8 kcal moF* (b) 4.8 kcal moF* 

(c) 2.28 kcal moF* (d) 5.8 kcal moF* 

[Hint 12 ( 5 ) ^ 12 (g) , 

ACp = (0.031 - 0.055) x 10'^ X 254 

A//1 A 

Tj-r, , . 

~ = (0.031 - 0,055) X 10"^ X 254 

Aff 2 = 5.79 kcal moF'] 
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• Passage 2 

In a chemical reaction, the bonds of reactants are decomposed 
and new bonds of products are formed. The amount of energy 
required to break a particular bond in a gaseous molecule under 
standard conditions homolytically is called the standard bond 

dissociation enthalpy of that bond ). 

Bond energies can be used to obtain an approximate value for a 
reaction enthalpy of a gas phase reaction if the appropriate 
enthalpies of formation are not available. 

'^reaetion = T. Bond energy of bonds, broken in the reactants 

- XBond energy of bonds, formed in the products 
Bond energy depends on three factors: 

(a) Greater is the bond length, lesser is the bond energy. 

(b) Bond energy increases with the bond multiplicity. 

(c) Bond energy increases with the electronegativity difference 
between the bonding atoms. 

Answer the following questions: 

1 . Arrange N — ^H, O — H and F—H bonds in the decreasing order 
of bond energy;. 

(a) F—H > 0—H > N—H (b) O—H > N—H > F—H 
(c) N—H > 0—H > F—H (d) F—H > N—H > 0—H 

2. X 2 represents halogen molecule. Bond eneigy of different 
halogen molecules will lie in following sequences: 

(a) ¥2 > CI 2 > Brj > I 2 (b) Clj > Bxj > F 2 > I 2 
(c) I 2 > CI 2 > Br 2 > I 2 (d) Br 2 > F 2 > I 2 > -CI 2 

[Hint: Bond energy of F 2 is surprisingly low due to strong 
repulsion between the lone pairs of two fluorine atoms.] 

3. Which among the following sequences is correct about the 
bond energy of C—C, C=C and C^C bonds? 
{a)CsC>C = C>C-C(b)C=C<C = C<C-C 
(c)C = C>C^C>C-C(d)C^C>C~C>C = C 

4. In CH 4 molecule, which of the following statements is correct 
about the C—H bond energy? 

(a) All C—H bonds of methane have same energy 

(b) Average of all C—H bond energies is considered 

(c) Fourth C—H bond requires highest energy to break 

(d) None of the above 

5. Use the bond energies to estimate AH for this reaction: 


H2te)+ 02 (g)—^ 

H202(g) 

Bond 

Bond energy 

H—H 

436 kJ moU’ 

0—0 

142 kJ mol"' 

0=0 

499 kJ mol"' 

H—0 

460 kJ mol"' 


(a)-127kJ (b)-209kJ (c)-484kJ (d)-841kJ 

6. The heat of formation of NO from its elements is +90 kJ mol"'. 
What is the approximate bond dissociation energy of the bond 
in NO? 

= 941 kJ mor‘ BEq^q = 499kJ moU' 

(a) 630 kJ mor' (b) 720 kJ moU* 

(c)760kJmor' (d)810kJmor* 


• Passages 

" The change in Gibbs free ^ener^ {AG) of the system alone 
provides a criterion for the spontaneity of a process at constant 
temperature and pressure. A change in the free energy of a system at 
constant temperature and pressure will be: 

^^system system ^ system 

A t constant temperature and pressure: 

system < 0 (spontaneous) 
system - ^ (equilibrium) 
system ^ ^ (non -Spontaneous) 

Free energy is related to the equilibrium constant, as: 

AG° = 2.303RT log^^ K, 

Answer the following questions: 

1. The free energy for a reaction having Atf = 31400 cal, 

AS =32 cal mol"' at 1000°C is; jjee (Orissa) 2005] 

(a)-9336 cal (b)-7386 cal (c)-1936 cal (d)+9336 cal 

2. For a spontaneous reaction AG, equilibrium ‘if’ and will 

be respectively: (AIEEE 2005) 

(a) -ve, > 1, +ve (b) +ve, > 1, -ve 

(c) -ve, < 1, -ve , (d) -ve, > 1, -ve 

3. For a system in equilibrium, AG = 0, under conditions of 

constant.; {KCET2005) 

(a) temperature and pressure (b) ten^erature and volume 

(c) pressure and volume (d) energy and volume 

4. If both AH and AS are negative, the reaction will be 
spontaneous: 

(a) at high temperature (b) at low temperature 
(c) at all temperatures (d) at absolute zero 

5. A reaction has positive values of AH and AS. From this you 
can deduce that the reaction; 

(a) must be spontaneous at any temperature 

(b) cannot be spontaneous at any temperature 

(c) will be spontaneous only at low temperature 

(d) will be spontaneous only at high temperature 

6. For a reaction to be spontaneous at all temperatures: 

(a) AG - ve, AH + ve and AS + ve 

(b) AG + ve, AH - ve and AS + ve 

(c) AG - ve, AH - ve and AS - ve 

(d) AG - ve, AH - ve and AS + ve 

3 moles of CO 2 gas expands isothermally against external 
pressure of\ bar. Volume increases from 10 L to 30 L respectively. 
The system is in thermal contact of surroundings at temperature 
15°C. Entropy change in isothermal process is: 

AS-= 2.303 ni?/ogf^il 

Answer the following questions: 

7. If CO 2 behaves like an ideal gas, then entropy change of 
system (AS will be: 

(a)+27,4JK"‘ (b) 9.1JK"' 

(c) -27.4 JK"‘ (d) -9.1 JK"’ 

8. Select the correct relation; 

(a) > 0, - 0 (b) < 0, > 0 

(c) AS^gjgjjj — 0, AiSgm^ — 0 (d) AS^j. > 0, < 0 
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• Passage 4 


Consider the following energy level diagram: 



Answer the following questions on the basis of the given 
diagram: 

1. The heat of formation of glucose is: 

(a)-x (d)-x+z 

2. to the given diagram z refers to: 

(a)6xA//;co, ' 

(c) Qjj (d) canbiMion C(s) A/fy [| 

3. The qjantity y is equal to: 

(a) ^^combustion H 2 {g) 

(b) X + Z 

(c) X - z 

(d) AHfQQ^ + 

4. Select the incorrect statement(s): 

(a) combustion of glucose is exothermic process 

(b) standard state of glucose is C 6 Hi 20 g(s) 

(c) heat of fonnation of glucose = Heat of combustion of 
glucose 

(d) x + 3;=z 

• Passage 5 



Graph for one mole gas 

Answer the following questions based on the above diagram: 

1. Process, A -» B represents: 

(a) isobaric (b) isochoric (c) isothermal (d) adiabatic 

2. The pressure at C is: 

(a) 3.284 atm (b) 1.642 atm (c) 0.0821 atm(d) 0.821 atm 

3. Work one in the process C-> A is: 

(a) zero (b) 8.21 L atm 

(c) 16.2 L atm (d) unpredictable 


4. The process which occurs in going from, B -> C is: 

(a) isothermal (b) adiabatic (c) isobaric (d) isochoric 

5. The pressures at A and B in the atmosphere are respectively: 

(a) 0.821 and 1.642 (b) 1.642 and 0.821 

(c) 1 and 2 (d) 0.082 and 0.164 


• Passages 

The thermodynamic property that measures the extent of 
molecular disorder is called entropy. The direction of a spontaneous 
process for which the energy is constant is always the one that 
increases the molecular disorder. Entropy change of phase 
transformation can be calculated using Trouton's formula 
AH' 


AS 


.In the reversible adiabatic process, however, AS will 


be zero. The rise in temperature in isobaric and isochoric conditions 
is found to increase the randomness or entropy of the system. 

AS = 2.303C/og(2]/r2) 

C-Cp orCy 

Answer the following questions: 

1. The entropy change in an adiabatic process is: 

(a) zero 

(b) always positive 

(c) always negative 

(d) sometimes positive and sometimes negative 

2. If, water in an insulated vessel at-10°C, suddenly freezes, the 

t' 

entropy change of the system will be: 

(a) +10JK“‘mor' 

(b) -10 JK-‘ mor' 

(c) zero 

(d) equal to that of surroundings 

3. The melting point of a solid is 300 K and its latent heat of 
fusion is 600 cal mor’. The entropy change for the fusion of 1 
mole of the solid (in cal K~') at the same temperature would 
be: 

(a) 200 (b)2 {c)0.2 (d)20 

hkH 

4. For which of the following cases AS = ? 

(a) A process for which ACp = Obut AC^. = 0 

(b) An adiabatic process 

(c) An isobaric or isothermal process 

(d) An isothermal reversible phase transition process 

5. When 1 moi of an ideal gas is compressed to half of its 
volume, its temperature becomes double; then the change in 
entropy (AS) would be: 

(a)Qln2 (b)Cpln2 

(c)C(,/?ln2 (d)(Q-ff)ln 2x€p 


pint: AS = 2.303Cp log,, 


Vy 

1^2 


= Cp In 


El 

\V2J 
= Cp In, 2] 


= Cp ln„ 


_1 

1/2 
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• Passage 7 

The pressure-volume behaviour of various thermodynamic 
processes is shown in graphs: 



Work is the mode of transference of energy. If the system involves 
gaseous substance and there is difference of pressure between system 
and surroundings, such a work is referred to as pressure-volume 
work (wpy = - Pg^, AF). It has been observed that reversible work 
done by the system is the maximum obtainable work. 

> Wi„ 

The works of isothermal and adiabatic processes are different 
from each other. 


^isothermal reversible 


2.303n/57’ logio 



^adiabatic reversible ~ (^1 




= 2.303«^7’ logjj 



Answer the following questions: 

1 . If Wi, W 2 , ^3 and W 4 are work done in isothermal, adiabatic, 
isobaric and isochoric reversible processes, then the correct 
sequence (for expansion) would be; 

(a) Wi > W 2 > W 3 > ^4 (h) W 3 > W 2 > W] > W 4 

(c) W3 > W2 > W4 > w, (d) W3 > w, > W2 > W4 

[Hint; w = Work done = Area under curve.] 

2. A thermodynamic system goes jn acyclic process as 
represented in the following P-V diagratn: 



Volume —► 


The net work done during the com. .. cycle is given by the 
area: 

(a) cycle ACBDA 

(b) AA^B^BDA 

(c) AA 2 B 2 B 

(d) half of area bounded by curve 

3. P-V plots for two gases during adiabatic processes are given 
in the given figure: 



4. 


5. 


Plot A and plot B should correspond to: 

(a) He and Oj (b) He and Ar (c) O 2 and He (d) O 2 and F 2 
[Hint: Slope of the adiabatic curve == y 
Slope of 5 > Slope of A 
He (Y = 1.66); 02(7 = 1.44) 

Thus, correct answer will be (c).] 

The q value and work done in isothermal reversible expansion 
of one mole of an ideal gas from initial pressure of 1 bar to 
final pressure of 0.1 bar at constant temperature 273 K are: 

(a) 5.22 kJ, -5.22 kJ (b) -5.22 kJ, 5.22 kJ 

(c) 5.22 kJ, 5.22 kJ (d) -5.22 kJ, -5.22 kJ 


[Hint; w = —2.303n/{r log 


Pi 




= -2.303x1x8.314 x273 log 


= -5.227 kJ 

q = -w = + 5.227kJ for isothermal process] 

Calculate work done when 1 mole of an ideal gas is expanded 
reversibly from 20 L to 40 L at a constant temperature of 
300 K. 

(a)7.78kJ (b)-l,73kJ (c) 11.73 kJ (d)-4.78kJ 
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Passage 1. 

1, (d) 

2.(d) 

3.<b) 

Passage!. 

1. (a) 

2. (b) ; 

3. (a) 

Passa^3. 

1. (a) 

2. (a) 

3. (a) 

Passage 4. 

1. (a) ■ 

2. _(c) ' , ■ 

3.{b) 

Passage 5. 

1. (b) 

‘ 2. (b) 

3. (b) 

Passage 6. 

1. (a) 

2. (c) 

3. (b) 

P^age 7. 

1. (d). 

2. (a) 

.3.,(e) 


4. (c) 

5. (b) 

6. (b) 

7. (d) 

4. (b) 

S. (a) 

6. (a) 


4. (c) 

5. (d) 

6. W . 

7. (a) 

4. (c, d) 




4. (c) 

5. (a) 



4. (d) 

S.(b) 



4. (a) 

S. (b) 







ASSIGNMENT NO. 7 


S^TI0N4 

Straight Objective iype Questions 

This section contains 10 .multiple choice questions. Each 
question has 4 choices (a), (b), (c) .and (d), out of which only 
one is correct. 

1. Reaction of Silica with mineral acids may be given as: 

Si02 + 4HF-—>Sif 4 + 2H2b; - lO.TTkcal 

Si02 + 4HC1 > SiCl 4 + 2 H 2 O; A/f = + 36.7 kcal 
which among the following is correct? 

(a) HF and HCl both will react with silica 

(b) Only HF will react with silica 

(c) Only HCl will react with silica 

(d) Neither HF nor HGl will react with silica 
[Hint: Exothermic reactions arhspontaneous] 

2. In Mayer’s relation, . 

Cp~Cy=R 

‘R' stands for: '' ’ 

(a) translational kinetic energy of 1 mol gas 

(b) rotational kinetic energy of 1 mol gas 

(c) vibrational kinehc energy of 1 mol gas 

(d) work done to increase the temperature of 1 mol gas by 
one degree 

[Hint: "'PV=RT (Foflmolgas) ...(i) 

,P(F+.AF) = i?(r+1) . ...(ii) 

From eqs. (i)'and (ii) • - 

, PAV=R. - 

i.e, =P (work done)]. ■ 

3. ; For an ideal gas, the Joule-Thomson coelHcient is:’ 

(a) zero (b)positive > 

(c) negative (d) depends on atomicity of gas 

4. Entropy change in reversible adiabatic process is: 

(a) infinite (b) zero 


5. For a process to be in equilibrium, it is necessary that: 
(a) A5, 


(c)A5 


^system ^^surr. 


system 


= 0 


(b) AiSj^ygjg,^ — 




0 


Predict the sign of AS for each of the following processes, 
which occur at constant temperature: 

I. The volume of 2 mol of 62 ( 5 ) increases from 44L to 54L 

II. The pressure of 2 mol of O 2 (g) increases from 1 atm to 
1 . 2 atm. . 

I II 

(a) AiS = - ve AS - -\c 

(b) AS = - ve AS = + ve 

(c) AS = + ve AS = - ve 

(d) AS = + ve ■ AS = + ve 

Which of the following statements must be true for the entropy 
of a pure solid to be zero? 

I. The temperature must be zero kelyin 

II. The solid must be perfectly crystalline ,.5 

III. The solid must be an element 

IV. The solid must be ionic 

(a) I (b) I and II 

(c) I, II and HI '» • (d) All are correct 

Which of the following statements is correct? 

(a) Slope of adiabatic P ~V curve is smaller than that in 
isothermal one 

(b) Slope of adiabatic P-V curve will be same as that in 
isothermal one 

(c) Slope of adiabatic P-V curve will be larger than in 
isothermal one 

(d) Slope of adiabatic P-V curve will bC zero 


^ I for an ideal gas is equal to: 

'T 


I dP 


(a) zero 


(b) 


AVRT 


(c) 


PAV 


(d) nRAT 


(c) equal to CyAT 


(d) equal to nR In 


P 


T 
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10. A refrigerator is used to remove heat from enclosure at 0° C at 
tie rate of 600 watt. If the surroundings temperature is 30° C, 

' calculate the power needed: 

(a) 30iw'att (b) 11000 watt 

(c) 65.9 watt (d) 110 watt 

SECTION-II 

Multiple Answers Type Objective Questions 

11. A1/ will be zero for which processes? 

(a) Cyclic process (b) Isothermal expansion 

(c) Isochoric process (d) Adiabatic process 

12. If jc and y are two intensive variables then: 

(a) is an intensive variable 

X 








13. 


(b) — is an intensive variable 

. y - '-■■■ 

(c) (x + y ) is an intensive variable 
,..dx. 

(d) — IS an extensive property 
dy 

Which of the following expressions is/are correct for an 
adiabatic process? 


(a)^ 

T, 


Yl 

f^2 


y-' 


(b) 




y-l/y 




■ y ■‘2 ^ 

(c)F 2K2^=F,FJ (d)P,F,^ 

14. Select the state functions among the following: 

(a) temperature > (b) entropy 

(c)work (d) enthalpy 

15. Select the correct expressions among the following; 


(a) 


(c) 


AG-AH 


pAG^ 
{BT L 


AS (dE. 


nF 


Icell 


ar 


(b) 


(d) 


AG-AH 
T 


a(AG) 

dr 

my 

dP Jr/Cp 


16. Which of the following are correct for an ideal gas? 

"(a- -la-' 


0 


(c) 


apj 


0 


(d) 


H 


ar 


= 0 


17. The Clausius-Clapeyron equation may be given as; 
(a) logic I 
dP 



_ Mfvap 

■ 1 

I' 


2.303P 


Ti. 


(b) 


dT 


AS 

AV 

q 


i ^dP 
(c) — = - 
dT TAV 


(d) —= 

dT 


AV 

AS 


18. Which of the following is/are not state function? 
(a) q (b) 9 - w 

q 


SECTION-in 

Assertion-Reason Type Questions 

This section contains 5 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason): Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement-1. 

(b) Statement-1 is true; statement-2 is true; statement-2 fa not a 
correct explanation for statement-1. 

(c) Statement-1 is true; statemeht-2 is false. 

(d) Statement-1 is felse; statement-2 is true. 

19. Statement-1: Most of the combustion reactions are 
exothermic. 

Because 

Products are more stable than reactants in 
exotnermic process. 

20. Statement-1: There is no exchange in internal energy in a 
cyclic process. 

Because 

Statement-2: In.a jpyi^Uc rproress, the system returns to 
original state in a hifibet dfsteps; 

2 1. Statement-1 : The value of enthalpy of neutralization of weak 
acid and strong base is always numerically less than 57.1 kJ. 

Because 

St8tement-2: All the OH” ions furnished by 1 gram 
equivalent of strong base are not completely neutralized. 

22. Statement-l: Heat of solution is positive when 
Na2SO4l0H2O is dissolved in water but it is negative when 
anhydrous CUSO4 is dissolved in water. 

Because 

Statement-2: Molar masses ofNa2S04.10H20andCuS04 are 
different. 

23. Statement-1: The extensive property of a single pure 
substance depends upon the number of moles of the substance 
present. 

Because 

Statement-2: Any extensive property expressed per mole 
becomes intensive. 

SECTION-IV 

Matrix-Matching Type Questions 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matchal with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correct bubbled 4x4 matrix should be as follows: 


(c)- 


w 


{d)q + w 
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p q r s 


□ 


© 

□ 

m 

□ 

n 

H 

□□ 

0 

m 

@@© 



24r Ma®h theOftr'wftli CisMi: 

List-I List-II 




(P)T 

(q) r 

(r) -S 


25. Match the List-I with List-II and select the correct answer 
from the given codes: 

List-I List-II 

(ThermiKlynaniic properties) (Expression) 

mA« (A)-RTlog^K 


(I) AG 

(II) A^'=' 

(III) A5 

(IV) AG® 

Codes; 

(a) I-C, II-B, III-D, IV-A 

(b) I-B,n-C,Ill-D,IV-A 

(c) I-A, II-B, III-C, IV-D 

(d) I-D,II-A,III-B,IV-C 
26. Match the List-I with List-II: 

List-I 

(a) Perfectly crystalline solid 

(b) Reversible reaction at 
equilibrium 

(c) Isothermal process 


a? ® 


(B)^F^ 


{C)nFE 


List-II 

(P) Al/ = 0 
(q) F = constant 


(r) Lim A —> 0 

r-^OK 


(s) M, 



1 . (b) 

2 . (d) 

3. (a) 

4. (b) 

5. (b) 

6 . (c) 

7. (b) 

8 . (c) 

9. (a) 

10 . (c) 

11 . (a,b) 

12 .(a,b,d) 

13. (a, c) 

14. (a, b, d) 

15. (a, c, d) 

16, (a,b,c) 

17. (a, b,c) 

18. (a, b, c) 

19. (a) 

20 . (a) 

21 . (c) 

22 . (c) 

23, (b) 



24. (a-s) (b-p) (c-q) (d-r) 25, (a) 26, (a-r) (b-s) (c-p, q) (d-q) 
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8,1 INTRODUCTION 

Thermodynamics deals with the feasibility of a chemical change. 
The free energy change, AG, of a reaction helps us to understand 
whether the reaction will occur or not. Even though there may be 
decrease in free energy but reactants do not always form the 
producte instantaneously and actual rate of the reaction may vary 
from extremely slow to very fast. Thermodynamics is concerned 
only with initial and final states of reacting systems but offers no 
explanation about the various stages through which the reactants 
pass to reach the final state. This leads to following questions 
concerning chemical changes. 

(i) How fast do the chemical reactions go? 

(ii) How can the speed of the reaction change? 

(iii) What intermediate steps, the reactants follow to reach the 
final state of products, i.e., the mechanism of the reaction. 

The branch of physical chemistry which deals with the rate at 
which the chemical reactions occur, the mechanism by which the 
chemical reactions take place and the influence of various factors 
such as concentration, temperature, pressure, catalyst, etc., on the 
reaction rates, is called the chemical kinetics. 

Different chemical reactions occur at different rates. On the 
basis of rates, the chemical reactions are broadly divided into 
three categories; 

(a) Very fast or instantaneous reactions: These reactions 
are so fast that they occur as soon as the reactants are brought 
together. Generally, these reactions involve ionic species and thus 
known as ionic reactions. These reactions take about 10”*'' to 
10”'* seconds for completion. It is almost impossible to 
determine the rates of these reactions. Some such examples are: 

(i) Precipitation of AgCl when solutions of silver nitrate and 
sodium chloride are mixed. 

AgNOj + NaCl- >AgO + NaNOj 

(ii) Precipitation of BaS04 when solutiom of barium chloride 
and sulphuric acid are mixed. 

BaCl2 + H2SO4-^BaSO^ +2HC1 


(iii) Neutralisation of an acid with a base when their aqueous 
solutions are mixed. 

HCl + NaOH-> NaCl + HjO 

Acid Base Salt 

(b) Very slow reactions: There are certain reactions which 
are extremely slow. They may take months together to show any 
measurable change at room temperature. It is also difficult to 
study the kinetics of such reactions. 

Some examples are: 

(i) Reaction between hydrogen and oxygen at room 
temperature. 

Room temperature 

2H2 + O2-> 2H2O (Very slow reaction) 

(ii) Reaction of atmospheric H2S on basic lead acetate. 

Atmospheric 

White basic lead acetate paint -> Blackening 

H2S 

of paint occurs very slowly 
(due to formation of PbS.) 

(iii) Reaction between carbon and oxygen. 

Room temperature 

c+O2-»CO2 

Carbon and oxygen are thermodynamically less stable than 
CO2 at 298 K, yet coke does not spontaneously catch fire in air 
and remains unreacted even for years. 

(iv) Reaction between carbon monoxide and hydrogen. 


CO+2H2 


Room temperature 

--->CH 30 H 


The reaction is thermodynamically feasible at 298 K but in 
actual practice the reaction proceeds infinitesimally slowly. 

(v) Rusting of iron occurs very slowly. 

(c) Moderate reactions: Between the above two extremes, 
there are a number of reactions which take place at moderate and 
measurable rates at room temperature and it is these reactions 
which are studied in chemical kinetics. Mostly these reactions are 
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molecular in nature. Some common examples of siich type are 
given below: 

(i) Decomposition of hydrogen peroxide. 

2 H 2 O 2 -> 2 H 20+02 

(ii) Decomposition of nitrogen pentoxide. 

2N2O5-> 2N2O4 + O2 

(iii) Hydrolysis of an ester. 

CH 3 COOC 2 H 5 + NaOH-> CHjCOONa + CjHjOH 

Ester Sodium acetate 

(iv) Inversion of cane sugar in aqueous solution. 

C12H22O11 +H2O-^CgH|205 + CgH| 20 g 

Cane sugar Gluco.'ie Fructose 

(v) Reaction between nitrogen dioxide and carbon monoxide. 

NO 2 +CO->N0 + C 02 

(vi) Reaction between ferric chloride and stannous chloride. 

2FeCl3(a^.) + SnCl2(n^.)-> 2FeQ2(n?.) + SnCl4(a9.) 

(vii) Decolourisation of acidified potassium permanganate 
with sodium oxalate. 

(viii) Reaction between nitric oxide and chlorine. 

NO + Cl 2 ->NOCl 2 

The chemical reactions can be slowed down or speeded up by 
changing conditions under which they occur. For example, very 

slow reaction, CO+ 2 H 2 -> CH 3 OH, can be speeded up by 

maintaining temperature around 400®C, pressure about 300 
atmospheres and using a catalyst containing ZnO and Cr 203 . The 
decay of food articles can be slowed down by preserving them in 
refrigerators. There are two principal reasons for studying 
chemical kinetics. 

(i) To predict the rate of a particular reaction under 
specified conditions: The conditions can be adjusted to make 
the reaction to go at a desired rate, either rapidly or slowly or 
moderately. The field of chemical kinetics is useful in industry as 
the conditions for maximum yields of industrial products can be 
ascertained. 

(ii) To predict the mechanism of the reaction: The 
intelligent guess regarding various elementary processes 
responsible for the formation of products can be made which 
should be consistent with experimental data. 

8.2 RATE OF REACTION (Average and 
Instantaneous Rate) 

We are all familiar with processes in which something changes 
with time. Rate is usually expressed as the ratio of the amount of 
change in some quantity to the time required to produce that 
change. 

Change in some quantity 

Rate =-=- 

Time taken for the change Ar 

The term AX means - X i„ i, i„, and At is the amount of 
time elapsed. For example, a car driver starts his journey at 9.0 
a.m. with odometer reading x miles. At 11.0 a.m. he reaches his 


destination. The odometer reading at destination is y miles. The 
rate ofhis travel can be calculated as: t 

„ A(distance) distance- distance 

Rate =-=- 

A(time) 


y-x 

11 . 0 - 9.0 


miles hr:-' 

2 


The above example indicates that the car has been driven with 
uniform rate but actually it has been driven sometimes faster and 
sometimes slower depending upon the conditions of the road. 
Thus, the overall rate is an average rate and the rate at which the 
car was moving at any instant, i.e., instantaneous rate was 
changeable. 

The rate measured over a long time interval is called 
average rate and the rate measured for an infinitesimally 
small time interval is called instantaneous rate. 

In a chemical change, reactants and products are involved. As 
the chemical reaction proceeds, the concentration of the reactants 
decreases, i. e., reactants are consumed and the concentration of 
products increases, i.e., products are produced. The rate of 
reaction (average rate) is defined as the change of 
concentration of any one of its reactants (or products) per 
unit time. 

Average rate of reaction, 

^ _ Change of concentration of one of the reactants or products 
Time taken for the change 

Consider a common hypothetical reaction, 

A 

The average rate of reaction may be expressed either in terras “ 
of decrease in concentration of A (reactants) or in terms of 
increase in concentration of B (product). 

. . Decrease in concentration of A 

Average rate of reaction =-^- 

Time taken 


^ . . Increase in concentration of B 

or Average rate of reaction =-;- 

Time taken 

The concentrations of reactants or producte are expressed as 
number of moles per litre. The symbol for the molar 
concentration consists of the formula of the substance enclosed in 
bracket. The symbol [A\ stands for the molar concentration of A. 
The symbol A[^], Aerefore, stands for the change in molar 
concentration of 

The rate of decrease or increase in the concentration of 
reactants or products may also be expressed in terms of change in 
their concentration during the time interval. At, as: 

Average rate of reaction = — 

At 

or Average rate of reaction = + 

At 

(A negative sign placed before a reaction rate symbol signifies 
a decrease in concentration of the reactant with increase of time 
and a positive sign before the rate symbol signifies that the 
concentration of the product increases with incre^e in time. The 
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|ir. 


Time 
Fig. 8.1 


concentration change may be positive or negative but the rate of 
reaction is. altvays positive. Tiie minus sign is. always written 
when requir^,but the plus sign is usually not mentioned.) 

Figure 8.1 shows the change of concentrations of reactant (A) 
and product (B) as the chemical reaction A progresses with 
time, Let [A],^ and be die concentrations of./I at time 
/, and < 2 , respectively. 

,At = h-t\ ... ■ 

A[A]_ 


and 


At 


■L 


Over the same time interval /, to / 2 . the concentration of B 
changes from [S],I to [5,]jj. 

A[B]_[-B],^ - [B\ 


r„, = ■ 


At 


h~h 

Since, one mole of A produces one mole of B, the rate of 
decrease in concentration of A should be equal to the rate of 
increase in concentration of B. Thus, 

A[^] _ A[B] 

At At 

Reaction rate has the units of concentration or molarity 
divided by time. Therefore, the units of rate of reaction may be 
expressed as: 

mole/litre sec (mol L^* s"') 


or 

or 

or 

or 


mole/litre min (mol L” min ” ) 
mole/litre hour (mol L~' h ”') 
mole/litre day (mol d”') 
mole/litre year (mol L"' y“’) 


' • •• 


St MsoME Solved Examples\ S5S! ^ I 


Example 1, In a reaction, the concentration of a reactant 
(A) changes from 0.200 mol litre’'' to 0.150 mol litre~' in 10 
minutes. What is the average rate of reaction during this 
interval? 

Solution: A[/(] = [^]f,„^ 

= [0.150 - 0.200] = - 0 '050 mol litre-' 

At = 10 minutes 

-A[A] _ -[- 0.050] 


Average rate of reaction ^ 


Af 

0.050 

10 


10 


0.005 mol litre ' min ' 


Expression of Rate 

Consider the following reaction between CO and NO 2 : 

CO+NO 2 -^C02+N0 

The equation shows that ^hen one mole of CO reacts with one 
mole of NO 2 , one mole each of CO 2 and NO are formed. The 
average rate of reaction can be expressed either by decrease of 
concentration of any one of the reactants (CO or NO 2 ) or by the 
increase in concentration of any one of the products (CO 2 or 
NO). 

A[CO]_ A[N02 ]_ A[C02]_ A[NO] 


Thus, - 


At 


At 


At At 

However, for the reaction, 

2H2O2 —-+2H2O + O2 

it is observed that when 2 moles of H 2 O 2 decompose, one 
mole of O 2 is formed in the same time interval. The rate of 
increase in the concentration of O 2 , therefore, is half that of the 
disappearance of the concentration of H 2 O 2 in the same time 
interval; 

A[02]_ 1 A[H202] 

2 


'So, 


At 


At 


In general, for a reaction, 
niA + n2B 


+ m2D 


the rate expression may be expressed as: 

1 A[/l]_ 1 A[5}_ 1 A[C], 


1 A[0] 


H] At «2 Ar m, At m 2 At 


Thus, for the reaction, 

H 2 +12^^ 

the rate may be expressed as: 

A[H2]_ A[l2] 


At 


At 


2HI 

1 A[ HI ] 

2 AT - 


Note : In case of gaseous reaction, pre^ure may be taken in place of concentration. Thus, rate will have the unit of atm sec ‘ or atm min 

n 


PV = nRT 


or 


A[P] 

At 


P = 

A[C] 

At 


,V 

RT 


RT or P = CRT 


or Rate in [atm/sec] = Rate in [molarity/sec] x RT 
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Similarly, for the decomposition of NjOj in CCI 4 medium, 
the rate may be expressed as: . 

2 N 2 OS->4N02 +O 2 

t A[N20 s] _1 A[N02] _A[02] 

2 At 4 At ~ At 


Example 2. Decomposition of N 20 ^ is expressed by the 
equation, 

-» 2 A^ 02 +K 02 

If during a certain time interval, the rate of decomposition of 
iV 2^5 1 . 8 x lO"^ mol litre~^ what will be the rates of 

formation 0 /JVO 2 and O 2 during the same interval? 

Solution: The rate expression for the decomposition of N 2 O 3 is: 
A[N205] _ 1 A[N 02 ] _, A[Q 2 ] 

At 2 At At 

So, ^ = 2Ma^ = 2xL8xlO- 
At At 

= 3.6x10“^ mol litre'' min"' 

and = i = 1 X 1.8 X 10~^ 

At 2 At 2 

= 0.9 X10“^ mol litre'' min”' 


(Rate is always positive and hence - 


A[N205] 

At 


positive.) 


is taken 


Instantaneous Rate 


In chemical kinetics, the rate at any particular instant, Le., 
instantaneous rate rather than the average rate over a time interval 
has much more practical application and importance. It is defined 
as the rate of change of concentration of any one of the 
reactants or products over a very small interval of time. 

If . we take infinitesimal small interval of time dt, it may be 
assumed that the rate is uniform through this interval; then if dx is 
amount of substance A transformed to B during this interval, the 

dx 

rate of reaction at that instant is given as-. 

dt 


[In differential calculus, when At becomes very small and 
approaches zero, the ratio ntay be replaced by the 

j • • d[A] . 

denvative,- ,i.e., 

dt 


= lim 
st -»o 


A[^] 

At 


d{Al 

dt 


On the other hand, if the rate of reaction is expressed in terms 
of the concentration of any of the products which goes on 

increasing, then rate of reaction at particular instant = —; 

• dt 

In general, for a reaction, 

n^A+ n2B - r m^C + 

The instantaneous rate may be expressed as: 

\ d[A] \ d[B] _ I d[C] _ 1 423] 

Uj dt B2 dt Bii dt m 2 dt 
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Experimental Determination of Instantaneous Rate of 
Reaiction 

In order to determine changes in concentration of reactants or 
products, it is customary to take small portions of the reaction 
mixture at suitable intervals of time and fi^e^ them rapidly to 
about 0°C as to stop the reaction. The concentration is then 
measured with the help of a suitable method. In several cases, 
concentration changes are measured by observing changes in 
certain physical properties which are proportional to it such as 
optica] densities, electrical conductivity, optical rotation, etc. A 
curve is plotted between concentration and time. A tangent is 
drawn to the curve at the point corresponding to time interval ‘ t'. 
The slope of this tangent gives the instantaneous rate of reaction. 
This is shown in Fig. 8.2 (a). 

Instantaneous rate of reaction = Slope of ciuve 
Intercept along ordinate ^ 

Intercept along abscissa At 

Since, the concentrations of the reactants keep on decreasing 
with time, the rate of reaction correspondingly decreases with 
time. Thus, the rate of reaction will depend on the stage 
considered during progress of the reaction. The rate of reaction is 
maximum at the initial stage and decreases with time. 
Theoretically, infinite time would be required for a ruction to 
complete. But the reaction rate becomes so slow after a certain 
time that for all practical purposes, the reaction can be considered 
to be con^leteA It is evident from Fig. 8.2 (b) that the rate of 
reaction is varying from moment to moment. 




Fig. 8.2(a) Determination Fig. 8.2(b) Variation of rate 
of rate of reaction 

Reaction Life Time 

It is defined as the time taken by a reaction to proceed to 98% 
of completion. The shorter the life time, the faster the ret« 5 tion. 
Reaction life times are used to compare the various reactions. 
Reactions are also compared with half life periods. The half life 
period is defined as the time during which flie concentration of a 
reactant is reduced to one-half of its initial value or the time in 
which half of the reaction is completed. It is generally denoted by 
tii 2 . The shorter the half life period, the faster is the reaction. 

Example 3. For each of the following reactions express 
the given rate of change of concentration of the reactant or 
product in terms of the rate of change of concentration of other 
reactants or products in that reaction : 
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(a) H 2 O 2 + 2// * + 3/ " -—>/j" + W 2 O ; - 


dt 


dt 

(b) 16H* +2MnO; +10/ 

d[Mn 04 ] 


+m 20+51 2 ; 


dt 


■ = •> 


dim^i 

dt 


= ? 


(c) Am 2 + 5 O 2 -^ 4]V02 + 6i/20 ; - 

Solution: We have, 

(a) H 2 O 2 + 2 H^ +3r —>13 + 2 H 2 O 
The equality in this case is: 

4 H 2 O 2 ] _ _ 1 d[ ] _ _ 1 d[r ] _ ^/[Ij ] ^ 1 d[H 20 ] 
~ 2 dt 3 dt 


dt 


dt 


dt 


So 4r]_ 3 4H202] _ 3 4H^] _3 41i]_3 flr[H20] 

' dt dt 2 dt dt 2 dt 

and ^dir]_,d[n]_ d[H 20 ] 

dt dt 3 dt dt dt 

(b) leH-" + 2 Mn 04 + 101 " -+ 2 Mn 2 '' + 8 H 2 O + 5 I 2 
The equality in this case is: 

1 l ^[Mn 04 ] _ 1 41'] 

16 dt 2 dt m dt 

_ 1 rf[Mn^^] _ 1 ^[HzO] _ 1 4 I 2 ] 

~ 2 


So, 


dt B dt 5 dt 
4 Mn 04 ] _ l dm^] _ ld[l-] 

dt B dt 5 dt 

_ d[Mn^^] _ 1 </[H20] _2 4l2] 
dt 4 dt 5 dt 
(c) 4 NH 3 + 5 O 2 -> 4 N 02 + 6 H 2 O 

The equality in this case is: 

1 djmij] _ 1 d[02] _ 1 dm02] _ 1 rfEHaO] 

4 dt 5 dt A dt 6 dt 

So ^[NH 3 ] _ 4 d[02 ] _ dm 2 ] _ 2 4 H 2 O] 
dt 5 dt dt 3 dt 

' Example 4. The following reaction was carried out in 


water: 

CI 2 + 21 - - >i2+2cr 

The initial concentration of I ~ was 0.25 mol i"' and the 
concentration after lOminutes 0.23 mol 17^. Calculate the rate of 
disappearance ofI~ and appearance 0 // 2 . 

Solution: A[r ] = [F - [F 

= 0.23 - 0.25 =-0.02 mol L"' 

A? = 10-0= 10 min 

_ A[I ] _ _ 0 . 02 ) „oi L-' inin -i 


At 


10 


Rate of appearance of 1 2 


1 A[F ] _ 0.002 


2 At 2 
= 0.001 mol L"' min"’ 

=Tx 10“^ molL"' min"' 

Example 5. The reaction between Cr20\' andHN02 in an 
acidic medium is: 

Cr20Y + 5H^ + mN02 -+2Cr^* + 3NO; + AH 2 O 
The rate of disappearance of Cr 20 |" is found to be 
2.4 X 10”^ mol 17 ' s”’ during a measured time interval. Find the 
rate of disappearance of HNO 2 and the rate of appearance of 
Cr^* during this time interval. 

Solution: The equality in this case is: 

_ A[Cr20^] A[HN02 ] _ 1 A[Cr^ 

3 ' 


,3+ 1 


At 


At 


At 


It is given that, 


So, 


and 


^^Cr207~ ] ^2.4X10-^ mol L-, s"’ 

At 

- ^ = 3 X 2.4 X 10"^ = 7.2 X 10"^ mol V 


1 


At 


= 2 X 2.4 X 10'^ = 4.8 X 10"'’ mol L"’ s 
At 


-\ ^-1 


Uil^WNS Of OBjECTIVE QUESTIONS _ 

1. For the reaction, 2 N 2 O 5 -> 4 NO 2 + O 2 rate of reaction is: 

(AIIMS2006) 

(b) 2 -^[N 205 ] 


(a) i^[SO] 

2dt ^ ^ 


(c) 

4 dt 

[Ans. (c)] 

[Hint: For the reaction: 

2 N 2 OS- 


dt 

(d) A^mo2] 

dt 


► 4NO, + O, 


1 ^[N^Os] , 1 

1 dt 4 dt dt 


2. Observe the following reaction: 


4(g)+35(g)->2C(g) 


The rate of this reaction 


min” . What is the value of ■ 


-4^]1 ; 


dt 

-dm, 


is 3 X 10" mol litre" 


dt 


in mol litre min” ? 


(a) 3 X 10”^ (b) 9 X 10”^ (c) 10"^ 

[Ans. (b)] 

-diA] 1 d[S] 


(EAMCET 2006) 

(d) 1.5x10"^ 


[Hint: 


dt 

-d[B} 

dt 


3 dt 

zidJl = 3 X 3 X 10 "^ 

. dt \ 

■ 9 X 10"^ mol litre"' min"' ] 
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3. For the reaction, 2A + B - > 3C + D, which of the 

following does not express the reaction rate? 

[CBSE (Med.) 2006] 


(a) ^ (b) ^ 

3 dt dt 

[Ans. (a)] 

IHInf ' 

^ ‘ 2 dt dt 




(c) 


dm 

dt 


(d) 


-d[A] 

2dt 


3 dt dt 


4. (Consider the reaction, N2(g)+3H2(g)-^2NH3(g). The 

4NH,] ^ ^H,]. 

equality relationship between —-^ and- — is: 

dt dt 

[CBSE (Med.) 2006] 
4NH3] 24H2] 

^ ’ dt 3 dt 

^[NH3] dlH^] 
dt 


(a) 

(c) + 


4 NH 3 ] 


1 dm 2 ] 

dt 3 dt 

t^tNH 3 ] ^ _ 3 4H2] 
dt 2 di 
[Ans, (b)] 

[Hint: = + 

2 dt 2 dt 


(d) 


dt 


-> 2B rate of disappearance of A is 


For a reaction - A 
2 

related to the rate of appearance of B by the expression: 

(AIEEE 2008) 
-d[A] _ I d[B] 

dt 2 dt 


(a) 


■d[Al^^d[B] 


(c) 


dt 

-d[A]^ 


dt 
1 d{B] 
4 dt 


(b). 


dt 

[Ans.(c)3 

[Hint: The reaction may be given as 

A -> 4fl 

-d[A] :^ W[fl]. 
dt 4 dt 




dt 


dt 


Rate of reaction.] 


In a reaction of acidified hydrogen peroxide with potassium 
iodide, the concentration of iodine formed rises from 0 to 
10“ ^ mol dm“^ in 10 seconds. What is the rate of reaction ? 

[PET (Raj.) 2008] 

(a) 10“ ^ mol dm“ ^s 


(c) 10 ^ mol dm 's 


v 

-3„-l 

lUl UU! 

Ans. (a)] 

Hint: The reaction is 

21“ + HjOj + 2H'' 


(b) 10* mol dm ^s ’ 
(d) 10 “ mol dm" ^s“' 


+ 2HoO 


Rate = + 


4 I 2 ] 10' 


dt 


10 


= 10 *moldm“^s"’] 


3.3 LAW OF MASS ACTION 

(Guldberg and Waage, 1864) 

This law relates rate of reaction with active mass or molar 
concentration of reactants. 

“At a given temperature, the rate of a reaction at a 
particular instant is proportional to the product of the active 
masses of the reactants at that instant raised to powers which 
are numerically equal to the numbers of their respective 
molecules in the stoichiometric equation describing the 
reactio!}*.^’ 


Active mass = molar concentration of the substance 
number of gram moles of the substance 
volume in litres 

_ w/M _ n 
~ V ~V 

where, w = mass of substance and ‘M’ is the molecular mass in 
gram, ‘ n’ is the number of gram moles and V is volume in litre. 

, j JExample 6. 4 g of hydrogen and I2ig of hydrogen iodide 
are present in a 2 litre flask. What are their active masses? 

Solution: Mass of hydrogen = 4 g 

Mol. mass of hydrogen = 2 
Volume of the flask = 2 litre 

4 I 

Active mass of hydrogen = —- = 1 mol L 

Mass of HI 
Mol. mass of HI 
Volume of the flask 

Active mass of hydrogen iodide 


= 128g 
= 128 
= 2 litre 

198 , 

= = 0.5 mol L“' 

128x2 


8.4 RATE CONSTANT 


Consider a simple reaction A -^B. 

If is the molar concentration or active mass of ^4 at a 
particular instant, then 


dx 

'dt 


Ca 


dx . ^ 
or — = kCi 
dt '' 


where, A; is a proportionality constant, called velocity constant 
or rate constant or specific reaction rate. 

At a fixed temperature, if = 1, then 

Rate = — = k ... (i) 

dt 


Let us consider a general reaction. 

aA + bB - i Product 


Rate = 


— 


■lAriBf 


Rate = A:[^]“[5]* 


...(ii) 


When [A] = [R] = 1 mol/litre, then 
Rate = k 

Rate of a reaction at unit concentration of reactants is 
called rate constant. 

The value of rate constant depends on: 

(i) Nature of reactant 

(ii) Temperature 

(iii) Catalyst 


Unit of Rate Constant 

Rate constant has different units for reactions of different 
order. General rule for rate of reaction may be given as: 




G.R.B. Physical Chemistry For Competitions 


524 


Unit of rate constant = 


1 


unit of concentration 

n-l 


) -1 


xtime 


1 


mol/litre 
«-1 


X sec 


litre 

mol 


X sec 


where, n = order of reaction. 


s. 

No. 

Rate of reactton 

Reacdon rate constant 

1 - 

It is the speed with which reac¬ 
tants are converted into prod¬ 
ucts. 

It is proportionality constant. 

2 . 

It is measured as the rate of de¬ 
crease of concentration of reac¬ 
tants or the rate of increase of 
concentration of products with 
time. 

It is equal to the rate of reaction 
when the concentration of each 
of the reactants is unity. 

3. 

It depends upon the initial con¬ 
centration of reactants. 

It is independent of the initial 
concentration of the reactants. 
It has a constant value at fixed 
temperature. 


8.5 COLLISION THEORY OF REACTION 
RATE (Arrhenius Theory of Reaction 
Rate) 

(1) A chemical reaction takes place due to collision among 
reactant molecules. The number of collisions taking place per 
second per unit volume of &e reaction mixture is known as 
collision frequency (Z), The value of collision frequency is very 
high, of the order of 10^^ to 10^* in case of binary collisions. 

(2) Every collision does not bring a chemical change. The 
collisions that actually produce the products are effective 
collisions. The effective collisions which bring chemical change 
are few in comparison to the total number of collisions. The 
collisions that do not form a product are ineffective elastic 
collisions, Le., molecules just collide and disperse in different 
directions with different velocities. For a collision to be effective, 
the following two barriers are to be cleared: 


Energy Barrier ' 

The minimum amount of energy which the colliding 
molecules must possess as to make the chemical reaction to 
occur, is known as threshold energy. 



In the graph (Fig. 8.3), ‘E’ corresponds to minimum or 
threshold energy for effective collision in a hypothetical reaction, 

There is an energy barrier for each reaction. The reacting 
species must be provided with sufficient energy as to cross the 
energy barrier. 

The minimum amount of energy required by reactant 
molecules to participate in a reaction is called activation 
energy. 

Activation energy = threshold energy - average kinetic 

energy of reacting mol^ul^ 
Threshold energy = initial potential ener^ of reactant 

molecules + activation energy. 

A collision between high energy molecules overcomes the 
forces of repulsion and Wngs the formation of an unstable 
molecule cluster, called the activated complex. The life span of 
an activated complex is very small. Thus, the activated complex 
breaks either into reactants again or new substances, Le., 
products. The activation energy (E^ ) depends upon the nature of 
chemical bonds undergoing rupture and is independent of 
enthalpies of reactants and products. The energy changes during 
exothermic and endothermic reactions versus the progress of the 
reaction are shown in Fig. 8.4. 



(Exothermic) (Endothermic) 


Fig. 8.4 Activation energy of exothermic 
and endothermic reaction 

Thus, every chemical reaction whether exothermic or 
endothermic has an energy barrier which has to be overcome 
before reactants can be transformed into products. If the reactant 
molecules have sufficient energy, they can reach the peak of the 
energy barrier after collision and then they can go to the right side 
of the slope and consequently change into products. If the 
activation energy for a reaction is low, the fraction of effective 
collisions will be large and the reaction will be fast. On the other 
hand, if the activation energy is high, then Suction of effective 
collisions will be small and the reaction will be slow. When 
temperature is increased, the number of active molecules 
increases, i.e, the number of effective collisions will increase 
and the rate of reaction will increase. ' 

Activation energy E^ — ^(activated complex) “ -^(ground state) 

A/T = activation energy of forward feactioh 

- activation ener^ of backward reaction. 
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Orientation Barrier 

Energy alone does not determine the effectiveness of the 
collision. The reacting molecules must collide in proper manner 
if the reaction is to occur. This has been shown in Fig. 8.5. 

Rate of reaction is directly proportional to the number of 
effective collisions. 

Rate --= collision frequency x fraction of 

effective collisions 

= Zx/ ■ 





Reactants 


A A 


B B 
Products 






i No product 

/ formation 

Fig. 8.5 Orientation of collisions 

Factors Affecting Rate of Reaction 

(i) Nature of the reactants 

(a) Physical state of reactants: This has coiBiderable 
effect over rate of reaction. 

Gaseous state > Liquid state > Solid state 

- > 

Decreasing rate of reaction 

Similarly, in a heterogeneous system, collision is not so 
effective as in homogeneous system. Thus, reactions in liquid 
phase or solution phase will be faster in comparison to 
heterogeneous conditions when same concentrations of the 
reactants are taken. 

(b) Physical size of the reactants: Among the solids, rate 
increases with decrease in particle size. In powdered state rate of 


reaction is maximum because in powdered state, surface area is 
maximum: 

(c) Chemical nature of reactants: Consider the following 
two reactions: 

2NO(g) + 02 (g)-> 2 NO 2 (g) ... (i) 

CH4(g) + 202 (g)->C02(g) + 2H20 ...(ii) 

The first reaction is faster than the second because in the first 
reaction only N^Obond is to be broken whereas in the second 
reaction four (C—^H) bonds are to be broken. 

Similarly, consider another example of two similar reactions: 

2NO(g) + O 2 (g)-> 2 NO 2 (g) ... (iii) 

2CO(g) + 02 (g)-»2C02(g) ...(iv) 

NO bond is weaker than CO bond, hence broken easily. Thus, 
reaction (iii) is faster than (iv). 

(ii) Concentration of reactants 

Let us consider the reaction: I 

A + s —> c + ly I \ 

Rate = lt[/<][R] | \ 

Rate of the above reaction ' \ 

decreases with the passage of time § \ 

because the concentration of N. 

reactants A and B will decrease as 

time passes on. _ 

Let us consider the following Time ► 

reversible reaction: Fig. 8.6 

^ + Bt==^C + £> 

Rate of forward reaction = Ay [i4 ][B] 

Rate of backward reaction = A(,[C][Z)] 

Rate of forward reaction decreases and that of backward 
reaction increases with passage of time. At equilibrium both the 
rates become equal. 


Time —> 
Fig. 8.6 


- Rate of forward 
reaction 

Equilibrium 


-Rate of backward 

/ reaction 

Time —► 

Fig. 8.7 

(ill) Effect of temperature 

The rate of reaction increases considerably with an increase in 
temperature. The rates of many reactions are approximately 
doubled or tripled for every 10°C rise in temperature. The 
temperature coefficient of a chemical reaction is defined as the 
ratio of the specific reaction rates of a reaction at two 
temperatures differing by 10°C. 

410 

p = Temperature coefficient = — 
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the presence of a catalyst, the reaction follows a path of lower 
activation energy. Under this condition, a large number of 
reacting molecules are able to cross over the energy barrier and 
thus the rate of reaction increases. Fig. 8.11 shows how the 
activation energy is lowered in presence of a catalyst. 


>* 

« 

c 


B 

o 

a. 


Fteacflon path 
without catalyst 



Reactants 

The effect of a 
catalyst is to lower 
the energy of activation 


Products 


Collision number 


Fig. 8.11 A catalyst changes the 

reaction path (Positive catalyst) 


: antilog 


AE 


2303RT 


: l mSt MsoME Solved ExamplesM SS; ::: 

Example?. The rate of a reaction triples when 
temperature changes from 20°C to 50°C. Calculate energy of 
activation for the reaction. {R - 8.314 mol ”*) 

Solution: The Arrhenius equation is. 


log 


E„ 


10 


R X 2.303 




Given:= 3;/? = 8.314JK”‘ mor‘;ri =20+273 = 293K 

and Ta =50 + 273 = 323 K 

Substituting the given values in the Arrhenius equation. 


log,o 3 = 


8.314x2.303 


323-293 
323 X 293 


E„ = 


2.303 X 8.314 x 323 x 293 x 0.477 


30 


■ 28811.8 Jmor^ 


(v) Presence of negative catalyst 

A negative catalyst increases the activation energy of reaction 
by forming a new intermediate of high energy, i. e ., by changing 
the reaction mechanism. 

Due to increased activation energy, some active molecules 
become inactive, therefore, rate of reaction decreases. 



Fig. 8.12 Negative catalyst 

Let ‘ p' denote presence of catalyst and ‘a’ denote absence of 
catalyst. 

-E./RT 


kp= Ae 


Ae 


-E„!RT 


-(i) 

...(ii) 


Dividing eq. (i) by eq. (ii), we get 

kn 


^(E„-Ep)IRT _^MIRT 


= 28.8118 kJ mol"' 

Example 8. In Arrhenius equation for a certain reaction, 
the value of A and E^ {activation energy) are 4 x 10*^ see”* and 
98.6 kJ mol~^ respectively. At what temperature, the reaction 
will have specific rate constant 1.1 x 10“^ sec”’ ? 

Solution: According to Arrhenius equation. 


k = Ae' 


■E. IRT 


or 


log,l: = log^^ --^log^e 


or 


2.303 log 10 k = 2.303 logig A 


RT 

or 2.303 log (1.1 x 10”^ ) = 2.303 log (4 x lO'^ ) • 




98.6x10^ 


98.6x10^ 
8.314 XT 

K 


8.314x2.303x16.56 
= 310.96 K 

Example 9. The rate constant is given by Arrhenius 
equation, 

k = Ae-^^>^^ 

Calculate the ratio of the catalysed and uncatalysed rate 
constants at 25°C if the energy of activation of a catalysed 
reaction is \62 kJ and for the uncatalysed reaction the value is 
3S0kJ. 

Solution: Let and k^,„ be the rate constants for catalysed 
and uncatalysed reactions. 


2.303 log ,0 k^^ =2.303 log ,0 A 


162x10^ 

RT 


... (i) 
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and 2.303 log 10 =2.303 log k, A 


350x10^ 


Subtracting eq. (ii) from eq. (i) 


2303RT 


(350-162) 


= 32.95 


188x10^ 

" 2.303x8.314X298' 
^ = 8.88x10“ 


Example 10. Calculate the rate constant of a reaction at 
193Kwhen the energy of activation is 103 kJ mol and the rate 
constant at 273 K is 7.87 x 10”^ s”’. 

{R = 8.314 X10“^ U mol ^ ) 

Solution: The Arrhenius equation is, 


k^ 2.303i{L \ 

Given: ^i = 7.87 x 10~’s”*; = 103 kJ mol"*; 

i? = 8.314xl0"^ kJmol"* K"‘; 

r, =273Kandr2 =293K 

Substituting the values in Arrhenius equation, ‘ 

, k. 103x20 

log 10 - — -T =-5- 

7.87x10"’ 2.303x8.314x 10"^ X 293x 273 

= 1.345 

=1.74x10"’ s"‘ 

Example 11. .i 407 X, the rate constant of a chemical 
reaction is 9.5xl0~’s~' and at 420K, the rate constant is 
1.9 X10"^ 5 "’. Calculate the frequency factor of the reaction. 
Solution: The Arrhenius equation is, 

t ^2 ^2 

log 10 — = —:— - — - - 

ki 2.303xi?L TJ 2 

Given: ky = 9.5x 10"’ s"‘; kj = 1.9x 10"^ s"‘; 
i? = 8.314 J mol"' K"'; 
r, =407Kandr2 =420K 

Substituting the values in Arrhenius equation 

1.9x10"^ _ [420 - 407' 

9.5x10"’ " 2.303x8.314 [420 x 407 

£ =75782.31 mol"* 


Applying now log ky = log 4 


log 9.5 X 10 ’= log .4 


2.303£ri 

75782.3 

~ 2.303x8.314x407 


A _ ' 75782.3 

9.5 X 10"’ ~ 2.303 X 8.314 x 407' 

^ = 5.04 X 10 ’ s"‘ 


■ = 9.7246 


Example 12. The energy ofactivation for a reaction is 100 
kJ mol "*. Presence of a catalyst lowers the energy of activation 
by 75%. What will be effect on rate of reaction at 20° C, other 
things being equal? 

Solution: The Arrhenius equation is, 

In absence of catalyst, ^1 = 

In presence of catalyst, ^2 = Ae~^^'^^ 

So, :k = ^75/t<r^^2.3031og^ = ^ 

k, k, RT 


or 2.303 log ^ =- 

^1 8.314x10"’X 293 

, k2 75 

or log-p= ^- 

ky 8.314x10"’X 293 x 2.303 

or ^ = 2.34x10*’ 

^1 

As the things being equal in presence or absence of a catalyst, 
ko ^ rate in presence of catalyst 
ky rate in absence of catalyst 

i.e., = .1^ = 2.34x10*’ 

q ky 

OF OB]ECTTrVt QUESTICT^^ S ^ 

7. For a reaction E^ - 0 and k = 3.2x lO'* s~' at 300 K. The 
value of A: at 310 K would be: 

(a)64xl0S"' (b)3.2xl0S"' 


(c)3.2xl0*s"' 


(d) 3.2x10’ s"‘ 


[Ans. (b)] 

[Hint: k = Ae~^“ 

When £ 0 = 0 , k = A= constant 


^310 = A: 3 qq - 3.2 X 10 s'] 

8. For a gaseous reaction, following data is given: 

C—^D,it2=10“'c"‘““'’’ 

The temperature at which ky = *2 is: 

(a) 1000 K (b)2(M)0K (c) 868.82 K (d) 434.2 K 

[Ans. (d)] 

[Hint: When =* 2 . 

jQi5g-2000/r _ jQMg-iooo/r 


2303 log 10 = 


r = 434.2 Kl 
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9. For N 2 te)+ 3 H 2 te)-> 2 NM 3 (g) + 22 kcal, for the 

reaction is 70 kcal. Hence, the activation energy for 

2NH3(g)->N2(g) + 3H2(g)is; 

(a) 92 kcal (b) 70 kcal (c) 48 kcal (d) 22 kcal 
[Ans. (a)] 

[Hint: m = 


-22 = 1^-Et, 

£* =92 kcal] 

10. On introducing a catalyst at 500 K, the rate of a first order 
reaction increases by 1.718 times. The activation energy in the 
presence of a catalyst is 6.05 kJ mol '. The slope of the plot of 
In k (sec“') against l/T in the absence of catalyst is: 

(a)+l (b)-l (c )+1000 (d )-1000 

[Ans. (d)] 

in presence of catalyst 
Rate in absence of catalyst 


12 . 


[Hint: 


: Antilog 


+M 

2303RT 


1.718 = Antilog 


• = 2.25 kJ 


E„-E„ 


2.303 X 8.314 x 500 


E„ 


Ep + 2.25 = 6.05 + 2.25 = 

-I 


8.30 kJ mol 


-1 


= 8.3 kJ mol 

lnA:=ln4-^x-i 
R T 

-E. -8.3 X 1000 

Slope = —- =-: 

R 8.3 


- 1000 ] 


11. For which of the following reactions * 310/^300 would be 


maximum? 



(a) A+B — 

->C; 

= 50kJ 

ib)X+Y- 

-4Z; 

=40kJ 

{c)P + Q- 

—> J 

=60kJ 

(dl^ + F — 

~^G; 

£4 = lOOkJ 


(b) 120 


(c)40 


[PET (Kerala) 2007] 
(d )200 


13. 


[Ans. (d)] 

[Hint: Increase in rate constant is maximum for the reaction 
having maximum activation energy.] 

The activation energy of exothermic re«:tion A -> B is 

80kJmor’. The heat of reaction is 200kJmor*. The 

activation energy for the reaction B - > A (in kj/mol) will 

be: 

(a) 80 
(e) 280 
[Ans. (e)] 

[Hint: Mi = Ej- - Ej, 

-200=m-Ei, 

4=280kJ/mol] 

Which equation is tme to calculate the energy of activation, if 
the rate of reaction is doubled by increasing temperature from 

[GET (Gujarat) 2008] 

7 j- > S’ r I 1 I 

(a) log, 


(b) logio 


2 fv i 

_ E, 

l.ll 


2.303 R 

Igt 


_ Ea 

' 1 r 


2.303 R 

J2 T,_ 


(c) login - = —— 
2 2.303 


(d) login 2 = 




2.303 R 

[Ans. (d) ] 

[Hint: We know, log 


J___l_ 

Ti 


[h 

E, 

' 1 r 


2.303 R 

Jx ~ T2_ 


When reaction rate becomes double then will be equal to 2. 


Then, log,n2 


E„ 


2.303 R 


Ip MOLECULARITY OF REACTION 

In general, molecularity of simple reactions is equal to the sum 
of the number of molecules of reactants Involved in the 
balanced stoichiopietric equation. 

OR 


The molecularity of a reaction is the number of reactant 
molecules taking part in a single step of the reaction. 


e.g.. 


PCI 5 -> PCI 3 + CI 2 (Unimolecular) 

2HI-> H 2 +12 (Bimolecular) 


2 SO 2 + Oj- > 2 SO 3 (Trimolecular) 

NO -I- O 3 -> NO 2 -I- O 2 (Bimolecular) 

2CO + Oj- > 2 CO 2 (Triiholecular) 

2 FeCl 3 + SnCl 2 ->SnCl 4 + 2FeCl 2 (Trimolecular) 

The minimum number of reacting particles (molecules, 
atoms or ions) that come together or collide in a rate 
determining step to form product or products is called the 
molecularity of a reaction. 

For example, decomposition of H 2 O 2 takes place in the 
following two steps: 


H 2 O 2 


-^H 20+-02 

2 


(overall reaction) 


Step 1: Hj O 2 -—* O + [O] (slow) 

Step 2 : [O] + [O]-> Oj (fast) 

The slowest step is rate-determining: Thus, from step 1, 
reaction appears to be unimolecular. 

Note: (i) Molecularity is a theoretical concept. 

(ii) Molecularity cannot be zero, -ve, fractional, mfinite and 
imaginary. 

(iii) Molecularity cannot be greater than three because more 
than three molecules may not mutually collide with each other. 

There are some chemical reactions whose molecularity 
appears to be more than three from stoichiometric equations, eg., 
in 


4HBr + O 2 -—> 2 H 2 O ■¥ 2Bt2 

2Mn04 +16H'" + 50204 -->2Mn^+ +IOCO 2 + 8 H 2 O 

In the first reaction, molecularity seems to be ‘5’ and in the 
second reaction molecularity seems to be ‘23’. Such reactions 
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involve tw^o or more steps; each step has its own molecularity not 
greater than three, e.g., 'm first reaction, 

HBr + O 2 -> HOOBr 

HOOBr + HBr->2HOBr 

[HOBr + HBr-> HjO T Brj ] x 2 

- ' 4HBr + O 2 -» 2 H 2 O + Br7 

Molecularity of each of the above steps is 2. 

(a) Reaction between Br" and H 2 O 2 in acidic 
medium: The overall reaction is: 

2Br- + H 2 O 2 + 2H ^^ Br 2 + 2 H 2 O 
The proposed mechanism is: 

Br- + H 2 O 2 + H -> HOBr + H 2 O (slow) 

HOBr + H ^ + Br--> Brj + HjO (fast) 

Rate = ic[Br-][H 202 ][H^] 

The reaction is trimolecular. 

(b) Reaction between NO 2 and Fj: The overall reaction is: 

2NO2 + F2-> 2NO2F 

The proposed mechanism is: 

NO 2 + F 2 -> NO 2 F + F (slow) 

NO 2 + F-NO 2 F (fast) 

Rate = A[N 02 ][F 2 ] 

The reaction is bimolecular. 

(c) Decomposition of H 2 O 2 : The overall reaction is: 

2 H 2 O 2 -> 2 H 20+02 

The proposed mechanism is; 

H 2 O 2 -> H 2 O + O (slow) 

H 2 O 2 + O-> H 2 O + O 2 (fast) 

Rate = k [H 2 O 2 ] 

The reaction is unimolecular. 

8.7 ORDER OF REACTION 

Let us consider a general reaction: 

m^A + JW 2 ^ + ^ 3 ^"-^ Product 

Let active moles of ‘A’, ‘B’ and ‘C’ he ‘a’, ‘P’ and ‘y’ 
respectively. Then, rate of reaction may be given as: 

Rate = M^]“[^f [Cf 

Sum of powers of concentration terms involved in rate law 
expression is caUed order of reaction. 

a + p + Y = order 
When a + P + y = »(] + W 2 + /M 3 , then 

Order of reaction = molecularity of reaction. 

Order is an experimentally determined quantity. It may be equal 
to zero, positive, negative, fractional and greater than three. 
Infinite and imaginary values are not possible. 

Examples: 

(i) 2 H 2 O 2 -^ 2 H 20 + 02 

-^ = *[H 202 f 

at 


Step 1: H 2 O 2 -^ H 2 O + [O] (slow) 

Step 2: [0] + [0]- >02 (fast) 

Actual rate -^ = A:[H 202 ] 

Thus, order of reaction is unity. 

(ii) 2 NO 2 + F 2 -> 2 NO 2 F 

Rate law from law of mass action: 

-4^ = *[N02f[F2] 

at 

Experimentally observed rate law: 

-^ = A[N02][F2] 
at 

Slowest step is NOj + F 2 -> NO 2 F + [F] 

Thus, order of reaction = 1+1 = 2 

(iii) CH 3 CHO-> CH 4 + CO 

The rate equation derived from experimental data is found to be 

-^ = A:[CH3CH0]‘-^ 

The order of reaction is 1.5. 

Some typical linear plots for the reactions of different 
orders: 

(a) Plots of rate vs concentrations [Rate = A:(conc.)"] 



[AY 


3rd order 


(b) Plots from integrated rate equations: 



From the study of the kinetics of many simple reactions, it is 
observed that for a large number of reactions, the molecularity 
and order are the same. Some examples are given below to justify 
this point. 

1. Dissociation of N 2 O 5 , 


N 2 O 5 


>N 204 +- 0 . 


Order = 1, Molecularity = 1 
2. Dissociation of H 2 O 2 , 

H 2 O 2 ->H20+i02 


Order = 1, Molecularity = 1 


(observed from law of mass action) 
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3. Dissociation of HI, 

2HI->H 2 +l 2 

Order = 2, Molecularity = 2 

4. Formation of NO 2 , 

2 NO + O 2 ->' 2 N 02 

Order = 3, Molecularity = 3 

8.8 PSEUDO-ORDER REACTION 

Reactions whose actual order is ditferent from that expected 
using rate law expression are called pseudo-order reactions, 
e.g., 

(i) RCl + HjO-> ROH + HCl 

Expected rate law; 

Rate = k [RCl] [HjO] Expected order = 1+1 = 2 

Actual rate law: 

Rate = k' [RCl]; Actual order = 1 

Water is taken in excess; therefore, its concentration may be 
taken constant. The reaction is, therefore, pseudo first order. 
Similarly, the acid catalysed hydrolysis of ester, viz., 

RCOOR' + H 2 O RCOOH + R 'OH 

follow first order kinetics: 

Rate = it [RCOOR'] 

It is also a pseudo first order reaction. 

The main differences between molecularity and order of 
reaction are given below; 

Molecularity 

1. It is the total number of reacting 
species (molecules, atoms or 
ions) which bring the cheinical 
change. 

2 . It is always a whole number. 

3. It is a theoretical concept. 

4. It is meaningful only for simple 
reactions or individual steps of a 
complex reaction. It is meaning¬ 
less for overall complex reaction. 

Example 13. The experimental data for the reaction, 


is as follows: 

2.4 + R 2 - 

—>2AB 


Expt. No, 

lA] 

(molC^) 

w 

(molL-^) 

Rate 

(nwlU^ s-‘) 

1 . 

0.50 

0,50 

1 . 6 x 10 ^ 

2 . 

0.50, 

1.00 

3.2x10"* 

3. 

1.00 

1.00 

3.2x10"* 


Write the most probable equation for the rate of reaction 
giving reason for your answer. . u t t wi n 


Order of reactioii 

It is the sum of powers of molar 
concentrations of the reacting 
species in the rate equation of 
the reaction. 

It may be a whole number, zero, 
fractional, positive or negative. 

It is experimentally determined. 

It is meant for the reaction and 
not for its individual steps. 


Solution: From an examination of above data, it is clear that 
.when the concentration of 82 is doubled, the rate is doubled. 
Hence, the order of reaction with respect to Bj is one. 

Further, when concentration of A is doubled, the rate remains 
unaltered. So, order of reaction with respect to A is zero. 

The probable rate law for the reaction will be 

-^ = k[B2]{Af=k{B2] 

at 

Alternatively, Rate = ^[Rj I”' 

1.6x10“^ =*[0.5]“ 

3.2x10-^ =*[!]“ 

On dividing we get, a = 1 

Rate = *[.4]“[R2]* =^^ 2 ] 

14. For the reaction, 

A + 2B ->2C 


the following data were obtained: 


Expt. 

Imtial concentraEons 

Initial reaction rates 

No. 

lA] 

m 

(mof muT^} 

1. 

1.0 

1.0 

0.15 

2. 

2.0 

1.0 

0.30 

3. 

3.0 

1.0 

0.45 

4. 

1.0 

2.0 

0.15 

5. 

1.0 

3.0 

or. 15 


Write down the rate law for the reaction. 
Solution: Let the rate law be 


-^=k[AnBr 

dt 

By keeping the concentration of B constant in experiments (1), 
(2) and (3) and increasing the concentration uniformly, the rate 
also increases uniformly. Thus, 

Rate«[ 2 l], i.e., x=l 

By keeping the concentration of A constant in experiments 
(1), (4) and (5).and increasing the concentration of B, the rate 
remains the same. 

Hence, y = 0 

dx 

The rate law is -= klA} 

dt 

Alternative method: 

Fromexpt.(l), *[1.0f [1,0]^ = 0.15 ' ... (i) 

From expt. (2), *[2.0f [1.0]^ = 0.30 ... (ii) 

Dividing eq. (ii) by eq. (i), 

[2.0]^^ _ 0.30 ^ ^ 

[l.Of 0.15 

So, X = 1 

From expt. (1), A[1.0f [1.0]^ = 0.15 ... (i) 
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From expt. (4), /t[l.0]*[2.0]^ =0.15 ... (iii) 

Dividing eq. (iii) by eq. (i), 

[ 1 . 0 ]-^ 

So, y = 0 

Hence, the rate law is - — = A:[^ ] 

., - dt 

Example 15. For the reaction, 

■ ■ 2NO + a2 - >2NOCl 


at 300K, following data are obtained: 



tttilial Concentration 

Initial rate 

Expt No. 

INOl 

im . 

1 . 

0.010 

0.010 

12x10-* 

2 . 

0.010 

0.020 

2.4 X lO''* 

3. 

0.020 

0.020 

9.6 xlO""* 


Write rate law for the reaction. What is the order of the 
reaction? Also calculate the specific rate constant. 

Solution: Let the rate law for the reaction be 
Rate = it[NO]*[Cl2]^ 

From expt. (1), 1.2x lO"^ = it[0.010f [0.010]>' ... (i) 

From expt. (2), 2.4 x 10“'^ = ifc[0.010]* [0.020]^ ... (ii) 

Dividing eq. (ii) by eq. (i), 

2.4 X 10~^ _ [0.020]J' 

1.2x10'"* [O.OlOf 
or ' 2 = (2)^ 

Front expt. (2), 2.4 x lO''^ = /t[0.010f [0.020]^ ... (ii) 

From expt. (3), 9.6 x 10“^ = ft[0.020]* [0.020]^' ... (iii) 

Dividing eq. (iii) by eq. (ii), 

9.6 xlO""* _ [0.020f 
2.4 X 10^ [0.010]* 

or 4=2* 

x= 2 

Order of reaction = x+ y = 2+ l= 3 
Rate law for the reaction is 

Rate = MNO]^[Cl2] 

Considering eq. (i) again, 

1 .2x10^ =/t[0.010]^ [0.010] 


, 1.2X10^ ,-2t2 -1 

k = -— = 1.2x10^ mol L s ‘ 

[ 0 . 010 ]^ 

Example 16. For the hypothetical reaction 
2A+ B Products 

the following data are obtained: _ 


Expt No. 

Initial cone, of 

(A) 

(molL~^) 

Initial com. of 

(B) 

imoir^) 

Initial rate 

mol 17* s"‘ 

1 . 

■ 0.10 

0.20 

3x10^ 

2 , 

0.30 

0.40 

3.6 x 10^ 

3; 

0.30 

0.80 

1.44 X 10'* 

4. 

0.10 

0.40 


5. 

0.20 

0.60 

... 

•6. 

0.30 • 

1.20 



Find out how the rate of the reaction depends upon the 
concentration of A andB and fill in the blanks. 

Solution:. From expt. (2) and (3), it is clear that when 
concentration of A is kept constant and that of B is doubled, the 
rate increases four times. This shows that the reaction is of 
second order with respect to B. 

Similarly, from expt. (1) and (2), it is observed that when 
concentration of A is increased three times and that of B two 
times, the rate becomes twelve times. Hence, the reaction is first 
order with respect to A. 

Thus, the rate law for the reaction is: 

Rate = it[J][5f 

Fill in the blanks: Substituting the values of expt. (1) in the 
rate equation, 

3x10^ =*[0.10][0.20f 

or k = - 5 ^ jq 4 j 2 g -1 

[ 0 . 10 ][ 0 . 20 ]^ 

Expt. (4): Rate = A:[0.10][0.40]^ 

= 7.5x 10'* X 0.10x0.40x0.40 
= 1 . 2 x 10 ^ molL-' s^‘ 

Expt. (5): Rate = /t[0.20][0.60]^ 

,= 7.5 X 10'* X 0;20 X 0.60 x 0.60 
= 5.4 X 10^ mol L~‘ s“* 

Expt. ( 6 ): Rate = M0.30][1.20]^ 

= 7.5x10'* X 0.30x 1.20x 1.20 
= 3.24x10'* mol s-* 

Example 17. The table given below gives kinetic data for 
the following reaction at 298 K: 


ocr +1- ^01- +cr 
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Expt 

No. 

[ocn 

moldm^ 

[r] 

moldin'^ 

[tMT] 
mol dm~^ 

10"“ X diion/dt 

mol 

1. 

0.0017 

0.0017 

1.0 

1.75 

2. 

0.0034 

0.0017 

1.0 

3.50 

3. 

0,0017 

0.0034 

1.0 

3.50 

4. 

0.0017 

0.0017 

0.5 

3.50 


What is the rate law and what is the value of rate constant? 
Solution; Let the rate law be = A:[OCr f [I“ Y [OH“ Y 
Fromexpt.(1), 1.75x10"* = /t[0.0017]^[0.0017]^[1.0]’’ ...(i) 
Fromexpt. (2), 3.50x 10"* = it[0.0034]*[0.0017]^[1.0]*...(ii) 

Dividing eq. (ii) by eq. (i), 

3.50x10"* _ [0.0034f 
1.75x10"* ~ [0.0017]^ 
or 2 = 2^ 

or X = 1, i. e., first order w. r. t. OCl" 

Fromexpt.(l),1.75xl0"* =M0.0017]*[0.0017]^[1.0]^ ...(i) 
Fromexpt. (3), 

3.50X 10"* =/t[0.0017]*[0.0034]>'[1.0]"...(iii) 
Dividing eq, (iii) by eq. (i), 

3.50 X 10'‘* _ [0.0034]^' 

1.75x10"* [0.0017]^ 

or 2=2' 


or >< = 1, i.e, first order w.r.t.I 

Fromexpt. (l),1.75x 10"* = M0.0017]^[0.0017]'[1.0]" ...(i) 
From expt. (4), 

3.50 X 10"* =/5:[0.0017]^ [0.0017]' [0.5]" ...(iv) 

Dividing eq. (i) by eq. (iv), 

1.75x10"* [1.0]" 

3.50x10-^ ”[0.5]" 

1 

or - = 2 

2 

or 2“' = 2" 


z = -l,j.e.,orderw.r.t.Oir is-1. 


From expt, (1) 


Rate law = 


A:[OCr][r] 


[OH-] 
1.75 X IQ-*[OH ] 

[oa-][r] 


1.75x10"* xl.O 
0.0017 X 0.0017 


= 60.55 s'* 


Example 18. The rate law for the reaction, 

‘2CI2O ->20/3+02 

at 200°C is found to be: rate = k\Cl 20 f '. 

(a) How would the rate change if [C/ 2 O] is reduced to 
one-third of its original value? 

(b) How should the [O 2 O] be changed in order to double the 
rate? 

(c) How would the rate change ;/[C/20] is raised to threefold 
of its original value? 

Solution: (a) Rate equation for the reaction, 
r=/:[Cl20,]^ 


Let the new rate be /; so, / = k 


CI2O 

3 


1 

- r 
9 


(b) In order to have the rate = 2r, let the concentration of 
CljObex 

So, 2r=kx^ ... (i) 

We know that, r = ^[CljO]^ ... (ii) 

Dividing eq. (i) by eq. (ii), 

2r_ kx^ 
r A:[Cl 20 ]^ 


or 


[CI2O]" 


or = 2 [a 20 f 

or x = V 2 [Cl 20 ] 


(c) New rate = ^BCljO]^ = 9MCl20]^ = 9r 


I. e., nine times of the original rate. 

''Example 19. For a reaction in which A and B form C, the 
following data were obtained from three experiments: 


E}0L 

- 

loUM eoMc; fiMu/ 

InithilrM 

No. 

Ml 

[«] 


1. 

0.03 

0.03 

0.3 X 10"* 

2 . 

0.06 

0.06 

1 .2xl0f 

3. 

0.06 

0.09 

f 

2.7x10"* 


What is the rate equation of the reaction and what is the value of 
rate constant? 

Solution: Let the rate equation be k{AY [R]'. 

From expt. (1), 0.3 x lO"* = jt[0.03]"[0.03]' ... (i) 

From expt. (2), 1.2 x 10"* = A:[0.06f [0.06]' ... (ii) 

1 .2x10"* _ [0,06]" [0.06]' 

0.3x10"* [0.03f [0.03]' 


... (iii) 




= 2" x2' =4 




534 


G.R.B. Physical Chemistry For Competitions 


Similarly, from expt. (1) and expt. (3), 

2^x3^ =9 

Solving eqs. (iii) and (iv), 

x=0,y=2 

Rate equation, Rate = 

Considering eq. (i) again, 

k = = 3.33 X 10“^ mor‘ L s“' 

[0.03]^ 


... (iv) 



14. For the decomposition of HI at 1000 K (2HI-» Hj +I 2 ), 

the following data were obtained: 

nm u Rate of decomposition 

ofHI(molL-‘s-‘) - 


0.1 

2.75x10“* 


0.2 

11x10“* 


0.3 

24.75x10“* 


The order of reaction is: 


(a)l 

[Ans. (b)] 

(b)2 (c)0 . (d)1.5 


[Hint: 

Rate = k [HI]" 



11x10“* =k[ 0 . 2 ]” 

...(i) 


2.75 X lt)‘*' = /t[0.1]" 

•••(ii) 


Dividing eq. (i) by eq. (ii), 

4 = 2", « = 2] 

15. Consider a reaction, A - > 5 + C. If the initial concentration 

of A was reduced from 2 Af to 1 Af in 1 hour and from 1 Af to 
0.25 Af in 2 hours, the order of the reaction is: 

,(a)l (b)0 (c)2 (d)3 

[Ans. (a)] 

[Hint: Half life of the given reaction is independent of initial 
concentration, hence, it is a first order reaction. 


16. The rate of a gaseous reaction is given by the expression 
k[A'^\B'^. The volume of the reaction vessel is suddenly 
reduced to one half of the initial volume. The reaction rate 
relative to the original rate will be: 

(a) 1/24 (b) 1/32 (c) 32 (d) 24 

[Ans. (c)] 

[Hint: Rate =/t [^]^[fl]^ ... (i) 

When volume is halved, the concentration will become double. 
Rate=/t[2^]^[2S]^ 

= 32/t [A]\B]^ 

= 32 X Original rate from (i)] 

17. For a chemical reaction, A -> B, the rate of reaction 

increases by a factor of 1.837 when the concentration of A is 


increased by 1.5 times. The order of reaction with respect to A 
is: 

(a)l (b)1.5 (c)2 (d)-l 

[Ans. (b)] 

[Hint: Rate = /t[^]" ... (i) 

1.837 xRate=/t [1.5^]" ... (ii) 

Dividing eq. (ii) by eq. (i), 

1.837 = 1.5” 

n = 3/2 (solving by logarithmic method)] 

18. The rate of the reaction, 

3.4 + 2B-> Products 

is given by the rate expression: 

Rate = A^[.4][5]^ 

If A is taken in excess, the order of the reaction would be: 
(a)3 (b)2 (c)l (d)5 

[Ans. (b)] 

[Hint: When A is taken in excess, its concentration will become 
constant; the rate law may, therefore, be given as: 

Rate = k'[Bf Order = 2] 

19 . For a reaction A + B -> C + D, if the concentration of A is 

doubled without altering the concentration of B, the rate gets 
doubled. If the. concentration of B is increased by nine times 
without altering the concentration of A, the rate gets tripled. 
The order of the reaction is: (KCET 2006) 

(a) 2 (b) 1 (c) 3/2 (d) 4/3 

[Ans. (c)] 


Rate = /t[.4]“[B]P 

...(i) 

2xrate=/t[2.4]“[B]P 

...(ii) 

3xrate = /t[.4]“[9Bf 

...(iii) 


From eqs. (i) and (ii), a = 1 

From eqs. (i) and (iii), P = 1 / 2 

Order = a + P = l + -= -] 

2 2 

20. Inversion of cane sugar in dilute acid is: [GET (J&K) 2007] 

(a) bimolecular reaction 

(b) pseudo-unimolecular reaction 

(c) unimolecular reaction 

(d) trimolecular reaction 
[Ans. (b)] 

[Hint: C12H22O11 + H2O > C5H|20g + C5H12O5 
Rate = k [C, 2 H 220 ,i ][H 20 ] 

When water is in excess, its concentration will be constant. 

Rate = k' [C12H22O, I ] 

The reaction is, therefore, pseudo first order or pseudo 
unimolecular reaction.] 

21. The bromination of acetone that occurs in acid solution is 
represented by 

CH 3 COCH 3 {aq.)+ Brj {aq. ) - > CH 3 COCH 2 Br {aq. ) 

+ H^ {aq. ) + Br” {aq .) 

These kinetic data were obtained for given reaction 
concentrations: 
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Initial concentrations (M) 

Initial rate of 
disappearance of 

' Bfj.Ms"* 1 

[CH^OCHj] 

IBrzl 

IH^l 

0.30 

0.05 

0.05 

5.7x10”* 

0.30 

0.10 

0.05 

5.7x10”* 

0.30 

0.10 

0.10 

1.2x10“' 

0.40 

0.05 

0.20 

3.1 xlO”'* 


[CBSE (PMT) 2008 ] 

Based on these data, rate equation is : 

(a) Rate = k [CH3COCH3] [Br2] [iT ]” 

(b) Rate = A: [CH3COCH3 ] [Brj ] [H''] 

(c) Rate = k [CH3COCH3 ] [it ] 

(d) Rate = k [CH3COCH3 ] [Brj ] 

[Ans. (c)] 

[Hint: Rate = /tlCHjCOCHj]” [Brj]^ [H* 

]^ 

5.7xl0”*=A[0.30]“[0.05f [0.05f 

...(i) 

5.7x10”*= A[0.30]“[0.10f [O.OSf 

...(ii) 

l.2xl0”'‘ = A:[0.30]“[0.10f [0.10]'' 

...(hi) 

3.1x10”“ = A[0.40]“ [0.05f [0.20]’' 

...(iv) 


Dividing eq. (i) by eq. (ii), 
1 


1 = 


, i.&, P = 0 


Dividing eq. (ii) by eq. (iii), 


, i-e., Y = 1 


Dividing eq. (i) by eq. (iv), 
5.7 X 10' 


i-S 


3.1 X 10” 


a-1 


Thus, rate law will be 

rate = *[CH3COCH3]' [H^ ]'] 
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I2->21 (fast) ... (i) 

H2+I-.Hjl (fast) ...(ii) 

H2I +1-> 2HI (slow) ... (iii) 

Overall reaction: H2 +12-> 2HI 

2. The reaction of NO and Br2 is known to be of second 
order in NO and first order in Br2. 

2NO+Br2->2NOBr‘ 

Rate = ^[NOf [Br2] 

The likelihood of three molecules (2 molecules of NO and 1 
molecule of Br2) colliding simultaneously is far less than the 
likelihood that two molecules will collide. 

The mechanism is believed to be as under: 

NO+Br2-^NOBr2 (fast) ... (i) 

NOBr2 + NO 2NOBr (slow) ... (ii) 


Overall reaction: 2NO + Br2 .-.) 2NOBr 

The rate determining step involves 1 molecule of NO and 1 
molecule of NOBr2. Thus, the expected rate expression should be. 
Rate = k"[NOBr2][NO] 

However, NOBrj is a reaction intermediate and its 
concentration at the beginning of second step cannot be directly 
measured. 

Concentration of NOBr2 will be equal to 
[NOBr2] = k'[NO][Br2] 

If this is substituted in the above equation, we get 
Rate = A:'A:"[NO]^[Br2] 

= jt[NO]^[Br2] 

3. Depletion of ozone takes place in the following steps: 

Overall reaction: 

2O3->302 

Stepl: 03^=^02+[0] (fast) 

(Equilibrium constant ) 


8.9 REACTION MECHANISM 

Knowledge about involved steps in a reaction, and to determine 
which step is slowest or rate determining, is called mechanism. 

The intelligent guess depending on the observed rates of 
reactions about the series of steps (known as elementary 
processes) leading to the formation of products is called the 
reaction mechanism. 

For illustration a few examples of reaction mechanisms are 
given below: 

1. The reaction between Hj and 12 to form hydrogen iodide 
was originally postulated as a simple one step reaction. 

H2+l2=2ffl 

Rate = MH2;i[l2] 

But, the formation of HI has been explained on the basis of the 
following mechanism: 


k 

step 2 : 03+[0]->202 


(slow) 


Rate = /t[03][0] 




Nascent oxygen [O] is not present in overall reaction; thus it 
should be eliminated. 



[O3] [O2] 


From eqs. (i) and (ii), 

Rate = Jt[03] - 

[O2] 

= k K^ [ 03 f[ 02 r' 


... (ii) 


=j:[03f[02r' 
K = kxK^ 

Order = 2-1 = 1 
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REACTIONS OF VARIOUS ORDERS 


(i) Zero order reactions 

A reaction is said to be of zero order if its rate is independent 
of the concentration of the reactants, i. e., the rate is proportional 
to the zeroth power of the concentration of the reactants. 

For the reaction 

A -> Products 

to be of zero order; 

-^ = k[Af=k 

'■ dt 

Some photochemical reactions and a few heterogeneous 
reactions are zero order reactions. Such reactions are not 
common. 

Examples: 

1. Photochemical reaction between hydrogen and chlorine: 

Av 

H2(g) + Cl2(g)-^2HCl(g) , * 

This photochemical reaction is zero order reaction. The 
reaction is studied by placing H 2 and Cl 2 gases over water. The 
rate of reaction is studied by noting the rate at which water rises 
in the vessel due to dissolution of HCl formed. The rate of rise of 
water is the same as the rate of disappearance of H 2 and Cl 2 , i. a, 
the concentration of the gases per unit volume in the gaseous 
phase will not change with time, although the quantities will 
change. 

2. Decomposition of N 2 O on hot platinum surface: 

N,0- ’ 


or 


N 2 + — O 2 

Rate«[N20f =it[N20]" =A: 
4N20] _^, 
dt 


3. Decomposition of NH 3 in presence of molybdenum or 
tungsten is a zero order reaction. 

[Mo] 

2 NH 3 > N 2 + 3 H 2 

The surface of the catalyst is almost completely covered by 
NH 3 molecules. The adsorption of gas on the surface cannot 
change by increasing the pressure or concentration of NHj. Thus, 
the concentration of gas phase remains constant although the 
product ds formed. Therefore, this reaction shows zero order 
kinetics. 

Other examples of zero order are: 

4. Decomposition of HI on the gold surface. 

5. lodation of acetone in presence of H ions, 

CH3COCH3 +I2 ^^ICH2C0CH3 +HI 

The rate equation of this reaction does not include P 2 ] 
factor, i.e, 

- —= ifc[CH3COCH3][HM 
dt 

Characteristics of zero order reaction 

(a) The concentration of reactant decreases linearly with time. 
{Al=[A\-kt 


(b) The time required for the reaction to be complete, i. e., 
time at which [A ] is zero. 

_ [^]o _ Initial concentration 
^Completion ] ^ ~ 7 

. X Rate constant 

(c) The units of k are mol L“‘ time"'. 

(ii) First order reactions 

A reaction is said to be of first order if its rate is determined by 
the change of one concentration term only. 

Consider the reaction, 

A - > Products 

Let a be the concentration of yf at the start and after time t, the 
concentration becomes {a-x),i.e.,x has been changed into 
products. The rate of reaction after time ‘t’ is given by the 
expression 

^ = k(a-x) 

dt . 


or 


dir-V . •-.T,- 

■‘■^kdt 


(a-x) 

upon integration of above equation, 

r -J^=kidt 

■' ia-x) J 

or -log^ (a -x) = ^ + c 

where c is integration constant. 

Whent = 0, x = 0, 

c = -iog^a 
Putting the value of ‘ c’, 

-loge (a-x) = fe-log^ a 
or log^ a-log^ (a-x) = fo 

a 


or 


or 


log. 


(a-x) 


■■ kt 


, 2.303, a 

k = -logjo 


(a-x) 

This is known Is the kinetic equation for a reaction of the first 
order. The following two important conclusions are dravra from 
this equation: 

(a) A change in concentration unit will not change the 
numericai value of k. Let the new unit be n times the first one. 

So, 


or 


2.303 

login 

na 

rC ““ 

t 

n(a - x) 

, 2.303 

It' — 

login 

a 

/v 

t 

(a-x) 


Thus, for first order reactions, any quantity which is 
proportional to concentration can be used in place of 
concentration for evaluation of‘A:’. 

(b) The time taken for the compleflon of same fraction of 
change u independent of initial concentration. For example, 
for half change, 

X = 0.5a and t = ty2 

_ , 2.303, a 2.303, 

So, k = -= --log,o2 


t] 


1/2 


0.5a 


* 1/2 
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0.693 

^ 1/2 

0.693 


Thus, 1^12 is independent of initial concentration ‘ a’. 

This time‘t’ in which the initial concentration becomes half is 
termed as half life period. Half life period of a first order 
reaction is independent of the initial concentration of the reactant. 

Since, the velocity constant is independent of concentration 
and depends inversely on the time, the unit of k will be time“’, 

i. e., sec“’ or min or hour-’. The equation of the first Order can 
also be written in the following form when initial concentration is 
not known: 


k = 


2.303 

if 2 ~ h) 


logic 


(a-x,) 

(a-X 2 ) 


(a - X,) is the concentration after time and (a-X 2 ) the 
concentration after time (2 when (2 >(i- 

When the log of the concentration of the reactant at various 
intervals of time is plotted against the time intervals, a straight 
line is obtained (Fig. 8.13). The slope of this line gives the value 
2.303/i, fi-om whichcan be evaluated. 



Fig. 8.13 

Examples of first order reactions 

1. Decomposition of H 2 O 2 in aqueous solution. 

H 2 O 2 -+ 

2. Hydrolysis of methyl acetate in presence of mineral acids. 

Acid 

CH 3 COOCH 3 + H 2 O-> CH 3 COOH + CH 3 OH 

3. Inversion of cane sugar in presence of mineral acids. 

Acid 

C12H22O11 + H2O->C 4 H] 20 g +CgHj 20 g 

4. Decomposition of ammonium nitrite in aqueous solution. 

NH4NO2-> N2 + 2H2O 

5. Hydrolysis of diazo derivatives. 

C6H5N=NC1 + H20-^CgHjOH+Nj +HC1 

Note: In case of gases, pressure can be used in place of concentration. 


First order growth kinetics 

It is used for population growth and bacteria multiplication, 

e-g-, ... .. . 1 

Time Population 

0 a 

dt ia + x) 

Growth rate is directly proportional to present population. 

dx , , 

— « (u + x) 
dt 


dx 


■■ k{a + x) 
kdt 




(a + x) 

It is a differential equation of first order and first degree in 
variable separable form. It may be solved on integration, 
r dx 


k^ dt 


+ c 


Here 

At 


1 = 0 , 


•' (a + x) 

logg (a + x)= At + c 
c = integration constant 
x = 0 

logga = A:xO + c 
c = logg a 

Substituting the value of ‘ c’ in eq. (ii), we get 
loge (a + x) = At + logj a 
a 


...(ii) 


...(iii) 


Ai = -log, 


(a + x) 


2.303 


HO 


a + x 


This is the kinetics for first order growth kinetics. 

Note: (1) If volumes of reagents are given in volumetric analysis 
then we use the following equation to determine rate constant: 

where, Vq = volume used at zero time, 

Vf = volume used at time ‘ f , 

= volume used at infinite time 
Case I: When Fj is not given, we use 


2.303 

t 


logii 


■V, 


Case II: 


When is not given, then 


2.303 

t 


'ogio 




(2) If information is given in terms of angle of rotation of 
optically active compounds, measured by polarimeter with 
respect to time, then 


2.303 

t 


logio 



where, 15 = angle of rotation at zero time, 
r, = angle of rotation at time ‘ , 

= angle of rotation at infinite time 
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Case I: If is not given, then 

, 2.303, 

* = —lo&o 


Case II: If r„ is not given, then 

, 2.303, 

*=—— logio 


(3) If pressure is given in gaseous reactions, then we use the 
following kinetic equation: 


, 2.303, 

k = -- logio 


Po 


Po-x 


where, Po = pressure of reactant at initial stage, 
iPo~x)= pressure of such a reactant at ‘ t' time. 

Values of ‘po’ and ‘jc’ can be calculated using the following 
examples: 

A(g) ->S(g) + C(g)+D(g) 

Atf = 0 Po 0 0 0 

Pressure after time (Pq-x) x x x 
Pressure after a long 0 Po Po Po 

time or infinite time ' 

Case I: If total pressure of reaction mixture is given in place of 
pressure of reactant, then 

P( = CPo - ^ + ^ + ^ + ^) 
where, p, = pressure of vessel at time ‘ t ’. 

Case II: If pressure of vessel after a long time or infinite time is 
given, then 

A. = A + Po + A 


(iii) Second order reactions 

A reaction is said to be of second order if its reaction rate is 
determined by th^ variation of two concentration terms. 

The kinetics ofitecond order reactions are given as follows: 

(a) When concentrations of both reactants are equal or two 
molecules of the same reactant are involved in the change, i. e ., 

A + B -> Products 

or 2A - i Products 

dx ,, .2 

— = k{a-x) , 
dt 

On solving this equation, 

, 1 X 

k = -■ 

t a(a - jc) 


where, a = initial concentration of the reactant or reactants and 
X = concentration of the reactant changed in time t. 

(b) When the initial concentrations of the two reactants are 
different, i.e., 

A + B - i Products 


Initial cone. 


a b 

~ = k{a-x){b-x) 
dt 


2,303 

t{a-b) 


lOgiO 


b(a - x) 
a(b - x) 


(a - jc) and {b -x)sae the concentrations of A and B after time 
interval, t. 


Characteristics of the second order reactions 

(i) The value of k (velocity constant) depends on the unit of 
concenttaTion. The unit bfl: is expessed as (mol/litre) ' time~’ 
or litre mol"' time"'. 


(ii) Half life period (t ,/2 ) = 7 — 

k ax 0.5a ka 

Thus, half life is inversely proportional to initial concentration. 

(iii) Second order reaction conforms to the first order when 
one of the reactants is present in large excess. 

„, . , 2.303 , b{a -x) .. , . 

Taking, k = -log jq -, if a »> b then 

t(a~b) a(b-x) 


Hence, 

or 


(a - x) = fl and (a - />) = a 

, 2.303, ba 

* = —-logio^T-: 

ta a{b-x) 


ka = k' = 


2.303 

t 


logio 


b 

(b-x) 


(since, ‘a’ being very large, may be treated as constant after the 
change). Thus, the reaction follows first ordCT kinetics with 
respect to the reactant taken relatively in small amount. 


Examples of second order reactions 

1. Hydrolysis of ester by an alkali (saponification). 

CH 3 COOC 2 H 5 + NaOH-> CHjCOONa + C 2 H 5 OH 

2. The decomposition of NOj into NO and O 2 . 

2 NO 2 ->2N0+02 

3. Conversion of ozone into oxygen at 100°C. 

2O3->302 

4. Thermal decomposition of chlorine monoxide. 

2CI2O-> 2 Cl 2 +O2 

<iv) Third order reactions 

A reaction is said to be of third order if its rate is determined 
by the variation of three concentration terms. 

When the concentration of all the three reactants is same or 
three molecules of the same reactant are involved, the rate 
expression is given as: 

3A -> Products 

A + B + C -> Producte 

On solving this equation, 

^^_1 xi2a-x) 
t 2a^(a~xf 


Characteristics of third order reactions 

1. Half life period 

= 1 0 5a(2a - 0.5a) _ 1 O.Saxl.Sa 
k 2a^(0.5af k 2a^ x 0.5a x 0.5a 
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2a^k 


Thus, half life is inversely proportional to the square of initial 
concentration. 

2. The change in the unit of concentration changes the 
numerical value of k. 

3. The imit of k is expressed as (mol/litre) time~' or 
litre^ mor^ time^’. 

Examples of third order reactions 

1. Reaction between nitric oxide and oxygen. 


Let after a definite interval x mol/litre of B and y mol/litre of C 
are formed. 

T h 
dmid{C]_^ 
k-, 


i.e.. 


dt 


dt 


Variation of concentration A, B and C with time may be 
graphically represented as. 


2NO + 0, 


->2NO, 


^2 - 7 

2. Reaction between nitric oxide and chlorine. 


Cone. 


2NO+CL 


->2NOCl 


3. Reduction of FeCl 3 by SnCl 2 . 
2FeCl3 +SnCl2 



^ SnCl4 + 2Fea2 


Fig. 8.14 


Expressions for rate constant for reactions of different 
orders: 

Reaction Order Rato law eqn. Expreulon for rate const. 

.4Products 0 Rate = fc ^ =| [[^lo ~['t]] 


Examples: 


OH 


OH 


A —» Products 1 Rate =klA] 

2.4Products 2 Rate = fc[.4]^ k 
2 Rate=Jfc[>t][S]fc 


lA] 


(i) 


NO, 


HNO 3 


OH 


(Main) 






^ 1 

0 




(Side) 


A + B ^ 
Products 


2.303 


log 




3.4 ^Products 3 Rate=/:[.4]^ 


KM]o-[5]o) 


NO, 


■lAf [A]l 


(ii) 






Cl a 






+ HCl (Main) 


-4 QH^Clg (Side) 


Parallel or Competing reaction 

The reaction in which a substance reacts or decomposes in 
more than one way are called parallel or side reactions. 



= fractional yield of 5 x 
jfcj = fractional yield ofC x k^ 


Consecutive reaction 

This reaction is defined as that reaction which proceeds from 
reactants to final products through one or more intermediate 
stages. The overall reaction is a result of several successive or 
consecutive steps. 

A - > B -> C and so on 

Examples: (i) Decomposition of ethylene oxide: 

t, 

(CH2)2 0 -> CH3CH0 


If k, » ^2 then, 


A - > B main and 

A - »C is side reaction 


CH 3 CHO- 

(ii) The pyrolysis of acetone: 


CO + CH. 


(CH3)2C0->CH 4 +CH2=C=0 

K«ene 
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CH, = C = 0-+CO 

2 2 



Fig. 8.15 

Variation of concentration of various substances during the 
progress of reaction {A-~^B -^C) 

*1 *2 
A - > B -»C 


Let initially (t = 0), [S] = 0 and <^2 then maximum 
concentration of [5] may be calculated as, 


[^Imax 


= U]o 


h. 

_^2 


* 2 /*| -*2 


where, [y4]o = initial concentration of A 

Time in which B attains maximum concentration may be given 
as. 


2.303 


log 


a" 


J 


Ir -Ir 

Concentration of [S] after time ‘t ’ may be calculated as. 




[^]o 


[e 


-kft 


~k2t 


Activation energy diagram of a composite reaction involves 
more than one peaks and number of peaks indicate the number of 
different types of activated complexes involved. The number of 
valleys in the activation energy diagram indicates the number of 
different types of reactive intermediates involved. 


t 

Energy 



Fig. 8.16 Activation energy diagram 
of a two steps composite reaction 

Energy Diagram of two Steps Reaction 

Let us consider a reaction of the type: 

A .. (Exothermic) 

These are two possibilities in this reaction 


First possibility: 

Step 1 A -> A* - > B 

Step! B - >B* - >C 


\ 

Potential 

Energy 


Reaction coordinate —► 

Fig. 8.17 

Activation energy of step 1 is greater than that of step 2 thus 
step 1 will be slow and rate determining. 

Second possibility: 


Potential 

Energy 


Reaction coordinate —► 

Fig. 8.18 

Activation energy of step 2 is greater than that of step 1 hence 
step 2 will be slow and rate determining 

Reversible Reactions 

The reactions in which the products of chemical change react 
together to form the original reactants, are called reversible 
reactions. These are also called opposing or counter reactions. 

Let us consider a reversible reaction in which both forward 
and backward reactions are of first order. 

Initial state (t = 0) a 

Cone, at time (/ ) a-x 

Equilibrium cone. (a-Xg) 

, , 2.303, 

*1 +*2 = —log,, 

mi METHODS FOR DETERMINATION OF 
ORDER OF A REACTION 

The important methods used are the following; 




A* 
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1. Method of integration (Hit and trial method) 

The most simple method is the one in which the quantities 
a, jcand t are determined and substituted in the kinetic equations 
of various orders. The equation which gives the most constant 
value for the specific rate constant {k) for a series of time 
intervals is the one corresponding to the order of reaction. If all 
the reactants are at the same molar concentrations, the kinetic 
equations are; 

k = log 10 -r ——: > for fost order reactions; 


{a-x) 


k = - 


1 


k = - 


2t 


_ _1 

(a — jc) a 

1 


for second order reafctions; 


, for third order reactions. 


2. Graphical method 

A graphical method based on the respective rate laws can also 
be used. 

If the plot of log (a - x) versus ‘ t ’ is a straight line, the 
reaction follows first order. 

1 


If the plot of - 

Hows second o 
If the plot of - 


(a-x) 

follows second order. 

1 


versus ‘ f ’ is a straight line, the reaction 

verst4s ‘ ’ is a straight line, the reaction 


1 


{a-xy 


n-l 


{a-xy 

follows third order. 

In general, for a reaction of nth Order, a graph of 

versus ‘f ’ must be a straight line. 

3. Half life method 

A general expression for the half life, (tj/ 2 ), is given by 

a 

where, *«’ is the order of the reaction. 

Starting with two different initial concentrations a; and 02 for 
the same reaction, the half lives are {ty 2 )i and (r ,;2 )z 
respectively are determined. As we know that. 



. ^ 1 

(1V2 )l „_i 

“1 

... (i) 

and 

{ty 2 )2 ^ _1 

...(ii) 


Dividing eq. (i) by eq. (ii), 

(%)i 

ih/2 h 




n -1 


...(iii) 


Taking logarithms on both sides, 

fog 10 i^vi )i “ fog 10 (^ 1/2 )2 = (" “ l)[fog 10 ^2 “ fog 10 “ 1 J 
fog 10 (^ 1 / 2)1 - fog 10 (^ 1/2 )2 


or 


(«-!)- 
n = l + 


fog 10 “2 - fog 10 «1 

fog 10 (^1/2)1 - fog 10 (^1/2)2 


fog 10 «2 -fogio «1 
Plots of half lives vs. concentration {tyz ' 


...(iv) 




Zero order 



1st order 


3rd order 



Cone.—► ■ Cone.—► 1 /a—► 1/a®—► 

This relation can be used to determine order of reaction ‘n\ 

4. van’t Hoff differential method 

As we know that, the rate of a reaction varies as the nth power 
of the concentration of the reactant where ‘ n’ is the order of the 
reaction. Thus, for two different initial concentratiom Cj and C 2 , 
equations can be written in the form 


rfC, . dC 


dt 

Taking logarithms, 


: kC, and - ■ 


2 _ 


dt 


= kC' 


fogio l-^| = fogio A:+ n login ^i 

dt 


and 


log 


10 


dC2 

dt 


login A:+ « log in C2 


...(i) 

...(ii) 


Subtracting eq. (ii) from eq. (i). 


fog 10 - 


dCy 

dt 


-fog 


(-dCz 


10 


dt 


HO 


dC^ 

dt 


= n (login C, -fogio^^2) 
fog 10 


dC2 


dt 


or 


fog 10 Q - fog 10 Q 


,..(iii) 


dC. 


and - are determined from concentration V5. time 


dt dt 

graphs and the value of ‘n’ can be determined. 

:: liSSl^SoME Solved ExamplesMSS:: :: 

Example 20. Rate of a reaction A + B - > product, is 

given as a function of different initial concentrations ofA and B. 


m 

[5] 

Initial rate 

(molL-^) 

(/wf£"‘) 


0.01 

0.01 

0.005 

0.02 

0.01 

0.010 

0.01 

0.02 

0.005 
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Determine the order of the reaction with respect to A and w.r.t. 
B. What is the half life of A in the reaction? 

Solution: Let the rate of reaction be 
Rate = A[vlf 

From the data given, it is clear that by doubling the 
concentration of A, the rate also becomes double when B is kept 
constant. Thus, the rate is directly proportional to concentration 
ofA 

Rate oc [A], i.e., x=l 
Or the order of reaction w.r.t. ^ is 1. 

When the concentration of A is kept constant and the 
concentration of B is doubled, the rate does not change, i. e., 
y = 0; or the order of reaction w.r.t. B is zero. 

Thus, reaction rate, -^ = l^A] 
dt 

A ■ I 0 005 . -1 

Again k =- = 0.5 imn 

0.01 

Half life of=-= —— = 1,386 mm 

k 0.5 

Example 21. Thermal decomposition of a compound is of 
the first order. If 50% of a sample of the compound is 
decomposed in \2Q minutes, how long will it take for 90% of the 
compound to decompose? 

Solution: Half life of reaction = 120 min 


We know that, 


, 0.693 0.693 • -i 

k = -=-= 5.77x10 mm 


‘ 1/2 


120 


Applying first order reaction equation, 
2.303, a 

r = -^logj(,- 

k a-x 

Ifa = 100, x = 90or{a-x)=10. 

So, t- 


2.303 , 2.303 . 

-r-log 10 10 =-r = 399nun 


5.77x10" 


5.77x10" 


Example 22. The decomposition ofCl20-j at 400 AT in the 
gas phase to Cl 2 and O 2 is a first order reaction. 

(i) After 55 seconds at 400/C the pressure ofCI 2 O 2 falls from 
0.062 to 0.044 atm. Calculate the rate constant. 

(ii) Calculate the pressure of C/ 2 O 7 after 100 seconds of 
decomposition at this temperature. 

Solution: (i) As pressure concentration, 

, 2.303 , P, (initial pressure) 

k = -log ,0 - - - - - 

t P, (pressure after time t) 


2.303 


log 


0.062 


10 


6 . 2 x 10 "" s" 


55 0.044 

(ii) Again applying the first order kinetic equation, 
2.303, P; (initial pressure) 


k = - 


t 


log 


10 


Pi (pressure after time t) 



6 . 2 x 10 '^ = 

or 

6.2x10"^ xlOO 
2.303 

or 

0.2692= log 

or 

log 10 (P, ) = log 


2.303, 0.062 

-log 10 - 

100 P, 

log,o 0.062-log ,0 (P ,) 


: (2.7924 - 0.2692) 


Pj = 0.033 atmosphere 


Pressure after 100 sec = 0.033 atm 


Example 23. The half life of a first order reaction is 60 
min. How long will it take to consume 90% of the reactant? 
Solution: For the first order reaction 


0.693 

^1/2 


0.693 3 . _[ 

-= 11.55 X 10 mm 

60 


Applying first order kinetic equation, 
2.303, a 

t =—— log,o 


(a-x) 


Given: a = 100,x = 90, i.e., (a-x) = (100-90)= 10 
' 2 303 

Hence, t = —— - • log 10 

11.55x10"^ 

= 199 min 

Example 24. A first order reaction has a rate constant of 
15 x 10"^ . How long will 5.0 g of this reactant take to reduce 
to 3.0 g? 

Solution: Applying first order kinetic equation, 

2.303, a 

t =-logjn - 

k “(a-x) 

Given: A: = 15x10"^ sec'*,a = 5g,(a-x)= 3g 

c . 2.303 , 5 -. 

So, f=-- login- = 34.07sec 

15x10"^ '"S 

Example 25. Catalytic decomposition of nitrous oxide by 
gold at 900°C at an initial pressure of 200 mm was 50% in 53 
minutes and 15% in \QI5minutes. 

(a) What is the order of reaction? 

(b) How much it will decompose in 100 minutes at the same 

temperature but at an initial pressure of 600 mm.? (IIT 1990) 

Solution: (a) Using first order kinetic equation and 
substituting given values, 

Infirstcase: k = -logm-= 0.0131mm 

53 *“ 200-100 

T a z. 2.303, 200 . _i 

In second case: k =-log ,0 -= 0.0131 min 

100 ‘“ 200-146 

As the values of k come out to be the same in both cases, the 
reaction is of first order. 
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(b) As in the first order reaction, the time required for the 
completion of same fraction is independent of initial 
concentration; the percentage decomposition in 100 minutes 
when the initial pressure is 600 mm will also be 73%. 

Example 26. A substance reacts according to the first 
order rate law and the specific reaction rate for the reaction is 
1x10^^ s'*. If the initial concentration is 1.0 M 

(a) What is the initial rate? 

(b) What is the reaction rate after 1 minute? 

Solution: (a) Initial rate of a first order reaction = kC 

= 1X 10'^ X 1.0 = 1 X 10'^ mol L'* s“* 


(b) Concentration after 60 seconds is calculated by applying 
first order kinetic equation, 

, 2.303, 1 

i: = __logjo 


60 


( 1 -x) 


or 


,„_2 2.303. , ... 

1 x10 =-[-log(l-x)] 

60 


,-2 


or 


60x10 

2.303 


-log (l-x) = 0.2605 


-1 


log {l-jc) = -0.2605 
= 1.7395 

(1 - x) = antilog of (1.7395) = 0.5489 mol L“ 

Rate of reaction after 1 minute = kxC 

= 1x10“^ xft5489 
= 5.489x10'^ molL"* s~' 

Example 27. A first order reaction is 50% completed in 30 
minutes at n°C and in IQminutes at 47°C. Calculate the reaction 
rate constant at 21°C and the energy of activation of the reaction 
in kJ mol . 

Solution: For first order reaction k = 


0693 


At27“C, 

At47°C, 


'•27°C ■ 


‘ 1/2 


= 00231 min' 


^47‘’C - 


0.693 
30 

0.693 rtocQi ■ -1 
-= 0.0693 min 

10 


Now applying the following equation: 


I 

logi 


Ho 


2.303 X R 




or 


or 


log 


10 


0.0231 

0.0693 


login 0.3333 = 


2.303x 8.314 
E„ 20 


320-300 

320x300 


19.1471 96000 

19.1471x96000 


20 

- 91906 x(-0.4772) 


X log 0.3333 


= 43857 J mor‘ = 43.857 kJ mol 


-1 


Example 28. In Arrhenius equation for a certain reaction, 
the values of A and {activation energy)are 4 x lO’^ sec'* and 
98.6 kJ mol respectively. If the reaction is of first order, at 
what temperature will its half life period be \Q minutes? 

(IIT 1990) 

Solution: According to Arrhenius equation, 
k = Ae'^’’’^'^ 

£ 

or log,A = log,^-^ 

or 2.303 log ,0 A = 2,303 log ^ ^ ^ 

For a first order reaction ty 2 = 

k 

0 693 _i 

So, , T^ =-sec * (f,,, = 10min = 600 sec) 

- .600 

= 1.1x10“^ sec'* 


Hence, log (1.1 x i0“" ) = log (4 x 10*^ ) 


98.6x10^ 


2.303 X 8.314 xr 


r = 310.95 K 

Example 29. A second order reaction, in which both the 
reactants have same concentration, is 20% completed in 500 
seconds. How much time it will take for 60% completion? 

Solution: The second order equation when both the 
reactants have same concentration is 

, 1 X 

k = - 

t a{a-x) 

If a = 100, x = 20, r = 500 seconds. 

„ , 1 20 

’ 500 100x{100-20) 

When a = 100, x = 60, r = ? 

^ _ 1 60 
* 100x40 


Substituting the value of k, 

500x100x80 60 

20 100x40 


or t = 3000 seconds 


Example 30. A first order reaction is 20% complete in 10 
minutes. Calculate the time taken for the reaction to go to 80% 
completion. 

Solution: Applying first order equation, 


2.303 

t- 


logic 


2.303 

10 


logic 


100 


( 100 - 20 ) 

— = 0.0223 min 
80 


-1 
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Again applying fest order equation, 

2.303, 100 


r = ■ 


HO 


(100-80) 

100 


2.303 , 

=- login - 

0.0223 20 

= 72.18 min 

Example 31. The decomposition of dinitrogen pentoxide 
(N 2 OS) follows first order rate law. Calculate the rate constant 
f.om the given data: 

t = 800 sec [NjO^ ] = 1.45 molT^ = [.4, ] 

t = 1600 sec [NjOs ] = 0.88 mol = [A^] 

Solution: Applying the formula, 
k : 


2.303 , [Ai 
log 10 


(h - h ) 
2.303 


M 2 ] 


, 1.45 

-log 10 - 

(1600 - 800) 0.88 

= 0.2169= 6.24x10“^ sec"* 

800 

Example 32. The decomposition ofN 20 ^ according to the 
equation, 

NiOilg) ->4iV02(f) + 02 (g) 

is a first order reaction. After 30 minutes from the start of the 
decomposition in a closed vessel, the total pressure developed is 
found to be 284.4 mm Hg and on completion, the total pressure is 
584.5 mm Hg. Calculate the rate constant of the reaction. 

(IIT 1991) 

Solution: 


2 N 2 O 5 


-> 4NO2 + O2 


On decomposition of 2 moles of N 2 O 5 ,4 moles of NO 2 and 1 
mole of O 2 are produced. Thus, the total pressure after 
completion corresponds to 5 moles and initial pressure to 2 
moles. 

2 

Initial pressure of N 205 ,|»o “ 584.5 = 233.8 mm Hg 

After 30 minutes, the total pressure = 284.5 mm Hg 


2 N 2 O 5 


4NO2 T O2 

4p p 


or 

or 

or 


/>o + = 284.5 

3/> = 284.5 - 233.8 = 50.7 mm Hg 
50 7 

p = __ = 16.9 nun Hg 

Pressure of N 2 O 5 after 30 minutes = 233.8 - (2 x 16.9) 
^ =200mmHg 

, 2.303 . 233.8 


30 


log 


10 


200.0 


; 5.2x 10 ^ min * 


Example 33. The gas phase decomposition of dimethyl 
etherfollows first order kinetics. 

CH^OCH^ig) - >CH,{g) + H2(g)^CO(g) 

The reaction is carried out in a constant volume container at 
500°C and has a half life of 14.5 minutes. Initially only dimethyl 
ether is present at a pressure of 0.40 atm. What is the total 
pressure after \2minutes? Assume ideal gas behaviour. 

(IIT 1993) 

, 0.693 0.693 


Solution: 


' 1/2 


14.5 


: 0.047793 min"' 


Let the pressure of dimethyl ether after 12 minutes be p atm. 
Applying first order equation. 


i . P 


log 


10 


or 


or 


OA 

P 

0.4 


0.047f93 


xl 2 


2.303 

= 1.7743 
0.4 


0.2490 


P = - 


= 0.2254 atm 


1.7743 

Decrease in pressure, x = 0.4 - 0.2254 = 0.1746 atm 
CHj OCH 3 (g)-> CH 4 (g) + H 2 (g ) + CO(g ) 

Pt)-X XXX 

Total pressure = p^+lx 

= 0.4 + 2x0.1746 
= 0.7492 atm 

_Example 34. The half life of first order decomposition of 

nitramide is 2.1 hours at 15°C. 

NH 2 NO 2 (aq .)- >N 20 ig) + H^m 

If6.2g ofNH 2 N 02 is allowed to decompose calculate (i)time 
taken for NH 2 NO 2 to decompose 99% and iii)the volume of dry 
N 2 Oproduced at this point, measured at STP (IIT 1994) 

Solution: (i) 


, 0.693 0.693 ^ u -1 

Ic = -=-= 0.33 hr 


h/2 2.1 

Applying kinetic equation of first order reaction, 

a 


, 2.303, 

k = -login 


or 


t ■■ 


t 

2.303 


log 


10 


(a-x) 

100 

(100-99) 


0.33 
= 13.96hrs 

(ii) No. of moles of NH 2 NO 2 decomposed 


= 0.99x 


62 


= 0.099 

No. of moles of N 2 O formed = 0.099 

Volume of NjO at STP = 0.099 x 22400 mL 
= 2217.6 mL 
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Example 3S. From the following data for the reaction 
between A and B: 


Expt 

I^] 


Initial rate (mol £ * s ') 

No. 

(molC^ 

(moir^) ^ 

‘ 300f 

3201^ 

(1) 

2.5 X lO"* 

3.0 X 10'^ 

5.0 x lO"^ 

2.0 X10'^ 

(2) 

5.0 X 10-^ 

6.0 X 10'^ 

4.0x10'^ , 


(3) 

1.0 xlO'^ 

6.0x10’^ 

1.6x10'^ 



Calculate the following: 

(0 The order of the reaction with respect to A and with 
respect to B, 

(it) The rate constant at 300JT, 

(Hi) The energy of activation and 

(iv) The pre-exponential factor. (IIT 1994) 

Solution: (i) Let the rate law be: 

RtX.e = k[AY[BY 


From expt. (1), 5.0 x lO^^ =1[2.5 x lO^^f [3.0x 10"^]^ 
Fromexpt. (2),4.0x lO:^ =M5.0x lO^^f [6.0x 10'^]^ 


... (i) 

- (ii) 


Dividing eq. (ii) by eq. (i), 


4.0 X 10’ 


5.0x10 


,-4 


:2'' -2^ =8 


Fromexpt. (3),1.6x 10“^ = jfc[1.0x lO'^f [ 6 . 0 x 10’^]^ ... (iii) 

Dividing eq. (iii) by eq. (ii), _ 2 ^ = 4 

4.0x10”^ 

or X = 2 and y = 1 

Hence, order w.r.t. A is 2nd and order w.r.t. B is 1 st. 

(ii) Rate=/i:-[^f[B] 

Fromexpt.(l), 5x 10"^ =M2.5x 10‘^]^[3.0x 10’^] 


or k = - 


5x 10’ 


[2.5x10"^]^ [3.0x10’^] 

(iii) From Arrhenius equation, 
2.0x10’^ E, 


2.67x10® I? mol"^ s' 


l 0 £ 


20 


10 


5.0x10'^ 2.303x 8.314 300x 320 


^ 2.303x8.314x300x320 , 

Ea = — - — - X log 10 4 

= 55.333 kJmor' 

17 

(iv) Applying logjo k = logio A 


2.303J?r 


log 


55.333 


10 


A 


k 2.303x8.314x300 


= 9.633 


or 


or 


- = 4.29x10^ 
k 

=4.29x10’ X 2.67x10® 

r^lS 


= 1.145x10“ 

Example 36. At a certain temperature, the half change 
periodfor the catalytic decomposition of ammonia were found as 
follows: 

Pressure (Pascals): 6667 13333 26666 

Half life period in hours: 3.52 1.92 1.0 

Calculate the order of reaction. 


Solution: 


(^1/2 )l _ 
(^ 1/2 )2 


/■ 

• 02 


where, n is order of reaction 


From the given data, 

3.52 fl3333Y’’ , 

-= - (a oc initial pressure) 

1.92 {6661] 

= ( 2 )”’’ 

log ^ = („-!) log 2 

= 0.3010 x(H-l) 

0.2632 = 0.3010 x(n-l) 

. k = 1.87=2 

Similar calculations are made between first and third 
observations, n comes equal to 1.908 (= 2). 

Thus, the reaction is of second order. 

Example 37. On heating, arsine (AsH^ ) decomposes as: 

2AsH,(g)^2As(s)+m2(g) 

The total pressure measured at constant temperature and 
constant volume varies with time as follows: 

t (min) 0 5 7.5 10 

plmmHg 760 836 866.4 896.8 

Calculate the rate constant assuming the reaction to follow the 
first order rate law. 

Solution: For first order, the rate equation is 
Initially after time t 

2.303 U]o_ 2.303 p, 

t ^ t . p 


given, Pq = 760mm Hg, 

The decomposition reaction is: 


2AsH3(g)~^As(s) + 3H2(g) 
0 0 


n 

P0-2x 


Total pressure, Pi = pg -2x+3x= Pq +x 

x = Pt-po 

PasHj = (Pa - 2x) =Po~ 2p, + 2po = 3po - 2p, 
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PAsH-, 


: (3x 760)-(2x 836) 
: 608 mm Hg 


2.303 


760 


HO 


5 608 

After 7.5 minutes,= (3 x 760) - (2 x 866.4) 
= 547.2 mm Hg 

: 0.0438 min 


: 0.0446rain’ 


, 2.303, • 760 

A: =-log 10 


7.5 

After ,10 minutes, /JasHj 


2.303 

10 


log 


547.2 

(3x760)-(2x896.8) 
486.4 mmHg 
760 


10 


486.4 


= 0.0446 min' 


Example 38. Cane sugar is gradually converted into 
dextrose and laevulose by dilute acid. The rate of inversion is 
observed by measuring the polarisation angle, at various times, 
when the following results are obtained: 


40 100 oo 

19.6 -6.1 -14.1 


Time (min) 0 10 20 30 

Angle 32.4 28.8 25.5 22.4 

Show that the reaction is offirst order. Calculate the value oft, 
when the solution is optically inactive. 

Solution: In case, the inversion of cane sugar is a first order 
change, then 

, 2.303, [j4]o 

log 10 


t [A] t 

When, t = 10, ro = 32.4, r, = 28.8, 
k 


2.303 , -r„ 

log 10 - - 


=-14.1 


2.303, 32.4-(-14.1) 

log 10 


10 

2.3C3 


lot 


28.8-(-14.1) 
46.5 


10 42.9 

When, t - 20,. rn = 32.4, r = 25.5, 


: 0.008min' 


■14.1 


2.303 , 32.4-(-14.1) 

log 10 


2.303: 46.5 

-log- 

(-14.1) 20 39.6 


20 25.5 

= 0.008 min 

When, t = 30, /q = 32.4, r, = 22.4, = 

(-14.1) 


■14.1 


2.303, 32.4 

■log 10 


30 


2.303, 46.5 

- logrn - 

22.4-(-14.1) 30 36.5 


= 0.008 min"* 

Thus, the reaction is of first order as the value of k is constant. 
The solution will be optically inactive when half of the cane 
sugar is inverted. 

0.693 _ 0.6^3 

IT ~ 0.008 

Example 39. 1 mL of methyl acetate was added to a flask 

containing 20 mL ofN/20 HCl maintained at 25° C.lmLof the. 
reaction mixture were withdrawn at different intenmls and 


■ ll /2 - ' 


■ 86.6 min 


titrated with a standard alkali solution. The following results 
were obtained: 

Time (min) 0 75 119 183 

Alkali used (mL) 19.24 24.20 26.60 29.32 42.03, 

Show that the reaction follows first order kinetics. 

Solution: In case the hydrolysis follows first order kinetics, then 




t -- [^] t 

When, t = 75 min, = 42.03, Fg 
0 ^m lAO _ 1 o' 

k 


2.303, 

log 10 - 


■F„ 


19.24, F 


2.303 , (42.03 - 19.24) 

log 10 


24.20 

22.79 


IS 

■■ 0.00327 min 


(42.03 - 24.20) 


2.303, 

-login - 

75 17.83 


-1 


t = 119rain, V„ 
, 2.303 


= 42.03, Fo =19.24, V, =26.60 


119 


, (42.03-19.24) 2.303, - 22.79 

log 10 7.... =^-:rlogio 


(42.03-26.60) 119 


15.43 


= 0.00327 min 


-1 


Since, the values of k are constant, hence, it follows first order 
kinetics. 

Example 40. The gaseous decomposition of ozone 
2C>3 ^302 
d[0 ^]_ k[0^f 

dt [O 2 ] 

Show that the following mechanism is consistent with the 
above rate law: 


obeys the rate law r - 




0^ ^ O 2 +O 

(fast) 

O + O 3 -^202 

{slow) 


Solution: From the slow rate determining step 

= * 1 ] , 


dt 


From the fast reaction, 

K 


eq 


or 


[O]: 


[Pall 

[O 3 

. ^eq[03 

[O 2 ] 


Substituting the value of [O] in the above expression 


dt 


[O 2 ] [O 2 ] 

Example 41. For the formation of phosgene from CO(g) 
and chlorine, 

CO(g) + Cl^(g) - >COCl^(g) 

the experimentally determined rate equation is. 


dicoa2] 

dt 


■■kicowf] 


3/2 


Is the following mechanism consistent with the rate equation? 

(i) CI 2 la (fast) 

■ (ii) Cl + CO^^COCl (fast) 

(Hi) COCl+Cf ^^ COCf+Cl (slow) 
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Solution: Multiplying equation (ii) by 2 and adding (i), we 


get: 


Cl, + 2CO^=^ 2COC1 


K-- 


[COCl]" 

[Cl2][CO]' 


[COCl] = (^)‘^^ [Cl2]'^^[CO] 

Slowest step is rate determining, hence, 

Rate = MCOCl][Cl2] 

From eqs. (i) and (ii), we.get 

Rate =/K‘'^[Cl 2 ]'^^[Cl 2 ][CO] 

Rate = Jt'[Cl 2 ]^^ [CO] 

Thus, rate law is in accordance with the mechanism. 


...(i) 

...(ii) 


22 . A first order reaction has half life of 14.5 hrs. What 
percentage of tlie reactant will remain after 24 hrs? 

(a) 18.3% (b)31.8% (c) 45.5% (d)68.2% 

• [Ans. (b)] 

. 2.303 


[Hint: 


0.693 

14.5 


t 

2.303 

24 


log 

log 


a 

a-x 

100 

(a-x) 


23. 


On solving, (a - :t) = 31.8%] 

Half life of a first order reaction is 10 min. What % of reaction 
will be completed in 100 min? 


(a) 25% 
[Ans. (b)] 

[Hint: 


(b) 99.9% (c) 75% 


(d) 80% 


0.693 2.303 


1/2 


t 


0.693 2.303 


10 


100 


logi( 


log 


a 

a-x 

100 

100 -X 


24. 


25. 


a: = 99.9%] 

A certain zero order reaction has i = 0.025 M s'* for the 
disappearance of .^4. What will be the concentration of A after 
15 seconds if the initial concentration is 0.5 M? 

(a)0.5M (b)0.32M (c)0.12M (d)0.06M 

[Ans. (c)] 

[Hint: x = kt = 0.025 x 15 = 0.375 M 

Remaining cone. = 0.5 - 0.375 = 0.125M] 

A first order reaction: 

' - - 2N20(g)-->2N2(g) + 02 (g) 

has a rate constant of 1.3x10'** s”* at 270°C and 
4.5 X10'“* s'* at 350°C. What is the activation energy for this 
reaction? 

(a) 15kJ 
[Ans. (d)] 

[Hint: log I 


(b)30kJ (c)68kJ (d)120kJ 



_ 4 

’ 1 r 

Ui. 

2.303R 



f 4.5x10'*°^ 


' 1 1 " 

[ 1.3 X 10'“, 

2.303 x 8.314 x 10“* 

-543 623_ 


log 


4 =120kJ] 

^26. The reaction of O 3 with chlorine atom is given as: 

O 3 (g) + Cl(g)-> O 2 (g) + ClO(g); 


= 5.2X 10^ L mol'* sec'* 

. cio(g) + 0(g) —t ci(g) + O2 (g); 

^2 10*° L mol'* sec'* 

Which of these values is closest to the rate constant of the 
overall reaction? 

03 (g) + 0 (g) —> 202 (g) 


(a)5.2x lO*' 


(b)2.6x 10*' 


(c) 3.1x10*® ,, (d) 1.4x10^® 

[Ans. (a)] 

•S’ 

[Hint: Lowest value of k shows that the step is rate determining.] 
27. If a first order reaction takes 32 minutes for 75% completion, 
then time required for 50%'completion is: 

[AMU (Medical) j 

(a) 32 min (b) 16 min ,(c) 8 inin (d)4min 
[Ans. (b)] 

2 303 

■ pint: k = log 


When, a = 100, x = 75, t = 32 


, 2.303, [100> 

k =-logio - = 0.0433 min 

32 ( 25 7 


Time for 50% completion ( 1 ^ 2 ) = 


0.693 0.693 


16min] 


k 0.0433 

28. Rate constant of a reaction is 175 litre'^ mor** sec'*. What is 
the order of reaction? fCETr^.];- 7 

(a) First (b) Second (c) Third (d) Zero 
[Ans. (c)] 

P HTTP ! ^ * 

pint: Unit of k '■ 


litre 


X sec'™' 

... (i) 

sec'* 

... (ii) 


mol 

Given unit of k = litre^ mof 
Comparing the unit of litre, 

« - 1 = 2 
n = 3] 

29. The half life of a first order reaction having rate constant 
k = 1.7 X 10'* sec'* is: (.HPMER 2006) 

(a) 12.1 hrs (b) 9.7 hrs (c) 11.3 hrs (d) 1.8 hrs 
[Ahs. (c)] 

0.693 0.693 


pint: 


h /2 - ‘ 


1.7x10' 


■ = 40764 sec =11.3 hrs] 


30. At 500 K, the half life period of a gaseous reaction at an initial 
pressure of 80 kPa is 350 sec. When the pressure is 40 kPa, the 
half life period is 175 sec; the order of the reaction is: 

[PET (Kerala) 2097] 

(a) zero (b) one (c) two (d) three 

(e) half 
[Ans. (a)] 
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[Hint; 


(^1/2) 


(^1/2)2 
350 
175 ' 




ft 
ft; 

40 
80/ 
r 
2 , 

n-l = -l 

n = 0 (zero order reaction)] 

31. 90% of the first order reaction is completed in 70 minutes. The 
. velocity constant of the reaction is: [Corned (Karnataka) 2098] 
(a) 0.0329 (b) 0.329 (c) 3.29 (d) 0.0293 

[Ans. (a)] 


[Hint; 


, 2.303 , a 

k =- log- 


t 

2.303 


log 


a-x 

100 


70 100-90 

= 0.0329 min"'] 

32. The half life period of a first order reaction is 1 min 40 
seconds. Calculate its rate constant. (VTTEEE 2008) 

(a)6.93xl0-^ min“' (b) 6.93 x 10" ^ sec"' 

(c) 6.93 X 10" ^ s« (d) 6.93 X 10^ sec 

[Ans. (b)] 

[Hint : k = = 6.93 x 10" ^ sec" ’ ] 


M/2- 


100 


Miscellaneous Num|mcal Examples^ 


J'y/rjryr 

Example 1. Ammonia and oxygen react at higher 
temperature as, 

4 AW 3 ig) + 5 O 2 (g) -> 4NOig) + 6H20{g) 

in an experiment, the concentration of NO increases by 
1.08 X 10"^ mollitre~^ in 3 seconds. Calculate: 

(0, rate of reaction, ( 11 ) rate of disappearance of ammonia, 
(Hi) rate of formation of water. 

Solution: 

1 fif[NH3 ] _ 1 tf[02 ] _ 1 t/[NO] _ 1 rfEHzQ] 

~ 5 dt ~ 


(i) Rate = - 


Rate = ~ X 
4 


4 dt 

1 1.08x10"^ 


4 dt 6 dt 
= 9 X10"'' mol litre"' sec"' 


.... -fi?[NHj]. , , . 

( 11 ) - — = 4 X rate = 4 x 9 x 10 

. dt 

= 36 X10"' mol litre"' sec" 

..... fi?[H20] r. 

(m) .- - — = 6 X rate = 6 X 9 X 10^ 


dt 


54 X 10 '' mol litre ' sec 




Example 2. Decomposition of (g)into N02 (g)and 
02 (f) is Cl first order reaction. If initial concentration of 
[^ 2 ^ 5)0 mol litre~\ what will be'its 

concentration after 30 minutes? Rate constant of the reaction is 


—4 _~1 


1.35x10 ■ s 
Solution: 




1 10*9 2.303 , 

1.35x 10 = —-login 

30x60 


M] 

0.03 

lA] 


[^] = 0.0235 mol litre ' 

Example 3. Rate . constant for the decomposition of 
ethylene oxide into CH^ and CO may be described by the 

1.25x10^ 

equation, log k{s ) = 14.34-. 


'{a) What is the energy of activation of'tjm reaction? 
(b) What is the value of k at ClQK? 

Solution: (a) We know that, 

log,o A:=log,Q A - - - 

' 610 2 . 303 Rr 

, ,,- 1 , ,,,, 1.25x10' 

log|ok(s )= 14.34---- 


-a) 

...(ii) 


Comparing eq. (i) and eq. (ii), we get 
: 1.25x10' 


2.303R 

£ = 1.25x10''X 2.303 x 8.314x 10"^ ^ 

£ = 239.339 kJ/mol . 

(b) Substituting the value of T, i. e., at 670 K, in equation (ii), 
we get, 

log k (s ') = 14.34-— = -4.3167 


670 


k = 4.82x10 


,-5 ^-1 


. Example 4. A drug becomes ineffective after 30% 
decomposition. The original concentration of a sample was 
5 mg/mL, which becomes 4.2 mg/mL during 20 months. 
Assuming the decomposition of first order, calculate the expiry 
time of the drug in months. What is the half life of the product? 

2.303 


Solution: 


, 2.303, 

k = -.logio 


^ a ^ 




20 


^0.00872 month 


,-i 


Expiry time ‘ £ may be calculated as: 

, 2.303, a 

■logio 


t 


a-x 

100 


0.00872 = ^^ log ,0 — 
t 70 

t = 40.9 = 41 month 
0.693 


n/2 


0.00872 


= 79.4 month 
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Example 5. Two reactions of the same order have equal 
exponential factors but their activation energies differ by 24.9 
kJImol. Calculate the ratio between the rate constants of these 


reactions atn°C. {R = %3\JK 
Solution: We know that. 


So, 

and 


log 10 ^ 


logio k 2 = 


logio k\ 
logio 


'' mol ) 

logio ^ - 
logio ^ - 


logio 


(Dhanbad 1990) 

E 


2.303RT 

El 

2.303RT 

Ex 

2.303RT 


log 


10 




Mizhl 

2.3Q3RT 

24.9x1000 
’ 2.303x8.314x 300 

: 2.199x10^ 


Example 6 . Pseudo first order rate for the reaction, 

A+B - >P 

when studied inOAMofBis given by 


dt 




where, fc = 1.85 x 1 O'* xec”’. Calculate the value of second order 
rate constant 

Solution: A-\-B - ^P 

dlA] 


dt 


■ klA} 


-f^il = 1.85xl0‘'X[y^] 
dt 

Assuming the reaction to be of second order, 
dVA] _ 


(i) 


dt 

d{A] 

dt 


= A:'M][ 0 . 1 ] 


(ii) 


Dividing eq. (i) by eq. (ii), we get 


1 = 


1.85x10“ 


A:'[0.1] 

, A:' = 1.85x10^ litre moP'sec"’ 

Example?. The time required for 10% completion of a 
first order reaction at 298 K is equal to that required for its 25% 
completion at 308 K. If the pre-exponentialfactorfor the reaction 
is 3 .56 x 10^ sec"’, calculate its rate constant at3\%K and also 
the energy of activation. (01 1997) 


Solution: We know that. 


, 2.303, 

k = -logio 


fl ^ 


At 298 K, 


At 308 K, 


t 

10 , a 
2.303 


100 , 


'^298 


log 


100 


10 


r, ■••90 

a = 100,x = 25,(a-x)=75 

^308 


2.303 , f 100 

-logic 


75 




...(ii) 


ti = < 2 , dividing eq. (ii) by eq. (i) 

kx 


log 


'• 30 ? 


'■298 


^308 


■■2.13 


''298 

log 2.73 


2.303/? [Ti 
E. 


'iJ 

1 


1 


2.303x8.314 (308 298 
£ = 76.622 kJ/mol 

Similarly, we can solve for A: 3 ig which is equal to 
9.22x10"%"’. 

Example 8 . The rate constant of a reaction is 1.5 x 10^ s"’ 
at 50°C and 4.5x lO’s"’ at 100°C. Calculate the Arrhenius 

■ (HT 1998) 


parameter A and E^. 

k"} E 

Solution: log ,a — =- - — 

’”711 2.303/? 


1 1 


kTx 


log 


• 4.5x10' 

10 -7 

1.5x10^ 


‘2 y 

1 


1 


E„ 


Weknow that. 


logio A: = logic 


2.303x8.314(323 373 

: 2 . 2 x 10 *'J/mol 

E„ 


2.303RT 


logic (1-5x10’) = logic A 


2.2x10“ 


2.303X.8.3HX 323 
■ ^ = 5.42x10'® s"’ 

Example 9. In hydrogenation reaction at 25° C, it is 
observed that hydrogen gas pressure falls from 2 atm to 1.2 atm in 
50 min. Calculate the rate of reaction in molarity per sec. 
(/? = t3.Q%2\litre-atm degree~^ mol ) 

c w t, . dP .2-1.2 

dt 50x60 

= 2.666 X 10"** atrn s7’ 

PV = nRT 


_P_^ 

sec 


n''^ 
V J sec 
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n 

1 

' P ■ 


sec 

_sec_ 


1 

RT 


Rate (molarity/sec): 


2.666x10"^ 

0.0821x298 


a.09x10“^ mollitre"’ 


Example 10. A drop of solution (volume 0.05 mL) contains 
3 X 10~^ mole H ^ ions. If the rate of disappearance of the H * 
ions is 1X lO’ mol litre^^ sec~^, how long would it take for H 
ions in the drop to disappear? 

Solution: 


Concentration of drop = 


mole 


volume in mL 


■ X1000 


3x10" 


Rate o^^isappearance = 

/ lxl0’ = 


0.05 
cone, change 


x 1000 = 0.06 mol litre 


time 


0.06 


time 

Tiroe = 6xl0“® sec 


Example 11. A constant temperature and volume X 
decomposes as, 

2Xig) - >3Y{g) + 2Zig) 


Px is the partial pressure of X. 


Observation No. 

Time (min) 

Px {in mm Hg) 

1 

0 

800 

2 

100 

400 

3 

200 

200 


■ (i) What is the order of the reaction with respect to X? 

(ii) Find the rate constant. 

(Hi) Find the time for 75% completion of the reaction. 

(iv) Find the total pressure when pressure of X is 700 mm 
Hg. (IIT 2005) 

Solution: (i) Data shows that half life of the reaction is 
constant, i. a, 100 min; hence, it is a first order reaction. 


(ii) k = 


0.693 

hi2 


0.693 

100 


= 6.93x10“^ 


min 


(iii} ^ 75 % 5 if* j ^ 3/4 — 2 X ty ,2 —^ 2 ^ 100 — 200 nun 
(iv) 2Z(g)- >3Y(g) + 2Zig) 

f = 0 800 0 0 

dt 800-2Z 3X 2X 

Total pressure = 800- 2X + 3X + 2X = 800+ 3Z . ...(i) 
800 - 2Z = 700 
■■ X = 50 

Total pressure = 800 + 3x50=950 mm Hg 
'Example 12. Suppose 50 bacteria are placed in a flask 
containing nutrients for the bacteria so that they can multiply. 

A study at 35° C gave the following results: 


Time (minute) 0 15 30 45 60 

Number of bacteria 50 100 200 400 800 

Show that the rate ofproduction of bacteria is of first order. How 
many bacteria will be there after 3 hours? 

Solution: For bacterial growth, 

2.303 , 

log,o 


k-- 

k-- 


" a 


At 15 minutes: 


At 30 minutes: 


At 45 minutes: k -- 


t 

2.303 


log 10 
1 


15 

= 0.0462 min' 
2.303 , 

--log 

30. 

= 0.0462 min 

2,303, 
log 


10 


45 


10 




50 

ITO 

200 , 

50 

400 


= 0.0462 min' 


Same values of rate constants show that the process corresponds 
to first order. 

Let there be ‘ n’ bacteria after 3 hrs. 

, 2.303 


t 


log 


" a ^ 


10 


a + x 


2.303, 50 

0.0462=--—log , 0 ^ 
180 n 


n = 2.04x10^ 


Example 13. A viral preparation was inactivated in a 
chemical bath. The inactivation process was found to be of first 
order in virus concentration, and at the beginning of the 
experiment 2.0% of the virus was found to be inactivated, per 
minute. Evaluate ‘ Ffor the inactivation process. 

Solution: o = 100, a-x=9%, t = 60sec 


2.303 

t 

2.303 

60 


log 10 


log 10 


,4 


a 


a-x 

98 




= 3.3x10"^ sec"' 


Example 14. Trans-\,2-dideuterocyclopropane (A) under¬ 
goes a first order decomposition. The observed rate constant at a 
certain temperature, measured in terms of disappearance of'A' 
was 1.52 x 10”^ sec"*. Analysis of products showed that the 
reaction followed two parallel paths, one leading to 
dideuteropropane (B) and the other to cis-\,2-dideutero- 
cyclopropane (C). (B) was found to constitute 11.2% of the 
reaction product, independently of extent of reaction. What is the 
order of reaction for each path and what is the value of the rate 
constant for the formation of each of the products? 


Solution: 


511.2% 

^C88.8% 
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In case of parallel path reaction, 

kg = kA fractional yield of B 


= 1.52x10“'* X 0.112= 1.7x10"^ sec"* 
kc = kA X fractional yield of C 

= 1.52X 10"** X 0.888= 1.35x 10“'’ sec"* 

The reaction will be first order for each individual path. 

Example 15. In milk, at 31°C, lactohacillus acidophilus 
has a generation time of about 75 minutes. Calculate the 
population relative to the initial value at 30, 60, 75, 90 and 150 
minutes. 

Solution: For growth kinetics, 


2.303. 


t 

2.303 


log 


10 


t 


log 


10 


a + X 

N 


Generation time = 75 minutes; fl=l, a + x = 2 
,' 2.303. 


75 

After 30 minutes, 


■log 


10 


yl + l/ 


^ 0.00924 min 


-1 


0.00924: 


N 

iVn 


-2.303 

t 

2.303 


log 10 
log 10 


30 

1.319=1.32 


N 

'Ml 

N 


Similarly, we may calculate after 60, 75,90 and 150 minutes. 
Example 16. Rate law for ozone layer depletion is, 
d{0^] K[0,f 


dt [O 2 ] 

Give the probable mechanism of reaction? 

Solution: 6)3 ,—^ O 2 +O (fast reaction) 

(equilibrixmi constant K^) 

2 O 2 (slow reaction, rate constant k) 

Rate = M 03 ][ 0 ] • ... (i) 


O3 + O '■ 


K,. 




[O3] 


[O 2 ] 

putting the value in eq. (i) 


From eq. (i). 


Rate = A: ■[ 03 ]-if, 


[O 3 ] . 

[Oj] 


■ k-K 


[Qb]^ [Q 3 ] 

[Oa] [O^: 


Here, 


K = kxK, 


Example 17. In hypothetical reaction A 2 + B 2 - ^lAB, 

follows the mechanism as given below: 

A 2 V A + A (fast reaction) 

A + B 2 -> AB + B (slow reaction) 

A+B - ) AB (fast reaction) 

Give the rate law and order of reaction. 

Solution: Slowest step is rate determining. 

Rate = A:U][i? 2 ] ...(i) 

Here, [.4] should be eleminated. 

K 

' [^ 2 ] M 2 ] 

{A]=K^J\A2f^ 

Fromeq. (i), RaXe = kK]l'^[A 2 f^{B 2 ] 

^K[A2f\B2Y, [i: = A--ifJ 


Order = l + l/2 = 3/2 

. - Example 18. Calculate order of reaction from the 
following data: 

2 NH 2 - >N 2 + 37/2 (reaction) 

Pressure (mm Hg) 50 100 200 

Half lives (min) 3.52 1.82 0.93 

Solution: We know that, 

j I logic ihn )i ~ logio (^ 1/2 )2 
log 10 P 2 - logic /?1 
I logio 3.52-logio 1-82 
logic 100-logic 50 
= 1.95 = 2 

Similarly, we may calculate for other set of conditions. 

.Example 19. The chemical reaction between mercuric 
chloride and potassium oxalate proceeds as under: 

2 HgCl2 +K2C20^ — -^KCI+2C02 +Hg2Cl2 

the mass of Hg 2 Cl 2 precipitated from different solutions in a 
given time, at \QQ°C was as follows: 


-sm 

m 


• ^ w 

■ 

imimfes) 

■ 

(. 1 ) 

0.0836 

0.404 

65 

~ 0.^68 

( 2 ) 

0.0836 

0.202 

120 

0.0031. 

(3) 

0.0418 

0.404 , 

60 

0.0032 


From these data calculate order of the reaction. 

Solution: Rate = A:[HgCl 2 ]“[K 2 C 204 f; 

^^:52®! = ifc[o.0836]“[0.404f; ...(i) 

65 
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= A:[0.0836]“[0.202]P; ... (ii) Similarly, for 2nd reac 

At75°C 

= A:[0.0418]“[0.404]!^ ... (iii) rate of reaction for 


■^^^ = A:[0.0836]“[0.202f; ... (ii) 

0.0032 ^ ^[Q Q4ig]a|-Q (jjjy 

Dividing eq. (i) by eq. (ii), we get 4 = 2^; P = 2 
Dividing eq. (i) by eq. (iii), we get 2 = 2“; a = 1 
Thus, overall order = a + P = 3 
Example 20. The rate constant of the reaction A is 
A: = 0.5; the initial concentration of A being 1 mol/litre. 
Calculate the degree of conversion of substance ‘A ’within 1 hour 
if the reaction is of zeroth, first and second order. How does the 
degree of conversion depend on the order of reaction? 

Solution: Zero order: 

x = kt . 

x=0.5xl = 0.5 
2.303, a 

First order. k —-- 

t a-x 


Similarly, for 2nd reaction it becomes 3 times, 
At75°C 


rate of reaction for 2nd _ (3) i?2 


= 7.5937 (v)?i =i?2) 


k = 0.5; t = lhr;a=lM 


Second order; 


. . 2.303 , 1 

0.5 = —— log 10- 

1 (1-x) 

x = 0.39 

fc = i ^ 

t a(a-x) 


■ 0.5 = 2-i— 

1 l(l-x) 

jc=0.33 

Example 21. Two first order reactions proceed at 25° C at 
the same rate. The temperature coefficient of the rate of the first 
reaction is 2 and that ofsecond reaction is 3. Find the ratio of the 
rates of these reactions at 15° C. 

Solution: For first order reaction, q 

q/ r2 = A:i/A:2 = temperature coefficient 

Let the rate of reaction for 1st at 25°C be and the rate of 
reaction for find at 25°C be iJ2 • 

Also, i?i =‘R 2 

Rates of reaction 


At 25°C 


Ri 

35°C 

2R, 

3 R 2 

45°C 

i2fRi 

QfRj 

55°C 

{2fR, 

QfiRj 

65°C 

{2fR, 

Q)'R2 

75°C 

{2fR, 

qYRi 


k R 

:. Temperature coefficient for 1st reaction = ^2. = _?1 = 

^25 2?25 

i. e ., for each 10°C rise in temperature, rate becomes 2 times. 


rate of reaction for 1st (2)^7?! 

Example 22. The reaction, A + OH ~ —^ Products, obeys 
rate law expression as: 

Z^ = k[AWH-] 
dt 

If initial concentrations of[A^ and [OH ~ ] are 0.002 M and 
0.3 M respectively and if it takes 30 sec for \%Ato react at 25°C, 
calculate the rate constant for the reaction. 

Solution: 

A + OH” —^Products 

1 = 0 0.002 0.3 

. 0.002x1] r.,, 0.002x1] 


Lll [o 3 - ° ^ 

[ ■ ■ 100 


. 2.303 b{a-x) 


0.3 0.002- 


, =--log, L . 

30X (0.002-0.3) '\ o02 0.3- 

A: = 1.12x10”^ litre mol"' s"' 


0.002x1 

100 

0.002xf . 

100 


Eiample23. A hydrogenation reaction is carried out at 
500 K. If the same reaction is carried out in presence of a catalyst 
at the same rate, the temperature required is 400 K. Calculate the 
activation energy of the reaction if the catalyst lowers the 
activation barrier by 20 kJ mol . (HT 2000) 

Solution: Arrhenius equation may be given as, 

\k = Ae-^^’^^ 

Let Atjqq and k^^^ be the rate constants at temperatures 500 K 
and 400 K (in presence of catalyst) respectively. and £400 be 
the activation energies at temperatures 500 K and 400 K 
respectively.. 

A:50o ... (i) 

. ...(ii) 

Given, k^^^ = ^400 (same rates in presence and absence of a 

catalyst). 

On comparing eq. (i) with eq. (ii), 

.^500 _ .^400 

R X 500 Rx 400 

p,. ' .^500 _ .^400 ■ 

5 4 

or £'50 o=^^x 5 ...(iii) 

4 

.^500 ~ .^400 + 20 


Given, 
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Substituting in eq. (iii), 


•^400 + 20- £400 X 1.25 


or 


"400 


20 

0.25' 


80 kJ mol 


4 




So, 


"500 


80 + 20 = 100 kJmor‘ 


Example 24. Some PH^ {g ) is introduced into a fask at 
600°C containing an inert gas. Pfi^ proceeds to decompose into 
P^(g) and Hjig) and the reaction goes to completion. Total 
pressure is given below as a function of time. Find the order of 
the reaction and calculate the rate constant, 

Time {sec) 0 60 120 <» 

Pressure {mm Hg) 262.40 272.90 275.51 276.40 

(OTIOOI) 

Solution: 4 PH 3 (g) + Inert gas->P 4 (g) + 6 H 2 (g) + Inert gas 
f=o F p a 0 0 

/ = t {P-x) ' p x/4 6x/4 p 

f = =o 0 P P/4 6F/4 p 

262.40 =P + P. ... (i) 

272.90 =PpH3(left) ■'■■Pp4fe) 

215.51 


Att = 0, 

1 = 60 sec 
t = 120 sec 

t = 00 


^-PpHjOeft) +^P4(g) +^H2(g) +Pi 

276.40 = + PhiCe) + 


276.40: 


P 6P „ 
— + — + P 
4 4 


276.40X 4 = 7P + 4P; 

Atf = 0, 262.40= P + P,. 

On solving eqs. (ii) and (iii), we get 

P = 18.66 mm, P, = 243.74 mm 


...(ii) 
. . . (iii) 


At 60°C: 


272.90= (P-x) + P + - + — 

4 4 

7 

'^-212.90 = 18.66 - X + 243.74 + — 


2.303 


log 


" a ^ 


X = 14 mm 
2.303 


log 


18.66 


60 18.66- 14 

it = 2.32 X 10'^ sec 

Similarly, at 120 sec = 2.30 x 10“^ sec“'(do yourself) 
Since, *.• values of ‘F are same, hence the reaction belongs to first 
order. 

Example 25. For the given reaction, A + B —> Products 



Wo] 

[5o] 

Rj mol litre~^ sec ' 

1 . 

0.1 M 

0.2 M- 

0.05 

2 . 

9.1 M 

9.2 M 

0.10 

3. 

0.1 M 

0.1 M 

0.05 


(/) Write the rate law expression. 

{ii) Find the rate constant [IIT 2004 (Memory bated)] 


Solution: Let order with respect to A and P are a and P 
respectively. Rate law expression may be given as, 
Rate=it[.4]“[P]l^ 

0.05 = A:[0.1]“ [0.2]^ 

0 . 10 =ii:[ 0 . 2 ]“ [ 0 . 2 ]P 
0.05 = A:[0.1]“ [0.1] P 


... (i) 
... (ii) 
... (iii) 


Dividing eq. (i) by eq. (ii), we get 


1_ 

2 


i.e., a = 1 


Dividing eq. (i) by eq. (iii), we get 

l = [2]P,i.e,p = 0 
Rate = ^[4]* [P]° 

Substituting the value of a and P in eq. (i), we get 
0.05= A: [0.1]'[0.2]“ 

^ = 0.5sec^’ 

Example 26. ^ + 2P-> 3C + 2D 

The rate of disappearance of B islx 10“^ mol litre'^^ sec”'. 
What will be the {i)rate of the reaction and {ii)rate of change in 
concentration of A and C? [CBSE (Mains) 2005] 

1 d[B] 

Solution: (i) Rate =- 

2 dt 

= --[-1x10”^] 

2 


0.5 X10 ^ mol litre ' sec” 


(ii) - 


d[A] 
dt 

1 d[C] 

3 dt 
d[C} 

dt 


dm 


dt 
1 d[B] 


:0.5x 10 ^ mol litre”' sec 




dt 

x (-l x 10 ”'') 


.= 1.5 X 10 ^ mol litre”' sec ' 


’ Example For the reaction, A + B -> Products, rate 

is given ds, r0h=k{A][B'f'. 

How wilNhe rate change if volume of the reaction mixture is 
reduced to 1/3 nf of its original volume? (BCECE 2006) 

Solution: When volume is reduced to l/3rd, then 
concentration will increase three times. 


From eqs. (i) and (ii), 


■■k[A){Bf 

■■k[5A][iBf 

i 27 


... (i) 
... (ii) 


:27k 


.'. Rate will increase 27 times. 
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Example 28. For first order reaction, if rate constant at 
il°C is 2.8 X 10‘ ^ 5^ ' and at 2TC is 2.8 x 10“ ‘ . 

(/) Write the equation for calculation of activation energy. 

(ii) Calculate the activation energy. 

(R = 8.3 J moF * /c^‘ ) lAIPMT (Mains) 2008j 

Solution. We know. 



’ 1 r 

2.303i? 



log 


2.8xl0~^_ 

2.8x10”^ 2.303x 8.3 _ 

_ 2.303x 8.3x 290x 300 
10 

= 166299.6 Jmor* 

= 166.3 kJmor* 


1 

290 


1 

300 


Summary and Important Points to Remember 


1. Chemical kinetics: It is the branch of chemistry which 
deals with the rates of reactions, the factors which influence it 
and the mechanism by which the reactions occur. 

2. Rate of reaction: It is the speed with which the reactants 
are converted into products. It may be expressed in terms of rate 
of disappearance of any of the reactants or rate of appearance of 
any of the products. 

The rate measured over a long time interval is called the 
average rate. 

Decrease in cone, of reactant 

Average rate of reaction =-- 

Time taken 

_ ^ Increase in cone, of product 
Time taken 

A-ve sign signifies a decrease in concentration of the reactant 
and +ve sign indicates ah increase in concentration of the 
product. 

In general, for a reaction, 

n^A + njB ■¥ n^C + ... -A mjX + mflf + m^Z + ... 

- J_ M = _ J_ M ^ = 

n^ At K2 ^3 

At m2 At At 

Average rate is not very useful as it does not remain constant 
throughout its life span. It is more appropriate to express 
instantaneous rate. 

Rate of reaction with reference to a particular instant of time is 
called instantaneous rate of reaction. It is defined as the rate of 
change of concentration of any one of the reactant or product 
species over a small interval of time. 

dx dx 

Rate of reaction =-or + — 

dt dt 

Units of rate of reaction are cone, time^* ,e.g., mol L"' s”* or 
mol L"’ hr”’, etc. 

3. Law of mass action: It was presented by Guldberg and 
Waage in 1864. At a given temperature, the rate of a reaction at a 
particular instant is proportional to the product of the active 


masses of the reactants at that instant raised to powers which are 
numerically equal to the numbers of their respective molecules in 
the stoichiometric equation describing the reaction. Consider the 
following general reaction, 

ntiAy + m 2 A 2 + m^A^ +...-> Products 

Rate of reaction «[,4i I™'[/I 2 n [/I 3 

4. Rate constant: It is equal to rate of reaction when 
concentration of each reactant is unity, i e. , one mole litre”*. It is 
a constant for a particular reaction at a given temperature and also 
known as. specific rate constant or specific reaction rate. 

Consider a general reaction, ! 

oA + bB + ... -> Products 

^ = k[A]‘‘[B]‘’... 
dt 

If Q=Q=1 or M] = [«] = ! 

Then, ~ = k 

. dt 

5. Collision theory of reaction rate: A chemical reaction 
occurs when the existing bonds of the reactants are broken down 
and new bonds come into existence in the molecules of products. 
The basic requirement for a reaction to occur is that there should 
be physical contact between reacting species, i. e. , they must 
collide with one another. Effective collisions which bring 
chemical change are few inspite of large number of actual 
collisions. For a collision to be effective, the following two 
conditions must be satisfied: 

(i) Reacting species must possess adequate energy to 
overcome the energy barrier. 

(ii) Reacting molecules must be properly oriented at the time 
of collision. 

The minimum amount of energy which the colliding particles 
must possess as to make the chemical reaction to occur is called 
threshold energy. The excess energy (over and above the average 
energy of the reacting species) required by the reacting species to 
undergo chemical reaction is called activation energy {Eg ). 

Activation energy = Threshold energy - Average kinetic 

energy of the reacting molecules^ 
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Every chemical reaction whether exothennic or endothermic 
has an energy barrier which has to be overcome before the 
reactants can be transformed into products. The reacting 
molecules must have -sufFicient energy as to cross’ this energy 
barrier. The effective collisions increase with increase of 
temperature, i.e., rate of reaction increases with increase of 
temperature. 

6. Factors influencing the reaction rate: The chief factors 
which influence the rates of reactions are: 

(i) Nature of reactants: The reactants with weak bonds 
react quickly whereas the reactions involving reactants with 
strong bonds are slow. The molecular reactions are generally 
slow while ionic reactions are fast. 


(ii) Concentration of reactants: The rate of reaction 
increases with increase in concentration of reactants as the 
number of collisions increases. 

(iii) Catalyst: Positive catalysts increase the reaction rate 
by providing an alternative path involving lesser amount of 
activation energy. 

(iv) Temperature: The rate of reaction increases with an 
increase in temperature. The number of effective collisions 
increases with increase of temperature. The rates, of many 
reactions are approximately doubled or tripled for every 
10° C rise in temperature. The temperature coefficient is defined 
as the ratio of specific reaction rates of a reaction at two 
temperatures differing by 10° C. 


Temp, coefficient = 


^( + 10 
k, 


(value lies generally 

between 2 and 


3) 


Arrhenius suggested an equation which describes A: as a 
function of temperature, i.e., 


k = Ae 


-E„IRT 


where, k = rate constant, A=Si frequency factor (constant), 

= energy of activation, R = gas constant and T - temperature. 
At two temperatures T) and Ti, 


f 1 ^ 

_ 

1 

i; 


2.303R 


Ti. 


1. Molecularity and order of reaction: 

(i) Molecularity of reaction: The minimum number of 
reacting particles (molecules, atoms or ions) that come together 
or collide in a rate determining step to form product or products is 
called the molecularity of the reaction. The .reactions are termed 
as unimolecular, bimolecular or trimolecular, etc., depending 
upon the number of reacting particles as 1, 2, 3, etcl, in the rate 
determining step. Simultaneous collisions involving more than 
three molecules are very rare and hence reactions with 
molecularity more than three are also rare. 

NH 4 NO 2 -»N 2 + 2 H 2 O (Unimolecular) 

NO + O 3 —> NO 2 + O 2 (Bimolecular) 

2 FeCl 3 + SnCl 2 -~> 2 FeCl 2 + SnCl 4 (Trimolecular) 

In simple reactions involving one step only, the molecularity is 
equal to. the sum of number of molecules of the reactants 


involved in the balanced equation. There are number of reactions 
which are complex in nature and occur in several steps; the 
molecularity of such reactions is determined by the slowest step. 
Thus, molecularity depends upon the mechanism of the reaction. 

(ii) Order of reaction: Rate equation or rate law is an 
experimentally determined mathematical expression relating the 
molar concentrations of the reactants to the actual reaction rate. 
Consider a general reaction. 


n^A + n 2 B + n^C +...—» Products 

The rate law or rate equation is ‘ 

Rate = - — = A:[.l f [5f [C] ^.. 
dt 

Order of reaction is the sum of the exponents (powers) to 
which molar concentration terms are raised in the rate law. 

Order of reaction = (x + y + z+...) 

The value of (x + y + z +...) usually ranges between 0 and 2 
and even 3. It may have positive, negative, zero and fractional 
values. It is termed overall order. The reactions are classified as 
zero, first, second, third order according as (x + y + z + ...) is 
zero, one, two or three respectively. The order can be expressed 
either in terms of the order of the specific reactant or in terms of 
overall order of the reaction. 

The reactions which obey a first order rate equation, although 
they are not unimolecular, are said to be pseudo first order. 

8. Reactions of various orders: In such reactions, the 
concentrations of various reactants except one remain practically 
constant during the course of reaction. 

(!) Zero order reactions:. A reaction in which the rate is 
independent of the concentration of the reactant molecules, i. e ., 
the rate is proportional to the zeroth power of the concentration of 
the reactants. 

(Ix 

- — = k[A]Q=k 
dt • 


i.e., the reaction velocity remains constant throughdut the 
progress of the reaction. The concentration decreases linearly 
with time. 

'[A\=[A],^kt 

_ [,4 ] 0 _Tnitial concentration 

^completion _ , 7 I 

k Rate constant 

The units of k are mol L~' time^*. 

(ii) First order reactions: The rate depends upon the 
concentration of one reactant only. 

-~ = k{A] 
dt 


, 2.303, 

* = —— logio 


a 2.303. [^lo 

7-- = ^-log,o r-f 

ia-x) t [A\ 


t = time, a = initial concentration and (a - x) = concentration at 
time t. 

A change in concentration unit does not affect the numerical 
value of k. Thus, for first order reactions, any quantity which is 
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proportional to concentration can be used in place of 
concentration in the integrated equation. 

The time taken for the completion of same fraction of change 
is independent of initial concentration. When x = 0.5a and 


2.303 , 

■-—log 50 
‘ 1/2 


a 


2.303 


log 


10 


M/2 


0.693 

hn 


0.693 


M/2 


Thus, f j /2 is independent of initial concentration. 

The equation, of the first order can also be written in the 
following form when initial concentration is not known. 


2.303 ' 
(^2 “ ) 


log 


10 


(a -Xj ) _ 2.303 


log 


10 




-1 


The unit of k is time” 

(ill) Second order reactions: 
the concentration of two reactants. 

dx 


dt 


= k[^][5] = 


2.303 


log 


Reaction rate depends upon 

k[Af 

b{a-x) 


10 


tia-b) a(b-x) 


[(a - x) and (b - x) are the concentrations of A and B after time 
interval t\]' 

When concentrations of both the reactants are same, 

k - ^ ' ■* 

t a{a - x) 


(x is the concentration changed in time interval t) 

Half life period, tyj = —, e., inversely proportional to initial 
ka 

concentration. The units of k are litre moF* time”^. 

(iv) Third order reactions: Expression for third order 
reactions of the type 

3A —> Products 
dt 

1 x{2a - x) 

~~t2a\a-xf 

The units of k are mol”^ time”*. 


9. Methods for the determination of order of a reaction: 
(i) Initial rate method: A number of experiments are 
carried out by varying concentration of a reactant w.r.t. which the 
order is to be determined, keeping the concentrations of all other 
reactants constant. The initial rate of the reaction at each 
concentration is determined by concentration-time curves. The 
order of the reactant is then calculated fi'om the rates at various 


concentrations. The experiments are repeated with other 
reactants in a similar way. Likewise, the orders w.r.t. all reactants 
are determined. The overall order is the sum of the orders of all 
the reactants. 

(ii) Integration method: The quantities a,x and t are 
detqpnined and substituted in the kinetic equations of various 
orders. The equation which gives the most consistent values for 
the specific rate constant (k) for a series of time intervals is the 
one corresponding to order of reaction. 

k = log ,n —-— for first order reactions 

f (a-x) 


1 a 
t a{a-x) 


for second order reactions 


Rate = k 


for zero order reactions 


(iii) Graphical method: If the plot of log (a - x) versus ‘ f 
is a straight line, the reaction follows first order. 


If a plot of- versus ‘ f is a straight line, the reaction 

. (a -x) 

follows second order. 


If a plot of-- 

(a-xf 


versus ‘ t’ is a straight line, the reaction 


follows third order, 

(iv) Half life method: Starting with two different 
concentrations Cj and for the same reaction, the half lives 
(rj /2 )i and (t 5/2 )2 are determined. 


(^ 1 / 2)1 _ Qj, „ 14 . (^ 1 / 2)1 ( 11 / 2)2 

(* 1/2 >2 Uij ' logaj-logai 


n is the order of reaction. 

(v) vari’t Hoff differential method: For two different 
initial concentrations Cj and C 2 equations can be written in the 
form 

-^ = kC^ and-^ = kC^ 
dt ‘ dt ^ 

Taking logarithms of two eqiiations and then subtracting 


n - 

log Cl - log C 2 


log 


dC^ '^ 
■ dt 


■log 


dC2 

dt 


10. Mechanism: An intelligent guess depending upon the 
observed rates of reactions about the series of steps (known as 
elementary processes) leading to the formation of products is 
called the reaction mechanism. The overall reaction is the 
summation of all elementary steps; The slowest step is taken as 
the rate determining step. 
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Questions 



[E] Match the reactions of List-I with the increase in rate when 
concentration is raised two times in List-II: 


List-I 

(Reactions) 


LIst-H 

(Increase in rate when 
cone, of reactant is 
doubled) 


Matrix Matching Problems: 

(According to the new pattern of IIT Screening) 

[A] Match the reactions of List-I with their orders in List-II; 

List-I List-II 

(a) C,2H220 ,i + H2O-> (p) Pseudo first order 

C6H12O5 + C 5 H] 20 g 

(b) CH3COOC2H5 —I (q) Zero order 

orOH-I 

CH3COOH+C2H5OH 

(c) H2 + CI2 2 HC 1 (r) Second order 

(d) CHjCI + OH"-> (s) First order 

CHjOH + Cr 

[B] Match the reactions in Column-I with the units of their rate 
constant in Column-II: 

CoIumn-I Column-II 

(Reactions) (Unit of ft) 

(a) SO2CI2 ^ .SO2 + CI2 (p) sec-* 

(b) CH3COOC2H5 + NaOH ^(q) min"' 

CHjCOONa + C2H5OH 

(c) 2H2O2-> 2H2O + O2 (r) L mol”' min"* 

(d) H2O2 + 2 r + lit -» (s) L moF* s'* 

2 H, 0 +I, 


(a) CH 3 CHO-> CH 4 + CO (p) 2 times 

(b) SO 2 CI 2 -> SO 2 + CI 2 (q) 2 *'^ times 

(c) 2 H 2 O 2 -> 2 H 2 O + O 2 (r) 2 times in acid medium 

HOH , 

(d) CH 3 COOC 2 H 5 (s) 2 ^ times in basic 

CHjCOOH+CjHsOH medium 

[F] Match the List-I with Liwst-II and List-Ill: 

List-I List-II List-Ill 

(a) X is plotted aga-(p) Slope= - ft/2.303 (u) Intercept = 0 
inst ‘t’ in zero 
order reaction 

(b) log (a-x)is (q) Slope = 2ft 
plotted against 
‘t’ in first order 
reaction 

(c) (a - x)-' is (r) Slope = - ft 

plotted against (when log is 

‘ t’ in second natural) 

order reaction 


(if) Intercept 
= l/a 


(w) Intercept 

= l/a^ 


[C] Match the kinetic equations of Column-I with the units of 
their rate constant in Column-II: 

Column-l Column-II 

(Kinetic equatioas) (Units of rate constant) 

(a) x = kt (p) sec"* 


t 2.303 , 

(b) ft = logic 




1 

(a-x). 


a 


(d)ft = 


2,303 

t{a-b) 


log 


h{a -x) 
a{b-x) 


(q) L moF* sec"’ 

(r) mol tr* sec"* 

(s) atm"* sec"' 


[D] Matoh the half lives in Column-I with file orders in 


Column-II: 


Cohima-1 

Cotatmu-n 

(Halftife) 

(Order) 

(a) ti /2 ~ constant 

(p) Fiist order 

(b^ < 1/2 ^ 

(q) Pseudo first order 

( 0 ) t ]/2 — 

(r) Second order 

(d) jj /2 0 = p-* 

(s) Zero order 


where, a = Initial concentration of the reactant 
p = Initial pressure of the reactant 


(d) (a - x)^ is (s) Slope = ft (x) Intercept 

plotted against = logio ^ 

‘t’in second 
order reaction 

where, a = Initial concentration of reactant 
X = Extent of reaction in time ‘t' sec 


[G] Match the List-I with List-II: 

Lis*-I LM-n 


(a) Molecularity 

(b) Order 

(c) Temperature coefficient 

(d) Activation energy for 
participation of all reactant 
molecules 


(P)0 

(q) l /2 

(r) Between 2 

(s) 2 


to 3 


[H] Match the Column-I with Column-II: 

CMunu-l CohuBO-II 

(itatelaw) (Order) 


(a) Rate = ft x Intensity of light(p) Second order 


(b) Rate = ft[.4]’[S]* 

(c) Rate = 

(d) Rate = ft[.4f[5]‘ 


(q) Zero order 

(r) First order when A is 
excess 

(s) Secondorder when5 is 
excess 
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[I] 


Match the' Column-I with Column-II: 



Column-I 

Column-II 

(a) 

0.693 

k 

(p) Zero order 

(b) 

a 

" Ik 

(q) First order 

(c) 

1 

T = — 

k 

(r) Average life 

(d) 

I! 

(s) 75% completion 

(t) 25% completion 


[J] Match the Column-I with Column-Il: 

Column-I 


Coluron-n 


3 

(a) ^ 3/4 - 2 ^ ^ 1/2 


(p) 99% completion 


(b) /3/4 — 2 X ,2 

(c) 6.909/-t 

(d) 2.303/A- 


(q) Zero order 

(r) First order 

(s) 90% completion 


Here, q;2= half life 

^3/4 = 3 / 4 th life 
k - rate constant 

[K] Match the Column-I with Column-II: 

Column-I Column-II 

(a) First order reaction (p) Q = 0.1 Af; t,; 2 = 25 min 

Co = 0.05 M; tj/2 = 12.5 min 

(b) Second order reaction (q) Cq = 0 . 1 M; fi;2 = 12 min 

Cq = 0.05 M; tj/2 = 24 min 

(c) Zero order reaction (r) Radioactive decay 

(d) /j,2 varies inversely to (s) Cq - 0.1 M; = 8 min 

the concentration of the Cq ~ 0 05 M ; tj/2 = 8 min 
reactants 



1. [A] (a-p), (b-r, s), (c-<i), (d-r) . 

[B] (a-p, q), (b-r, s), (c-p, q), (d-r, s) 

[C] (a-r), (b-p), (c-q, s), (d-q, s) 

[D] (a-p, q), (b-s), (c-r, s), (d-r, s) 

[E] (a-q),(l^p),(c-p).(d-r,s) 

[F] (a-s-u), (b-p, r-x), (c-s-v), (d-q-w) 


[G] (a-s),(tx-p,q,s),(c-r),(d-p) 

[H] (a-q), (b-p), (c-p), (d-r, s) 

[I] (a-q), (b-p), (c-q, r), (d-q, s) 

[J] (a-q), (b-r), (c-p, r), (d-r, s) 

[K] (a-r, s), (b-q), (c-p), (d-q) 



Practice Problems 



1 . For the reaction A —> B, it was found that the concentration of 
B increased by 0.3 mol L"' in 2 hours. What is the average rate 
of reaction? 

[Ans. 0.15 mol L"‘hr^'] 

2. In the reaction X —> F, the initial concentration of X is 2.5 
mol L~’ and its concentration after 3 hours is 0.7 mol L"‘. 
What is the average rate of the reaction? 

[Ans. 6.0 X 10^* rnol L'*hr“'] 

3. For the reaction 2,4 -1- B —3 C, the rate of formation of C is 0.25 
mol hr"'. What is the rate of disappearance of A and B ? 

[Ans. 0.5 mol L”' hr^'; 0.25 mol L”' hr"*] 

4. For each of the following reactions express the given rate-of 
change of the concentration of the reactant or product in terms 
of the rate of change of concentration of the other reactants or 


products in that reaction. 

^[Ha] _ , 
dt 

(i) N 2 -t- 3 H 2 2 NH 3 ; 

(ii) H 2 + K 02 ^H 20 ; 

O' 

!l 

a ^ 

1 


(iii) 2 NO+,a 2 -^ 2 NOa; 

(iv) CO 4 - NO 2 -4 CO 2 + NO: 

[Ans. (i) 

(ii) 




4 O 2 ] 

dt 


m] 

dt " dt ' 2 

1 4H2]_ 1 4H2O] . 

2 • dt 2 dt 


<f[NOCl] 

dt 

<^[N02] 

dt 

3 4 NH 3 ], 


dt 


(iii) 


(IV)- 


t/[NOCl] ^ 
dt 

^ 02 ]. 


'^[NO]^2..'flCl2] 


dt 

4CO] 


dt 

dlCOj]_ 


rf[NO] 


dt dt dt dt 

When ammonia is treated with Oj at elevated temperatures, 
the rate of disappearance of ammonia is found to be 3.5 x lO"^ 

mol dm“'’ s“^ during a measured time interval. Calculate the 
rate of appearance of nitric oxide and water. 

A[N01 


[Ans. 


dt 

A[H20] 

dt 


■ 3.5 X 10 ^ mol dm ^ s*'; 


5.3 x 10'^ mol ; 






Chemical Kinetics 


559 


[Hint: Consider the following equation: 

4 NH 3 + 502^ 4N0 + 6 H 2 O 
The equality in this case is 

1 Apfflj] _ 1 A[NO] _ 1 AP 2 O] 

4 * 4 dt 6 df 

6. In a reaction, N2O5 ^ 2NO2 + 3402» 

the rate of disappearance of NjOj is 6.5 x 10“^ mol LT' s“'. 
Compute the rates of formation of NOj and Oj. 

[Ans. = 1,25 X 10"^ mol s^'; 

dt 

= 3,125 X10"^ mol r‘ 
dt 

7. For the reaction, 

2 O 3 3 O 2 

- was found to be 4.0 x 10”^ atm 
dt 

Determine the value of - ^ in atm s ”* during this period of 

A/ 

time. 

[Ans, 6.0 X10"'* atm s^'} 

8 . The following reaction was carried out at 44° C: 

N205 ^ 2 N 02 +K 02 

The concentration of NO 2 is 6.0 x 10^^ M after 10 minutes of 
the start of the reaction. Calculate the rate of production of 
NO 2 over the first ten minutes of the reaction. 

[Ans. 6.0 X10"^ mol L“* min''* ] 

9. The rate of a particular reaction doubles when temperature 
changes from 27° C to 37° C. Calculate the energy of 
activation for such reaction. {R = 8.314 J K"‘ mol”') 

[Ans. 53.59 kJ mol”'] 

10. The rate constant of a reaction is 2 x 10”^ s”' at 300 K and 
8x10”^ s”' at 340 K. Calculate the energy of activation of the 
reaction. 

[Ans. 29.39 kJ mol”' ] 

11. For a chemical reaction the energy of activation is 85 kJ mol”'. 
If the frequency factor is 4.0 x lO" L mol”' s"', what is the rate 
constant at 400 K? 

[Ans. = 3.19 X 10”^ L mor's”'] 

12. The energy of activation of a reaction is 140 kJ mol”'. If its 
rate constant at 400 K is 2.0 x 10“® s”', what is the value at 
500 K? 

[Ans. 9.06 X10”^ s”'] 

13. ‘.Calculate the ratio of the catalysed and uncatalysed rate 

constant at 20° C if the energy of activation of a catalysed 
reaction is 20 kJ mol”' and for the imcatalysed reaction is 
75kJmDr‘. 

[Ans, 6.4x10"] 

14. The deco.nposition of methyl iodide, 

ZCai(g)^C 2 H 6 (g)+l 2 (g) 

at 273° C has a rate ccn.stant of 2.418 x 10”^ s”'. If activation 
energy for the reaction is +179.9 kJ mol"', what is the value of 
collision factor ‘ ^ ’ at 273° C? 

[Ans. 3.9xl0'^s”‘] ' 


15. The reaction, 

2N2O5 ^ 2N2O4 + O2 

occurs in carbon tetrachloride. The rate constant is 
2.35 X 10“^ sec”' at 20°C and 9.15 x lO-* sec”' at 30°C. 
Calculate the activation energy of the reaction. 

[Ans. 100.343 kJ mol”' ] 

16. For the inversion of cane sugar, 

q2H220,1 + H 2 O -> + C,H,206. 

the rate constant is 2.12 x 10”^ Lmol”' sec”' at 27° C. The 
activation energy of the reaction is 1.07 x 10^ J mol”'. What is 
the rate constant of the reaction at 37° C? 

[Ans. 8.46 L mol”' sec”' ] 

17. From the data given below for the reaction 2^4 + 5 3C at 
298 K, find out the rate law expression for the reaction. 


Expt 

No. 

Ml 

(mol f') 

IB\ 

(molL”') 

^teof 

formation of C 

1. 

0.10 

■0.10 

4.0x10”^ 

2. 

0.30 

0.30 

1.2x10”^ 

3. 

0.10 

0.30 

4.0x10”'* 

4. 

0.20 

0.40 

8.0x10"'* 

[Ans. Rate = A:[/4]] 

What is the rate law expression for the reaction, 

A+B-^Cl 

The following data were collected from the experiments: 

ExpL 

No. 

iBillallxi] 

(moIL”’) 

Initial |.B] 
(molL”’) 

Rate of 

formation of C 

1. 

0.10 

0.10 

4.0x10”'* 

2. 

0,20 

0.20 

3.2x10”^ 

3. 

0.10 

0.20 

1.6 X 10”’ 


[Ans. Rate = A:[.4,][5f ] 


19. The reaction, 

2N2O3 —> 2NO2 O2, 


was studied and the following data were collected: 


Expt. 

No. , 

P1O5I 

(moltr*) 

Rate of disappearance of 

(mol L~’ min ’) 

1. 

1.13x10”’ 

34 X 10”^ 

2. 

0,84x10”’ 

25x 10”’ 

3. 

0.62 x 10”’ 

18x 10”’ 


Determine (i) order the reaction (ii) the rate law and (iii) rate 
constant for the reaction. 

Pint: Let the rate law for the reaction be 
Rate = A:[N 205 ]* 

34xl0”’=k[i.l3xl0”^f 
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20 . 


21 . 


22 . 


23. 


24. 


25x10"* =it[0.84 xl0"^f 

[^jmolL"' 

0.1 

0.1 

0.2 

34x10"* _ [1.13 x l0“*f 

[fi] mol L"' 

0.2 

0.4 

0.2 

25x10"* " [0.84 X 10"*]'' 

Rate mol L"'s"' 

4x10“ 

16 x 10 “ 

00 

X 

0 

4!>- 

1.36 = [1.345]^ 

[Ans. Order of the reaction 

= 3, * = 1.0x10 

^ mol 


or 


x=l 

Order of the reaction is 1. Rate law = 

A-S 


k=- 


Rate 34x10 -- .-3 --i- 


[N 2 O 5 ] 1.13x10 

For the reaction. 


.-2 


= 30.08x10'^ min-*] 


25. The data given in the following table pertain to the reaction, 
2A+B-^C. 

Determine the form of the rate equation and the value of the 
rate constant. 


2NO + 2 H 2 ^ N 2 + 2 H 2 O, 


the following kinetic data were obtained: 


Expt 

No. 

[H 2 I 

(molL"') 

[NOl 
(mol L * ) 

Rate of reaction 
(mol IT* s”') 

1. 

0.12 

0.12 

0.25 X 10"“ 

2 . ■ 

■ 0.12 

0.24 

1 . 0 x 10 "“ 

. 3. . , 

0.24 

0.24 

2.0 X 10"^ 

Determine the rate law and the rate constant. 

[Ans. Rate = ^[Hj ][NOf; * = 1.45 x 10"* L* nrol"* s"’ ] 

Fill in the blanks in the following table which treats reaction of 
a compound .4 with a compound B, that is of the first order 
with respect to A and zero order with respect to B: 

Ixpt- 
■ - No. ■ 

1^1 

(mol L“‘) 

[B] 

(mol L *) 

Initial rate 
(mol IT* s"“) 

1 . 

O.l 

0.1 

2.0 X 10"* 

2 . 


0.2 

4.0 X .10"* 

3. 

0.4 

0.4 


4. ■ 


0.2 

2 . 0 x 10 "* 


[Ans. (2) [A ] = 0.2 mol L ' 

(3) Rate = 8.0 x 10"^ mol s^‘ 


(4) [.l]=0.1molL"'] 

The reaction 2NO + 02 ^ 2 NO 2 , follows the rate law 
= [O 2 ]. What is the order of the reaction? If 

k = 2.Qx 10 "* mol"^. I? s"’, what is the rate of the reaction 
when [NO] = 0.04 mol LT* and [O 2 ] = 0.2 mol L"' ? 

[Ans. Order of the reaction = 3; 

Rate =6.4x10"'® mol L"'s"‘] 

From the following data of initial concentrations and rates, 
calculate the order of reaction aA Products; and its -rate 
constant. 

[^]molL-‘ 0.1 0.2 0.4 

Rate mol L"'s“' 9x W"* 36x10"* 144x10"* 

[Ans. Order of reaction = 2; 

Rate constant = 9.0 x 10"* mol"' L s"'] 

For a reaction oA + bB mM + , the rate of reaction is 

given as ^[v4f [5]^. 

Calculate the order of the reaction and the rate constant from 
the given initial concentrations and the corresponding rates. 


Expl 

Initial concentration 
(molL*) 

Initial rate 


m T 

1^1 . 


1 . 

1 x 10 "* 

1 x 10 '* 

,7xi(r^. 

2 . 

1 x 10 '* 

2 x 10 "* 

14 X io"®::Cr 

3. 

1 x 10 "* 

3 X 10"* 

21 x 10 "® 

4. 

2 x 10 "* 

3x10"* 

84 X 10"® 


[Ans. Rate = *[^]^[B];/c =7x10*1 


26. The following initial rate data were obtained for the reaction: 


2 NO{g)+Br 2 (g)^ 2 NOBr(g) 


Rnn 

\NO]fM 

[Brjl/M 

Rate/M min “ 

1 . 

1.0 

1.0 

.L30x 10"* 

2 . 

2.0 

1.0 

5.20x10"* 

3. 

4.0 

• 2.0 

4.16x10"* 


Determine the reaction rate law and the value of the rate 
constant. (Dhanbad 1992) 

[Ans. - — = A:[NO]^[Br 2 ]; K = 1.30 x 10"* mol"^ L* s"' ] 
dt 


11. The data below are for the reaction of NO and Clj to form 


NOClat295 K. 


Expl 

, . No. ■ 

rci^i 

(mol IT*) 

■ por 
(mtd I7“) 

Iiutial rate 
(mol IT* s '“) 

1 . *■ 

'■ 0.05 

0.05 

I.OxlO"* 

2 . 

0.15 

0.05 

3.0x10"* 

3. 

0.05 

0.15 

9.0 X 10"*- 

(a) What is the order w.r.t. NO and CI 2 

in the reaction? 


(b) Write the rate expression. 

(c) Calculate the rate constant. 

(d) Determine the reaction rate when concentrations of Clj 
and NO are 0.2 M and 0.4 M respectively. (IIT1993) 

[Ans. (a) Order w.r.t. NO = 2; order w.r.t. CI 2 = 1 

(b) Rate expression, r = ^[NO] *[Cl 2 ] 

(c) k = 8.0 L* mol”^ s"' 

(d) Rate = 0.256 mol r's"'] 


4 ^ 
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28. 


.29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


In the hydrolysis of propyl acetate in presence of dilute HCl in 
aqueous solution, the following data were recorded: 

Time from start (in minute) 60 350 

% of ester decomposed 18.17 69.12 

Calculate the rate constant of decomposition and time in 
which half of the ester was decomposed. 

[Ans. 3.34 x lO"^ min“’; 207.6 min] 

In a first order reaction the concentration of the reactant is 
reduced to one-fourth of its initial value in 50 seconds. 
Calculate the rate constant of the reaction. 

[Ans. 2,77 X 10-^ s"'] 

For a first order reaction, the rate constant is 0.1 s“'. How 
much time will it take to reduce the concentration from initial 
value of 0.6 mol L'' to 0.06 mol L~' ? 


[Ans. 23.0 second] 

A substance decomposes following first order reaction. If the 
half life period of the reaction is 35 minutes, what is the rate 
constant of this reaction? 

[Ans. 1,98 X 10“^ min"'] 

For a certain first order reaction, it takes 5 minutes for the 
initial concentration of 0.6 mol L"' to become 0.2 mol L"*. 


What is the rate constant for this reaction? [log 3 = 0.4771], 
[Ans. 0.2197 min"'] 


Find the two-thirds life (f 2 / 3 ) of a first order reaction in which 
k = 5.48 X 10"' sec"' (log 3 = 0.4771; log 2 = 0.3010). 

[Ans. 2.005 s] 


[Hint: 


%3 


2.303 , 

= -y™ logjo 



A first order reaction has a specific rate of 10 ^ sec"'. How 
much time will it take from 10 g of the reactant to reduce to 
7.5 g (log 2 = 0.3010; log 4 =0,6020and log 6 = 0.7782)? 


[Ans. 287.7 s] 

In a reaction 5 g ethyl acetate is hydrolysed per litre in 
presence of dilute HCl in 300 min. If the reaction is of first 
order and initial concentration is 22 g per litre, calculate the 
rate constant for the reaction. 

[Ans. k = 8.59 x 10"'* min"' ] 


Calculate the half life of the reaction A —> 5, when the initial 
concentration of A is 0.01 moi L"* and initial rate is 0.00352 
mol L”' min . The reaction is of the first order. 


[Ans. 1.969 min] 

dx 

[Hint: Evaluate ^ from—■ = A:[.4]] 
dt 

In a reaction, A ^ 5 -i- C, the following data were obtained: 
fin seconds 0 900 1800 

Concentration of A 50.8 19.7 7.62 

Prove that it is a first order reaction. 

[Hint: Calculate the value of k in both cases by using first order 
equation.] 

The first order reaction has ^:= 1.5x10"'’ per second at 
200° C. If the reaction is allowed to run for 10 hours at the 
same temperature, what percentage of the initial concentration 


would have changed into the product? What is the half life 
period of this reaction? 

[Ans. f |/2 = 128.3 hours; 5.27%] 

39. A first order reaction is 20% completed in 10 minutes. 
Calculate (i) the specific rate constant of the reaction and (ii) 
the time taken for the reaction to go to 75% completion. 

[Ans. k = 2.232 x 10"" min"'; t = 62.12 min] 

40. The rate constant of a reaction with respect to reactant ^4 is 6 
min"'. If we start with [A] = O.Ssnol L"' , when would [A] 
reach the value of 0.08 mol L”‘ ? « 

[Ans. 0.3838 min] 

41. What will be the initial rate of a reaction if the rate constant is 

10”'' min"' and the concentration is 0.2 mol dm"° ? How much 
of the reactant will be converted into the product in 200 
minutes? ''' 

[Ans. Initial rate = 2x10"’' mol L"' s"'; 0.036 mol] 

42. A substance A decomposes by the first order reaction. Starting 

initially with [,4] = 2.00M, after 200 minutes [A] = 0.25 
For this reaction what is f] / j and k ? .' i : 

[Ans. tyi = 66.66 min, k = 0.01039 min"' ] 

43. The specific rate constant for the concentration of H 2 and I, to 
form HI is 0.0234 mol"' Ls"' at400°Cand750mol"' Ls ' at 
500° C. Calculate the activation energy of the reaction. 

ICtL (Gih:::'! 

[Ans. 107.9 kcal] 

44. For a certain reaction it takes 10 minutes for the initial 
concentration of 2.0 mol L"' to become 1.0 mol L"' and 
another 10 minutes to become 0.5 iix)l L”'. Calculate tlie rate 
constant of the reaction. 

[Ans. 0.0693 min"'] 

45. The catalytic decomposition of HjOj was studied by titrating 
it at different intervals with KMn 04 and the following data 
were obtained: 

f (seconds) 0 600 1200 

FofKMn04(mL) 22.8 13.8 8.3 

Calculate the velocity constant for the reaction assuming it to 
..be a first order reaction. 

[Ans. 8.4xl0"'*s"'] 

[Hint: Volume of KMn 04 used oe concentration of H 2 O 2 

„ , 2.303, Fo, 

Hence, A=—— logig.^] 

46. The half life of a first order reaction is 10 seconds. Calculate 
the time for completion of 99.9% of the reaction. 

[Ans. 99.7 sec = 100 sec] 

47. A first order reaction is 40% complete after 8 min. How long 
will it take before it is 90% complete? What is the value of the 
rate constant? 

[Ans. i = 0.06386 min"'; t= 36.06 min] 

48. The reaction SO 2 CI 2 —> SO 2 + CI 2 , is a first order gas 
reaction with k = 2.2x 10"^ s"' at 573 K. What per cent of 
SO 2 CI 2 is decomposed on heating at 573 K for 90 min? 

[Ans. 11.2] 
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49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 

57. 

58. 

59. 


The decomposition of AB{gA{g) + B{g), is first order 
reaction with a rate constant k = 4x 10“'' s“' at 318 K. If AB 


has 26664.5 Pa pressure at the initial stage, what will be the 
partial pressure of AB after half an hour? 

[Ans. 12981.7 Pa] 

In the first order reaction A{g)-A B(g) + C{g), the initial 
pressure of ^ is 11200 Pa and the total pressure at the end of 
16 minutes is 14667 Pa. Calculate the half life period of 
reaction. 

[Ans. 30 min] 

It was found that a solution of cane sugar was hydrolysed to 
the extent of 25% in 1 hr. Calculate the time taken for the 
sugar to be 50% hydrolysed assuming that the reaction is of 
first order. 

[Ans. 2,408 hours] 

A reaction is 20% complete in 20 minutes. How long will it 
take for 80% completion if the order of reaction is (a) zero and 
(b) one? 

[Ans. (a) 80. minutes (b) 144.27 minutes] 

A second order reaction where a = b is 20% completed in 500 


seconds. How long will the reaction take to be 60% complete? 
[Hint: Apply 

, X 20 


ta(ii"-x) 500 [100 X (100-20)] 200000 

60 60 X 200000 


mol ' L s ' 


t = - 


A X 100 X 40 


100x40 


3000 seconds] 


At a certain temperature, the half life periods of a reaction at 
different initial pressures were as follows: 
p(kPa) 100 66.67 33.33 

t(min) 105 235 950 

Find out the order of the reaction. 


[Ans. 3] 

The time for half change for a gaseous reaction was measured 
for various initial pressures and the following data were 
obtained: 

p (kPa) 26.6 40 53.3 

/(min) 150 99.8 75.3 

Find out the order of the reaction. 


[Ans. 2] 

Show that for a fii-st order reaction the time required for 99% 
completion is twice the time required for the completion of 
90% of the reaction. 

Show that for a first order reaction the time required to 
complete 99.9% of the reaction is 10 times that required for 
half the reaction. 

Show that for a first order reaction, the time required for a 
50% reaction is half that for 75% reaction.' 

The decomposition of an aqueous solution of ammonium 
nitrite was studied. The , volume of nitrogen gas collected at 
different intervals of time was as follows; 

Time (minutis) 10 15 20 

Vol. ofN, (mL) 6.25 9.00 11.40 35.05 • 

From the above data prove that the reaction is of the first order. 
[Hint: ]o = volume of nitrogen at "x* = 35.05 


[Al = V^-V, ;■ 

, 2.303 , 35.05 

k = -log- 

10 (35.05-6.25) 


0,0196 


when /= 15, A: = 0.0198 
when / = 20, k = 0.0196] 

60. Optical rotation of sucrose in-1 N HCl at various times was 
found as shown below: 

Time (sec) 0 7.18 18.0 27.05 

Rotation (deg) + 24.09 + 21.7 + 17.7 +15.0 -10.74 

Show that the inversion of sucrose is a first order reaction. 
[Hint: Initial concentration, [.4 ]g = 

At time/, lA],=r/-r„ 

A: = 11 . 8 xl 0 '^s”'] 


61. The rate law for the decomposition of gaseous N 2 O 5 
NjOj -+ 2NO2 + ^^©2 
is observed to be: 

^NjOs]., 


dt 




A reaction mechanism which has been suggested to be 
consistent with this is: 


K 


N205^ 

NO 2 + NO 3 

(fast) 

NO 2 + NO 3 - 

*1 

-^ NO 2 + NO + O 2 

(slow) 

NO + NO 3 • 

*2 

->2N02 

(fast) 


Show that the mechanism is consistent with the observed law. 
[Hint: r = jt|[N 02 ][N 03 ], 

or [NO,] = ^^[M 5 j 
[N 2 O 5 ] [NO 2 ] 

. r = ;t,A[N 205 ] = ^N, 03 ]] 

62. Write the overall reaction and the rate law equation from the 
following elementary steps; 

NO + Br2 NOBr2 
NOBrj + NO -+ 2NOBr 

[Hint: Adding both the steps, we get overall reac:'m, 

2NO + Brj -> 2NOBr. 

The second step is slow and, therefore, a rate determining step. 
r = Jt'[NOBr 2 ][NO] 

K= or [NOBr 2 ] = .^[NO][Br,] 

[NO][Br 2 ] 

r = l:'/C[NOf[Br 2 ]] 

63. The reaction, 2NO + O, —> 2 NO 2 proceeds in two steps. If 
one elementary reaction is NO + O 2 —> NO 3 , write the second 
elementary reaction. Write the rate law of the reaction. 

, [Ans. NO + NO 3 -+ 2 NO 2 , rate = k[NO] ^ [Oj ] ] 

64. At380°C,thehalflifeperiodforthefirstorderdecomposition 

of H 2 O 2 is 360 min. The energy of activation of the reaction is 
.200 kJ mol"'. Calculate the time required for 75% 
decomposition at 450° C. (OT 1995) 

[Ans. 20.39 min] 

65. Calculate the average rate of decomposition of N 2 O 5 by the 
reaction, 

2N205(g)-+4N02(g)+ 02 (g). 

■ During the time interval -from / = 600 s to / = 1200 s using the 
following data: 


when / = 10 , 
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Time [NjOsl 

600 s 1.24 X 10"^ M 

1200 s 0.93 X 10'^ M 

[Ans. 5.166xlO^®M s"'] 

66. Consider the diagram for reaction; 

A2 + ^2 2 AB 

(a) Calculate the AH of the reaction. 

(b) Calculate the energy of activation for forward and 
backward reaction. 

(c) The dotted line curve is the path in the presence of a 
catalyst. What is the energy of activation for the 
forward and backward reactions in the presence of the 
catalyst? 



What is the lowering in activation energy in the 
presence of the catalyst? 

(d) Will the catalyst change the extent of the reaction? 

[Ans. (a) AH = -10 kJ / mol; 

(b) = 30 kJ / jnol; 4 = 40 kJ / mol; 

(c) = 10 kJ / mol; £* = 20 kJ / mol; 20 kJ / mol; 

(d) no ] 

67. Temperature coefficient, p. = -25^ of a reaction is 

^25°C 

1.82. Calculate the energy of activation in calories. (R = 1.987 
cal de^ee“* moF*). 

[Ans. 10.924 kcal/mol] 

68 . For first order gaseous reaction, log k when plotted against ^ 

gives a straight line with a slope of -8000. Calculate the 
activation energy of the reaction. 

[Ans. 36.6 kcal] 

69. The rate at 27° C of a chemical reaction increases 1000 times 
when a suitable catalyst is introduced. Calculate the change in 
the energy of activation that the catalyst has brought in. 

[Ans. 4118 cal] 

70. Dehydration of tertiary butyl alcohol follows a first order 
reaction, 

(CHj )3C- OH(g) (CHj >2C= CH 2 ) + H20(^) 

the rate constant at 300° C is 2.27 x 10^* s“‘. Calculate the rate 
constant at 400° C if the energy of activation for the reaction is 
58 kcal. 

[Ans. 4.392x10^^5'*] 


71. Let us consider the following mechanism: 

CH 3 CN + H ^ ^ CH 3 CNH (fast) 

CHjCNH + H 2 O Product (slow) 

What would be the rate law? 

[Ans. Rate = ic[CH3CN][H20][H" ] ] 

TL The thermal isomerization of cyclopropane occurs according 
to the equation: 

CH 2 - CH 2 -> CH 3 ^ CH=CH 2 

CH2 

The specific reaction rate constant for this reaction at 499° C 
was 5.95 X 10'“* sec”’. What is the half life of the reaction? 
What fraction of the cyclopropane will remain after 1 hour at 
499.5° C? 

[Ans. 1165 s; 11.7%] 

73. A substance ‘A' was found to undergo two parallel first order 
reactions, 

j A —^ 5 and A —> C , 

with rate constants 1.26x 10”^ s”' and 3.8 x lO”"’ s‘* respec¬ 
tively. What were the percentage distributions of B and C ? 
[Ans, 76.83% of £ and 23.17% of C ] 

74. Two reactions proceed at 25° C at the same rate; the 
temperature coefficient of the rate of the first reaction is 2 and 
that of the socond reaction is 2.5. Find the ratio of rates of 
these reactions at 95° C. 

[Ans. 5 times] 

75. The population of India in the year 1988 was 800 million. 
Growth rate is 25 per thousand per year. What will be the 
population in the year 2000 if the growth follows first order 
kinetics? 

[Ans. 1075 million] 

76. Half lives against initial pressure are given below. Calculate 
the order of the reaction. 

p{mm) 750 500 250 

t(min) 105 235 950 

Find out the order of the reaction. 

[Aos. 3] 

77 . For a given reaction at temperature T, the velocity constant k, 
is expressed as; 

k = (k' = Boltzmami constant) 

Given, R-2 cal K”’ moF*. Calculate the value of energy of 
activation. Comment on the results, 

[Ans. £ = 18x10”^° cal] 

[Hint; Compare the equation with Arrhenius equation 

k = ... (i) 

k = ... (ii) 

4 _ 2700011^ 

RT~ T 
£„ =27000£A' 

= 27000£xA = ^ZW^ 

N 6.023 X 10" 
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= 18xir-®cal 

Activation energy is low, therefore reaction will be fast.] 

78.' If the activation energy of a reaction is 80.9 kJ mol”’, calculate 
' the fraction of molecules at 400°C which have enough energy 
. to react to form the products. 

" [Ans. 5.257x 10”''] 

■■ -[Hint; Fraction of total molecules which are active at a 
temperature is given as, 




A ^ 
k -F 

log- =-^ 

A 2303 RT 


A 


■■ antilog 




79. 


.2303RT) 

Substituting the values of E and T we can solve the problem.] 

' The following data were obtained for a given reaction at 

:300,K;-.. ... I . 

Reaction Energy of activation (kJ/iuol) 

1. Uncatalysed 76 

2. Catalysed 57 

Calculate by what factor the rate of catalysed reaction is 
increased? 

[Ans. 2000] 


[Hint: Use: 


: antilog I - 


hE 1 


80. 


{2303RT) 

■ kp = rate constant in presence of catalyst 
rate constant in absence of catalyst 
AS = 76- 57 = 19 kJ/mol] 

The Arrhenius equations, for cis-trans isomerization of 
but-2-ene (CHj — CH=CH— CHj )and but-2-ene, 1-nitrile 
(CHj — CH= CH — CM) are, 

*(s”')= lO”* * exp (-263.5 kJ moF’/i?r ) 


k (s”') = lO” exp (-214.5 kJ mol”' / RT) 

Calculate the temperature at which k = k 
[Ans. 914 K] 

The half life for a reaction between fixed concentration of 
reactants varies with temperature as follows: 
t°C . 520 533 555 

.r,/ 2 sec 1288 813 562 

Calculate the activation energy of this reaction. 

[Ans. 86.47 kJmor‘1 


81. 


574 

477' 


■'[Hint: Use: log 


log 


^1 


2.303i? I J, 


' I ■ 


^2 = 0.693 / % 
k. =0.693 It, 


‘2J 


2303R T, 


1 


82. What percentage of reactant molecules will crossover the 
‘ .i : "energy barrier at 325 K? Heat of reaction is 0.12 kcal and 
activation energy of backward reaction is 0.02 kcal. 


83. 


84. 


[Hint: Activation energy of forward reaction = 0.12 - 0.02 

= 0.10 kcal 

Fraction of molecules which are active 
or which crossover the energy barrier I —^ 


log. 


A 


a) 

- antilog 


E 

RT 


-E 


= antilog 


2.303 i?r_ 

-0.10x1000 
2.303 X 2 X 325 


= antilog [-0.06680] =0.8574 

.•. Percentage of reactant molecules crossing over the barrier 
= 0.8574 x100= 85,74] 

In a milk at 37°C Lactobacillus acidophillus has a generation 
time of about 75 minutes. Calculate the population relative to 
the initial value at 30, 60, 75, 90 and 150 minutes. 

[Ans. fn,i„ 30 60 75 90 

N/Nq 1.32 1,74 2 2.30] 

[Hint: In the case of population growth we have to use growth 
kinetics. 

, 2.303 , 

-k = —-log 


^a + X ) 

a = initial population 
X = growth in population in time ‘ f 
Here,iVo = o; N=a+x] 

Two reactions of same order have equal pre-exponential 
factors but their activation energies differ by 41.9 J/mol. 
Calculate the ratios between rate constants of these reactions 
at 600 K. 


[Ans. 

[Hint: 


0 . 002 ] 

Use the relation, 


logio k = logio A 
log,o *1 = Iog,o A ■ 


E 


2.303RT 


2.303x 8.314 x600 


■ogio *2 


/I -- 


E-, 


2.303 x 8.314 x600 
-^ 2 = 41.95/mol . 

Subtract eq. (iii) from eq, (ii) to determine the ratio.] 
85. A decomposition reaction has following mechanism 


2 N 2 O 5 ■ 

NjOj; 

NO2 +NO3 - 
NO + NO 3 - 


... (0 

... (ii) 

... (iii) 
... (iv) 

(overall) 


-A 4NO2 + O2 
— NOj + NO 3 (fast decomposition) 
-A NO + NOj + O 2 (slow) 

a2NO, 


(fast) 

Determine rate law, is the mechanism corresponds to first 
order reaction. 

-4N2O5] 2 k,kj 

dt 


[Ans. 


[NjOj] 


86. 


+ ^3 

Rate constant of a reaction changes by 2% by 0.1“C rise in 
temperature at 25°C. The standard heat of reaction is 121 .6 kJ 
mol”'. Calculate of reverse reaction. 

[Ans. 24.7 kJ/raol] 
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log 


logf^l 

\^\J 

1- ^ i 

' 1 



1 2.303R 1 

J, 

TiJ 


102 _ 

E 

f 1 


1 


00 2.303x 8.314 1,298 298. ly 

E= 1.463x 10^ J/mol = 146.3 kJ./mol 
hH=Ej-E^ 

121.6= 146.3 
£(, = 24.7 kJ / mol] 

87. Urea (NH 2 ) 2 CO can be prepared by heating ammonium 
cyanate NH^OCN. 

NH 4 OCN->{NH 2 ) 2 C 0 

The reaction may occur by the following mechanism: 


'1 


NH/ + OCN - NH, + HOCN 

(fast, equilibrium) 


k - 1 
k') 


NHj + HOCN ■ 


->(NH 2 ) 2 C 0 (slow) 

What is rate law predicted by this mechanism? 


[Ans. Rate = -^[NHJ ][OCN^ ]=/l-[NH 4 ]^[OCN-]-] 
k “ 1 

88 . For the reaction N 2 (g)+SlHlg)--> 2 NH 3 (g), under 

certain conditions of pressure and temperature of the reactants, 
the rate of fonnation of NH 3 is 0.001 kg hr”’. Calculate the 
rate of reaction for N, and H,. 


[Ans. 

[Hint; 


1.76 X 10“' kg hr”'] 


4N2]_ 1 4H2] , 1 4NH3] 

1> dt 2 


= 0.001 kg hr 


dt 

4 NH 3 
dt 

= 0,058 mol hr 
-4N2] 1 


dt 

0.001 X 1000 
17 


mol hr" 


dt 


Similarly, - 


■ X 0.058 mol hr" 

2 

= 0.029 mol hr"’ 

= 0,029 X 28 X 10”^ kg hr”' 
= 8 . 12 x 10 "'’ kg hr”’ 


dt 


’1.76x10^ kglir‘-‘] 



Objective Questions 


Set-1: Questions with single correct answer 

1 . Chemical kinetics, a branch of physical chemistry, deals with: 

(a) heat changes in a reaction 

(b) physical changes in a reaction 

(c) fates of reactions 

(d) structure of molecules 

2. The rate at which a substance reacts depends upon its: 

(a) atomic mass (b) equivalent mass 

(c) molecular mass (d) active mass 

3. The rate of a chemical reaction: 

(a) increases as the reaction proceeds 

(b) decreases as the reaction proceeds 

(c) may increase or decrease during the reaction 

(d) remains constant as the reaction proceeds 

4. For the reaction, Nj + SHj -> 2 NH 3 , rate is expressed as: 

■ 3 dm,] _ 3 dm,] 

^ dt dt 2 dt 

(b) 4 N 2 ] _ 1 </[H 2 ] _ 1 J[NH 3 j 

^ dt 3 dt 2 di 

(c) = = 

dt dt dt 

4 N 2 ] _ 4 H 2 ] _ ^[NH 3 ] 

dt dt dt 

5. For the reaction, 2 NO 2 -> 2NO + O 2 , rate is expressed as: 

^ 1 ^'[NO,] _ 1 rf[NO] _ ^[ 02 ] 

2 dt 2 dt dt 

(b) i <^[N02 ] i d[m] _d[0,] 

2 dt 2 dt dt 


, , 2t/[N02] _ 2J[NO] _ tf[02] , 

dt ~ dt ~ dt 
diNOj] _ dim] _ d[o,] 
dt ' dt dt 

6 . The rate of reaction that does not involve gases, is not 
• dependent on; 

(a) pressure (b) temperature 

(c) concentration (d) catalyst 

7. For the reaction, A + B -> 2C + D, which one is * the 

incorrect statement? 

(a) Rate of disappearance of A = Rate of disappearance of B 

(b) Rate of disappearance of .4 = Rate of appearance of D 

(c) Rate of disappearance of R = 2 x rate of app.wance of C 

(d) Rate of disappearance of 5 = - x rate of appearance of C 


8 . 


9. 


10 . 


In a reaction, 2 A 2 + B^ - > 2 A 2 B, the reactant A will 

disappear at: 

(a) half the rate that B will decrease 

(b) the same rate that B will decrease 

(c) double the rate that A 2 B will form 

(d) twice the rate that B will decrease 

In the reaction 3A 2B, rate of reaction + is equal to: 

dt 


(a) 


d{A] 


(b) 


3 dt 
For the reaction, 
1 c7[NO], 


[JEE (WB) 20081 

3 d{A] . 

’ 2 dt:^ 

> Nj + Oj, the expression 


2 M(c) ^2^ (d) 
3 dt dt 


2NO- 


2 dt 


-represents; 
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(a) the rate of formation of NO 

(b) the average rate of the reaction 

(c) the instantaneous rate of the reaction 

(d) all of the above 

dx 

ill. The term-in the rate expression refers to the: 

(it 

(a) instantaneous rate of reaction 

(b) aver age rate of reaction 

(c) increase in the concentration of reactants 

(d) 'concentration of reactants 

!f2. According to collision theory of reaction rates: 

(a) every collision between reactant molecules leads to a 
chemical reaction 

(b) rate of reaction is proportional to the velocity of the molecules 

(c) rate of reaction is proportional to the average energy of the 
molecules 

(d) rate of reaction is proportional to the number of collisions 
per second 

tlB. According to collision theory: 

(a) all collisions are sufficiently violent 

(b) all collisions are responsible for product fonnation 

(c) all collisions are effective 

(d) only a fraction of collisions are effective' which have 
enough energy to form products 

IW. Which of the following has been used to explain the subject of 
chemical kinetics? 

(a) Collision theory of bimolecular reactions 

(b) The activated complex theory 

(c) Arrhenius equation 

(d) All of the above 

US. The activation energy for a chemical reaction depends upon: 

(a) temperature 

(b) nature of reacting species 

(c) concentration of the reacting species 

(d) collision frequency 

a®. In a reaction, the threshold energy is equal to: 

(a) activation energy + normal energy of reactants 

(b) activation energy - normal energy of reactants 

(c) normal energy of reactants - activation energy 

(d) average kinetic energy of molecules of reactants 

a?.. The influence of temperature on the rate of reaction is 
determined by: 

(a) Nem.st’s equation (b) Gibbs-Helmholtz equation 

(c) Arrhenius equation (d) van’t Hoff equation 
as. According to the collision tlieory of reaction rates, the rate of 
reaction increases with temperature due to: 

(a) greater number of collisions 

(b) higher velocity of reacting molecules 

(c) greater number of molecules having the activation energy 

(d) decrease in the activation energy 

IS. The temperature coefficient of a reaction is: 

(a) ratio of rate constants at two temperatures differing by 1°C 

(b) ratio of rate constants at temperature 35°C and 25°C 

(c) ratio of rate constants at temperature 30°C and 25°C 

(d) specific reaction rate at 25° 


M. In general, with every iO°C rise in temperature, the rate of 

reaction becomes approximately. 

(a) ten times (b) double 

(c) half (d) one tenth 

21, Activation energy of the reaction is: 

(a) the energy released during the reaction 

(b) the energy evolved when activated complex is formed 

(c) minimum amount of energy needed to overcome the 
potential barrier 

(d) the energy needed to form one mole of the product 

22. The temperature coefficient of most of the reactions lies 
between: 

(a) 2 and 3 (b) 1 and 2 

(c) 2 and 4 (d) 3 and 4 

.23. According to Arrhenius equation, rate constant of a chemical 
reaction is equal to: 

(a) (b) 

(c) (d) 

24. The correct expression for An’heniu'' ‘ .ne 

effect of temperature on the rate constant is (Ti > Tj): 


(a) log|o^ = 


(b) log, 


(c) log,o 


^1 

^'1 

A, 


■2,303i? 
R 




2.303£„ 




io. 

R 


T-, 




(d) log.o 


2.303?{ 


TzT, 


K. In order to react, a molecule, at the time of collision, must 
possess a certain amount of energy known as: 

(a) free energy (b) kinetic energy 

(c) threshold energy (d) internal energy 

2S. The activation energy of a reaction is zero. The rate constant 
of the reaction: iCE F * Fh.) 1^41 * 

(a) increases with increase of temperature 

(b) decreases with decrease of temperature 

(c) decreases with increase of temperature 

(d) is nearly independent of temperature 

22. The activation energy of a reaction can be lowered by: 

(a) using a positive catalyst 

(b) increasing temperature 

(c) decreasing temperature 

(d) increasing concentration of the reactants 

2S. The activation energy for a hypothetical reaction A -> Product 

is 12.49 kcal/mol. If temperature is raised ikim 295 to 305, the rate 
of reaction increases by: 


(a) 60% (b) 100% 

(c) 50% (d) 20% 

2®. The plot between concentration versus time for a zero order 
reaction is represented by: i AMT fFngii.; Iff?®; 
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30. The rate of reaction increases with rise in temperature because 

of; [Corned (Karnataka) 200S| 

(a) increase in the number of activated molecules 

(b) increase in the activation energy 

(c) decrease in the activation energy 

(d) increase in the number of molecular collisions 

31. Which of the following is a first order reaction? 

(a) 2 H 1 -> H, + I, (b) 2 NO 2 -> 2 NO + 0 , 

(c) 2NO + O, 2 NO 2 (d) NH 4 NO 2 -> N, + 2 H 2 O 

32. Which one of the following is not a first order reaction? 

H* 

(a) CH 3 COOCH 3 + HjO-> CH 3 COOH+ CH 3 OH 

(b) CH 3 COOC 2 H 5 + NaOH-^ CH 3 COONa + CjHjOH 

(c) 2 H 2 O 2 -> 2 H 2 O + O, 

fd) 2 N 2 O 5 -> 4 NO 2 + O 2 

33. Rate expression of a chemical change is.- — = k[A ]^[R][C]®. 

dt 

The order of reaction is: 

(a) 3 (b) 2 (c) 1 (d) zero 

34. For a reaction, 2^+5 -> C + D, the concentration of B is 

kept constant and that of A is tripled the new rate of reaction 
will be: 

(a) nine times (b) three times 

(c) same (d) zero «- 

35. The rate of the reaction, A + B + C -^ Products, is given by 

dt 

The order of the reaction is: 

(a) 1/2 (b) 13/12 

(c) 1 (d) 2 ' 

36. Which of the following rate laws has an overall order of 0.5 
for the reaction involving substances x, y and z? 

(a) Rate = *[C,][C,,][CJ 

(b) Rate=^[C,f5[CJ«'[C,f' 

(c) Rate=;fc[Cj'-’[C^r'[Qf 

(d) Rate = k[CJ[C3,r"[CJ« 

37. If the rate of reaction between A and B is given by rate 
= /:[ ,4] [5]^, then the reaction is: 


(a) first order in .4 (b) .second order in S 

(c) third order overall (d) all are coirect 

38. For the reaction A -> B, the rate of reaction is quardrupled 

when the concentration of A is doubled; the rate of the 
reaction is r = k[Af-, the value of n is; 

(a) 1 (b) zero (c) 3 (d) 2 

39. Select the rate law that corresponds to the data shown for the 

following reaction: A + B - y 'c (CBaE 1994) 


Expt. No. 

[^lo 

Plo 

Initial rate 

1 . 

0.012 

0.035 

0.10 

2 . 

0.024 

0.070 

0.80 

3. . 

0.024 

0.035 

0.10 

4. 

0.012 

0.070 

0.80 


(a) rate==k[Bf (b) rate = ^[5]“ 

(c) rate = ^[^][Sf (d) rate = A:[ylf[Bf 


40. For a chemical reaction, A -> E, it is found that rate of 

reaction is doubled when the concentration of A is increased 
four times. The order of the reaction is; 

(a) 1 (b) 2 

(c) 1/2 (d) zero 

41. The rate of reaction, A + B -> Products, is given by the 

equation, r= k[A][B]. If B is taken in large excess, the order 
of reaction would be: (BIT 1992) 

(a) 2 . (b) I 

(c) zero (d) unpredictable 

42. The rate of reaction between A and B increases by a factor of 
100, when the concentration of A is increased 10 folds. The 
order of reaction with respect to A is: 

(a) 10 (b) 2 (c) I (d) 20 , . 

43. The rate law for the reaction, ■ 

RCl + NaOH(a?.)-> ROH + NaCl 

is given by, Rate = i[RCl]. The rate of reaction will be: 

(a) unaffected by increasing temperature of the reaction 

(b) doubled on doubling the concentration of NaOH 

(c) halved on reducing the concentration of NaOff to one half 

(d) halved on reducing the concentration of i?Cl to one half 

44. A zero order reaction is one: 

(a) in which reactants do not react 

(b) in which one of the reactants is in large excess 

(c) whose rate is uniform and not affected by time 

(d) whose rate increases with time 

45. The rates of a certain reaction at different time intervals are as 
follows; 

Tune (second) 0 10 20 

Rate 1.8x10'^ 1.82x10"^ 1.79x10“^ mol U's"' 

The reaction is of: 

(a) zero order (b) first order 

(c) second order (d) third order 

46. For which of the following, the units of rate and rate constant 
of the reaction are identical? 

(a) First order reaction (b) Zero order reaction 
(c) Second order reaction (d) Fractional order reaction 
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47. The unit of rate constant for a zero order reaction is: 

(a) moltime“‘ (b) Ltime^' 

(c) mol C' time"' (d) L mol"' time"' 

48. For a zero order reaction: (EAMCE F ; 990) 

1 2 ' 1 

(a) oc fl (b) ty 2 - (c) ti /2 a (d) ty 2 « ^ 

a a 

49. The rate of the first order reaction, A -^Products, is 

7.5 X 10"'* mol L"' s"', when the concentiadon of A is 0.2 mol 
L"'. The rate constant of the reaction is; 


(a) 2.5x10"'' s" 
(c) 6 . 0 xl 0 "'*s" 


(b) 8.0 X lO"" 
(d) 3.75 X Iff 


-3 


50. If the concentration is expressed in mole per litre and time in 

second, the units of rate constant for a first order reaction is; 
(a) mol L"' sec"' (b) sec"' 

(c) molL"' (d) mol"' 

51. 'Which one of the following formula represents a first order 

reaction? 

1 X 


2.303, [A], 

(a) k =-log ^ 

t [^]o 

(c) k = -log- 


(b) k = 

t a{a - x) 

... , 2.303 , a 

(d) k = -- log - 

t ■ X 


52. 75% of a first order reaction was completed in 32 minute; 
when was 50% of the reaction completed? 

(a) 4 min (b) 8 min (c) 24 riiin (d) 16 min 

53. The first order rate constant for the decomposition of NjOj is 
6.2 X 10"'* s"'. The half life period for this decomposition is: 

(MLNR i99i) 

(a) 1117.7 s (b) 1117 s (c) 223.4 s (d) 160.9 s 

54. The half life period of a first order reaction is: 

0.693 ,,, 0.693 ,, 0.693 ,,, 0.693 


(a) 


(b) 


(c) 


(d) 


a k t ak 

55. The specific rate constant of a first order reaction depends on: 

(a) concentration of the reactants 

(b) concentration of the products 

(c) time 

(d) temperature 

56. For a given reaction of first order, it takes 20 minutes for the 
concentration to-drop from 1.0 M to 0.6 M The time required 
for the concentration to drop, from 0.6 M to 0.36 A/will be; 

(a) more than 20 minutes (b) less than 20 minutes 

(c) equal to 20 minutes (d) infinity 

57. For the first order reaction A -> Product, the half life is 200 

seconds. The rate constant of the reaction is: 

(a) 3.46 X 10"^ s~' (b) 3.46 x lO" s"' 

(c) 3.46 X lO"'* s"' (d) 3.46x10"^ s"' 

58. The following data were obtained for the thermal 
decomposition of nitrous oxide on finely divided gold: 

t (minutes) 0 20 40 60 80 

Concentration of N 2 O (mol L ') 0.10 0.08 0.06 0.04 0.02 
The order of reaction is: 

(a) zero (b) 1 (c) 2 (d) 3 


59. The following data are for the decomposition of ammonium 
nitrite in aqueous solution; 

Vol. of N 2 incm^ 6.25 9.0 11.42 13.65 35.02 


Time (min) 10 15 

The order of reaction is: 

(a) 3 (b) 2 (c) 1 

[Hint: u = 35.02, (a-x) = 35.02-F, 

2.303, 35.02 , 


20 


25 


(d) zero 


Apply, k 


■ log- 


t - (35.02-F,) 

60. In the first order reaction, the concentration of reactant 
decreases from 1.0 M to 0.25 M in 20 minutes. The value of 
specific rate is: 

(a) 69.32 , (b) 6.932 (c) 0.6932 (d) 0.06932 

61. The half life period of a first order reaction is 10 minutes. The 

time required for the concentration of the reactant to change 
from 0.08 Mto 0.02 Mis: CUT i99ff; 

(a) 10 min (b) 20 min (c) 30 min (d) 40 min 

62. The rate constant for the hydrolysis reaction of an ester by 

dilute acid is 0.693lx 10"^ s"'. The time required to change 
the concentration of ester from 0.04 M to 0.01 M is: • 

(a) 6931 sec (b) 4000 sec 

(c) 2000 sec (d) 1000 sec 

63. The rate of a gaseous reaction is given by the expression 

k[A'\[B\ If the volume of reaction vessel is suddenly reduced 
to one-fourth of the initial volume, the reaction rate relative to 
the original rate will be: (HT 1992) 

(a) 1/16 (b) 1/8 ,(c) 8 . . (d) 16 

64. The velocity of a reaction is doubled for every 10°C rise in 
temperature. If the temperature is raised to 50°C, the reaction 
velocity increases by about: 

(a) 12 times (b) 16 times (c) 32 times (d) 50 times 

dx 

65. If the rate expression for a reaction is — = MAf^lBf^, the 

dt 

overall order of the reaction is; iCEE (Bihar) 1992] 

(a) 2 (b) 1/2 (c) 3/2 (d) 1 

66 . The rates of a certain reaction at different times are as follows: 

Time (second) 0 10 20 30 

Rate 2.8 x 10"^ 2.78 x 10"^2.81 x 10"^2.79 x 10"^ 

(molL"'s"') 

The reaction is of: 

(a) third order (b) second order 

(c) first order (d) zero order 

67. The second order rate constant is usually expressed as: 

(a) mol L"' s"' (b) mol"' L"' s“' 

(c) mol"' Ls“' (d) molLs"' 

68 . The hydrolysis of ethyl acetate is a reaction of: 

H * 

CH 3 COOC 2 H 5 + HjO-r CH 3 COOH+ C 2 H 5 OH 

(a) zero order (b) first order 

(c) second order (d) third order 
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69. The inversion of cane sugar is represented by, 

q A20„ + H,0-> + CgH.jOg 

It is a reaction of; (PMT (MP) 1993] 

(a) second order (b) unimolecular 

(c) pseudo-unimolecular ■ (d) zero order 

70. In a second order reaction, the time needed for the initial 
concentration of the reactant to reduce to half that value is: 

(a) independent of the initial concentration 

(b) proportional to the initial concentration 

(c) inversely proportional to initial concentration 

(d) proportional to the square of the initial concentration 

71. Which of the following statements regarding molecularity of 
the reaction is wrong? 

(a) It may be either whole number or fractional 

(b) It is calculated from the reaction mechanism 

(c) It depends on the rate determining step 

(d) It is number of molecules of reactants taking part in a 
single step chemical reaction 

72. For the reaction, H 2 (g)+ BrjCg)—> 2HBr(g), the reaction 
rate is: 

rate = A:[H2][Br2f" 

Which one of the following statements is true for this 
reaction? 

(a) The reaction is of second order 

(b) The molecularity of the reaction is 3/2 

(c) Theunitofirissec"' 

(d) The molecularity of the reaction is two 

73. Molecularity of the reaction: 

(a) is always a whole number 

(b) is never a whole number 

(c) can have a fractional value 

(d) can be zero 

74. For a single step reaction, A +2B - > Products, the 

molecularity is; 

(a) ..zero (b) three (c) two (d) one 


The hypothetical reaction, 
following mechanism: 

A 2 + 

~~^2AB, follows the 

Ai -* 

>A + A 

(fast) 

A + B 2 -: 

^AB+B 

(slow) 

A + B -: 

>AB 

(fast) 

The order of the overall reaction is; 

lPMT{Pb.) 1991] 

(a) zero (b) 1 

(c) 2 

(d) 3/2 


76. The molecularity of a reaction is; 

(a) same as its order 

(b) different from order 

(c) may be same or different as compared to order 

(d) always zero 

77. The chemical reaction, 2 O 3 -> 3 O 2 proceeds as follows: 

O 3 -> O 2 + O (fast) 

O + O 3 -> 20, (slow) 

The rate law expression should be: 

(a)r=^[ 03 f (b) r=/t[ 03 f[ 02 r‘ 

(c) r = *[ 03 ][ 02 ] (d) r=[ 03 ][ 02 f 




[Hint: r = ;t '[03 ][0] = = ^[© 3 ? [Oj] ^' ] 

LOiJ 

78. Time required to decompose half of the substance for «th 
order reaction is inversely proportional to: 

(a)-a"-*'' (b) a”-' 

(c) (d) a" 

79. What is the order of the reaction which obeys the expression 


(a) Zero (b) Third 

(c) First ■ (d) Second 

80. The order of reaction can be deduced from: 

(a) experiment > (b) chemical equation 

(c) rate constant ' (d) thermochemical equations 

81. The order of a reaction may be determined by: 

(a) differential method (b) initial rate method 

(c) graphical method (d) all of these - 

82. A graph between time (r) and the substance consumed at any 
time is found to be a straight line passing through the origin. 
This indicates that the reaction is of: 

(a) second order (b) first order 

(c) zero order (d) fractional order 

83. A plot of log (a - x) against time ‘r’ is a straight line. This 
indicates that the reaction is of; 

(a) zero order (b) first order 

(c) second order (d) third order 

84. For the reaction N20j{g)-> 2N02(g) + -^02(g), the 

value of rate of disappearance of N 2 OJ is given as 6.25 x 10“^ 
molL^'s*'. The rate of formation of NO 2 and O 2 is given 
respectively as: [CBSE (PMT) 20ilj{ 

(a) 6.25X lO^^mol and 6.25x 10^^molL^'s-' 

(b) L25 X 10"“^mol r‘s“' and 3.125 x 10"^ mol r^s"^ 

(c) &25X lO^Vol L-'s“‘ and 3.125X lO-^mol r’s^' 

(d) I.25xlO-^moirV'and6.25x10-^molL-’s-’ . 


- 4 N 2 O 5 ] 
dt . " 

dt 


I 4 N 2 O 5 ] 

2 dt 

[ - 4 N 2 O 5 ] ] 
I . dt 


: 2x6.25x10" 


= L25xl0"WlL"‘s'' 


dt 


= ix 6.25x10"^ 


= 3.125 xl0"^molL"Vq 

85. The ratio of the time required for 1th of the reaction of first 

order to complete to that required for half of the reaction; 

(a) 4 : 3 (b) 3 : 2 

(c) 2 : 1 (d) 1 : 2 

86 . In pseudo-unimolecular reactions: 

• (a) one of the reactants is .present in large excess 

(b) both the reactants have same concentration 

(c) both the reactants are present in low concentration 

(d) one of the reactants is less reactive 
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87. The reaction, 

2NAte)->4N02(g)+02fe), 

is first order with respect to N 2 O 5 . Which of the following 
graph, would yield a straight line? 

(a) log ) vcriui time with-ve slope 

(b) (PNjOsr' veriKjtime 

(c) (PNj 05 )ver««time 

(d) log ( PnjOs ) versus time with +ve slope 

88 . Consider the following statements : 

(i) increase in concentration of reactant increases the rate of a 
zero order reaction 

(ii) rate constants is equal to collision frequency‘^’ifiij, = 0 

(iii) rate constant A:is equal to collision frequency A if £„ = «> 

(iv) log j A: vj r is a straight line 

(v) log,, A vs 1/r is a straight line 

Correct statement are : fPMT (Kerala) 2010] 

(a) (i) and (iv) (b) (ii) and (v) 

(c) (iii) and (iv) (d) (ii) and (iii) 

(e) (i)and(v) 


89. If we plot a graph between log k and — by Airhenius equation. 


the slope is: 
(a) -EJR 


(b) +EJR (c) 


[EAMCET (Engg.) 2010] 

E„ ,,, E,. 

(d) + 


2.303/? 


2.303/? 


90. The rate of the reaction, 

CCI 3 CHO + NO-> CHCI 3 + NO + CO, 

is given by the equation, rate = A[CCl 3 CHO][NO]. If 
concentration is expressed in mol / litre, the units of k are: 

[PMT(MP) 19931 

(a) moF^ \} (b) mol L^' s“' 

(c) Ln»r's"' (d) s“’ 

91. In a reaction, 24 + B - ¥ AiB, the reactant A will disappear 

at; (PMT{MP) 1993] 

(a) half the rate that B will decrease 

(b) twice the rate that B will decrease 

(c) the same rate that B will decrease 

(d) the same rate that A 28 will form 

92. The rate of the reaction, 2NO + O 2 - ¥ 2 NO 2 , at 25°C is 

0.028 mol U's"*. The experimental rate is given by 

r=A[NO]-[ 02 ] 

If the initial concentrations of the reactants are Oj = 0.040 
mol L"' and NO = 0.01 mol L"*, the rate constant of the 
reaction is: 

(a) 7.0 X 10“^ L mor's^' (b) 7.0 x ]} moP- s^' 

(c) 7.0 X 10^ moF^ s'' (d) 7.0 X 10^ L" moF' s'" 

[Hint: 0.028 = A[0.0lf [0.040]] 

93. For the reaction, 

2NO + CF-»2NOC1, 

the following mechanism has been proposed. 

NO+Clj^^NOCF (fast) 

NOCF+NO->2NOCl (slow) 

The rate law for the reaction is; 


(a) rate = A[NO]^[Cl 2 ] (b) rate = A[NO][Cl 2 ]^ 

(c) rate = ^[NOCF] , (d) rate = A[NOCl]^ 

[Hint: 

rate = k' [NO][NOCli ] = A'/:[NO][NO][Cl 2 ] = ^[NOfp,]] 

94. The rate of a reaction can be increased in general by all the 
following factors except: 

(a) by increasing the temperature 
■ (b) using a suitable catalyst 

(c) by increasing the concentration of reactants 

(d) by an increase in activation energy 

95. How will the rate r= ^[SOjlA] of reaction, 


2SO2 + O2-> 2SO3, 

change if the volume of the reaction vessel is tripled? 


(a). 


It will be -rd of its initial value 
3 


(b) It will be 3 times of its initial value 

(c) Jt will be 9 times of its initial value ■ 


(d) It will be -th of its initial value 
9 


96. Radioactive disintegration is an example of: 

(a) zero order reaction (b) first order reaction 
(c) second order reaction (d) third order reaction 

97. In . the formation of sulphur trioxide by the contact process, 
2 SO 2 + O 2 2 SO 3 , the rate of reaction was measured as 

- flCy = 3.0 X 10'^ mol L'‘ s''. 
dt 


The rate of reaction expressed in terms of SO 3 will be: 

(a) 3.0 X 10"* mol L'' s'' (b) 6.0 x 10"* mol L'* s'" 

(c) 1.5 X 10"* mol L'‘ s'* (d) 4.5 X 10"* mol L * s'* 

98. The rate constant for a first order reaction is 6.909 min'*. 
Therefore, the time required in minutes for the participation of 
75% of the initial reactant is: (PET (J&K) 2009] 

(a) ^log 2 (b) ^log4 (c) .^log 2 (d) ^log4 


99. For the reaction, 

A + 2B - ¥C +D,^^ = k[A][B]^ 

dt 

the expression for will be; 

dt 

(a) 2 AM][Sf (b)lAM][fif 

(c) k{A]{Bf (d) k[A][BI2f 

100. Which of the following statements is not correct for the 
reaction, 

4A+ B ->2C + 2£>? 

(a) The rate of appearance of C is one-half the rate of 
disappearance of B 

(b) The rate of disappearance of B is one-fourth of the rate of 
disappearance of A 

(c) The rate of formation of D is one-half of the rate of 
consumption of A 

(d) The rates of formation of C and D are equal 
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101. The overall rate of a reaction is governed by: 

(a) the rate of the fastest intermediate step 

(b) the sum total of the rates of all the intermediate steps 

(c) the average of the rates of all the intermediate steps 

(d) the rate of the slowest intermediate step 

102. The rate constant of a reaction does not depend upon: 

(a) temperature 

(b) activation energy 

(c) catalyst 

(d) concentration of reactants and products 

103. The half-life period of a first order chemical reaction is 6.93 

minutes. The time required for the completion of 99% of the 
chemical reaction will be : (log 2 = 0.301) (.41EEE 2009) 

(a) 230.3 minutes (b) 23.03 minutes 

(c) 46.06 minutes (d) 460.6 minutes 

104. For the chemical reaction x -> y, it is found that the rate of 

reaction increases 2.25 times when the concentration of x is 
increased 1.5 times. What is the order of reaction? 

(a) One (b) Two (c) Three (d) Zero 

[Hint: r = klx]" and 2.25r = ^[1.5 j:]“ 

So, 2.25 = (1.5)“ or a = 2] 

105. The half life period of a reaction is constant for: 

(a) zero order (b) first order 

(c) second order (d) none of these 

106. From different sets of data of fj/j at different initial 

concentrations say 'a' for a given reaction, the [ 1^2 x is 
found to be constant. The order of reaction is: 

(a) zero (b) 1 (c) 2 (d) 3 

107. Diazonium salt decomposes as 

QHjN^Cr-> QHjCl + N2. 

At 0°C, the evolution of N 2 becomes two times faster when the 
initial concentration of the salt is doubled. Therefore, it is: 

(MLNR 1994) 

(a) a first order reaction 

(b) a second order reaction 

(c) independent of the initial concentration of the salt 

(d) a zero order reaction 

108. For the reaction, N2(g)+3H2(g)->2NH3(g), under 

certain conditions of temperature and pressure of the reactants, 
the rate of formation of ammonia is 0.001 kg hr"'. The rate of 

consumption of hydrogen under the same conditions is.kg 

hr''. 

(a) 0.001 (b) 0.003 (c) 0.002 (d) 0.0015 

109. The rate constant, the activation energy and the Arrhenius 
parameter of a chemical reaction at 25°C are 3.0 x 10“'* s'', 
104.4 kJ mol'' and 6.0 x lO''* s'' respectively. The value of 

rate constant at T -> “= is: <!IT 1996) 

(a) 2.0x10'* s'' (b) 6.0x 10'''s"' 

(c) infinity (d) 3.6xl0^®s“' 

110 . In the reaction 

BrOj (a^.)+ 5Br'(ag.)+ 61^->3Br2(/)+ 3H20(/) 

The rate of appearance of bromine (Brj ) is related to rate of 
disappearance of bromide ions as following; 

[CBSE (PMT) 2009] 


(a) 

d[Br 2 ] __ 3 <i[Br'] 

(b) 

dt 5 dt 

(c) 

4 Br 2 ]. 5d[Br'] 

(d) 

dt 3 dt 


4Br2] 3 d[BT] 

dt _ 5 dt 

^[Br 2 ] ^ 5 rf[Br-] 

dt 3 dt 


111. Given that 1: is the rate constant for some order of any reaction 
at temp. T, then the value of lim log k, (where, A is the 
Arrhenius constant) is; 


(a) A12303 (b) A 


(c) 2.303.4 (d) log A 


112 . The curve depicts the change in 
concentration of species X and 
F as a function of time. The 

. point of intersection of the two 
curves represents: 

( 2 ) hn 

(b) ^3/4' 

(c) ^2/3 

(d) data insufficient to predict 

113. In gaseous reactions, important for the understanding of the' 
upper atmosphere HjO and O react bimolecularly to form two 
OH radicals. AH for this reaction is 72 kJ at 500 K and is 
77 kJ moF'; then for the bimolecular recombination of two 



OH radicals to form HjO and 0 is: 

(a) 3 kJ moF' (b) 4 kJ moF* 

(c) -5kJmoF' (d) 7kJmoF' 

114. From the following data, the activation energy for the reaction 
(cal/mol) is: 


Hj + I 2 —2H1 


roo 

1/T(1C’) 

logK 

.•769 

1.3 X 10'* 

2.9 

667 

1.5 X 10'* 

1.1 


( 3 ) 4 x 10 “ (b)2xl0“ 

( 0 ) 8 x 10 “ (d)3xl0“ 

115. The hydrolysis of an ester was carried out separately with- 
0.05 AHCl and 0.05 A^HzSO^. Which of the following will be 
true? 

(a) 

^HCl ^ 2 SO 4 (b) Ah 2 SO 4 > ^HCI 

(9) AhjS 04 “ ^^HCl W ^H2S04 “ ^HCI 

116. For an endothermic reaction, where, AH represents the 
enthalpy of the reaction in kJ/mol, the minimum value for the 
energy of activation will be: 

(a) less than AH (b) zero 

(c) more than AT/ (d) equal to AH 

117. In the following first order competing reactions; 

A + Reagent-> Product 

B + Reagent-> Product 

• The ratio of A, / Aj if only 50% of B will have been reacted 
when 94% of A has been reacted is: 


(a) 4.06 (b) 3.06 

(c) 2.06 (d) 0.06 

118. ■ Two reactions A -4 Products and B ^ Products, have rate 


constants k ^ and kg at temperature T and activation energies 
and Eg respectively. If A^ > kg and Ej < Eg and 
assuming that A for both the reactions is same, then: 
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(a) at higher temperatures will, be greater than 

(b) at lower temperatures and kg will be close to each 
other in magnitude 

(c) as temperature rises, k^ and kg will be close to each other 
in magnitude 

(d) at lower temperature kg > k^ 

119. A substance undergoes first order decomposition. The 
decomposition follows two parallel first order reactions as: 


S 


120 . 


ki = 1.26 X s ' and ^2 3.8 x 10 ^ s * 

The percentage distributions of B and C are: 

(a) 80% Band 20% C (b) 76.83% B and 23.17% C 

(c) 90% B and 10% C (d) 60% B and 40% C 

Inversion of a sugar follows first order rate equation which can 
be followed by noting the change in rotation of the plane of 
polarisation of light in a polarimeter. If and 15 are the 
ptatidns att = = t and f = 0 , then first order reaction can 

be written as: 

(a) ^ = 1 log, (b) ^ = Iiog,.^::ii 

t ro-K. t r, -rg 



(e)k = - log, (d) ^ = - log, 

t K.-r, t r^-rg 

121. Rate of a chemical reaction can be kept constant by: 

(BHU 1993) 


(a) stirring the compounds 

(b) keeping the temperature constant 

(c) both (a) and (b) 

(d) none of the above 

122. The number of molecules of the reactants taking part in a 

single step of the reaction tells about: (AMU 1992) 

(a) molecularity of the reaction 

(b) mechanism of the reaction 

(c) order of reaction 

(d) all of the above 

123. Number of moles of a substance present in 1 litre volume is 

knovra as: [PMT (MP) 1993) 

(a) activity (b) molar concentration 

(c) active mass (d) none of these 

124. The inversion of cane sugar into glucose and fhictose is: 

(a) I order (b) II order (c) III order (d) zero order 

125. The unit of rate constant obeying the rate expression 
r=k[A]’[Bf'^ m-. 

(a) rt»r^^^ litre^'^ time”' (b) mol^^^ litre”^'^ time”' 

(c) mor^"'^ litre^^^ time”' (d) none of these 

126. For the reaction, 


N ,05 -= 

4N2O5] 

dt 


2NO2 + I/2O2, 

= '^,[N205] 


4 N 02 ] 

dt 




rf[ 02 ] 

dt 


= kjm20s] 


The relation in between k \, kj and k^ is: 


(a) 2k^ = Atj = 4/f3 (b) ki=k 2 = k^ 

(c) 2k^ = 4^:2 = kj (d) none of these 

127. The rate constant is numerically the same for three reactions of 
first, second and third order respectively. Which one is true for 
the rates of the three reactions if the concentration of the 
reactant is greater than 1 M ? 

(a) = rj = rj (b) /j > r, > rj 

(c) /( < Xj < rj (d) All of these 

128. In the Q.No. 127, if the concentration of the reactant is less 
than 1 M, then: 

(a) /j = r 2 = rj (b) ^ > Xj > rj 

(c) ^ (d) all of these 

129. In the Q.No. 127, if the concentration of the reactant is 1 M, 
then: 

(a) = rj = X 3 (b) >-X 2 > X 3 

(c) < X 2 < >3 (d) all of these 

130. For a first order reaction, A -> Product, the rate of reaction 

at[>I]= 0.2mol L"' is l.Ox 10”^ mol L”* min”'. The half life 
period for the reaction is; (IIT1999) 

(a) 832s (b) 440s (c) 416s, (d) 14 s 

131. The rate constant of a first order reaction, A -> Products, is 

60 X 10”^ min”'. Its rate at [4 ] = O. 6 I mol L”* would be:, 

(IIT 1997) 

(a) 60 X 10'® mol L”' min”' (b) 36 x 10”^ mol L”' min”' . 
(c) 60 X 10”^ mol L”' min '(d) 36 x 10”' molL”! min”* 

132. For a first order reaction, the half life is independent of: 

(CBSE1999) 

(a) initial concentration 

(b) cube root of initial concentration 

(c) first power of final concentration 

(d) square root of final concentration 

133. Activation energy of a chemical reaction can be determined 

by: (CBSE1998) 

(a) changing concentration of reactants 

(b) evaluating rate constant at standard temperature 

(c) evaluating rate constants at two different temperatures 

(d) evaluating velocities of reaction at two different tempera¬ 
tures 

. 134. The experimental data for the reaction 2A + B 2 2AB, is: 


ExpLNA. 

Ml 

l*il 


1 . 

. 0.50 

0.50 

■ 1.6 xlO”'* 

2 . 

0.50 

•’ 1.00 / 

3.2 X 10”^ 

3. - 

1.0 

1.00 

3.2 X 10”^ 


■ The rate equation for the above data is: (CBSE1997) 

(a) rate = k[B 2 f (b) rate = l:[B 2 ] 

(c) rate = k{Af{Bf (d) rate = A[4f[B] 

135. For the reaction A B, the rate law is; rate = k[A ]. Which of 
the following statements is incorrect? [PMT (Pb.) 1998) 

(a) The reaction follows first order kinetics 

(b) The ti /2 of the reaction depends on initial concentration 

(c) k is constant for the reaction at a constant temperature 

(d) The rate law provides a simple way of predicting the con¬ 
centration of reactants at any time after the start of the re¬ 
action 
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136. Cyclopropane rearranges to form propene: 

A-> CHj — CH = CH 2 

This follows first order kinetics. The rate constant is 
2.714 X lO"^ sec^‘. The initial concentration of cyclopropane is 
0.29 M. What will be the concentration of cyclopropane after 
100 sec? |JEE (Orissa) 2009) 


(a) 0.035 M (b) 0.22 M 

(c)0.145M ^ (d) 0.0018 M 

137. The rate constant for the reaction, 

NjOjCg)-^ 2 NO,(g)+i 02(g), 

is 2.3 X 10“" sec”', Which equation given below describes the 
change of [NjOj] with time [N 205 ]o and [NjOj], correspond 
to concentration of N 2 O 5 initially and time ‘t’?(AIlMS 2004) 

(a) [N 205 ]o =[N 205 ], e*' 


(b) log. 


[NaOslo 

[N 2 O 3 ], 


= kt 



(c) log,o[N 205 ],=logio[N 20 s]o-fo 
■ (d) [N 2 O 5 ], =[N 205 ]o + At 

138. The reaction, X -> Y (Product) follows first order kinetics. 

. In 40 minutes, the concentration of X changes from 0.1 M to 

0.025 M, then the rate of reaction when concentration of X. is 
0,01 Mis: lirr(S)2004] 

(a) 1.73 X 10“* M/min (b) 3,47 x 10”^ M/min 

(c) 3.47 X 10”''M/min (d) 1.73 x 10”^ M/min 

139. In a first order reaction, the concentration of the reactant, 
decreases from 0.8 M to 0.4 M in 15 minutes. The time taken 
for the concentration to change from 0.1 Mto 0.025 Mis: 


(a) 30 min (b) 15 min (c) 7.5 min (d) 60 min 

140. A substance undergoes first order decomposition. The 
decomposition follows two parallel first order reactions as; 


h 


B /c, =1.26x lO-” 


sec 


I^C A :2 =3.8x 10”''sec”' 

The percentage distribution of B and C are: 

[PMT (Kerala) 2004] 

(a) 75% B and 25% C (b) 80% B and 20% C 

(c) 60% B and 40% C (d) 90% B and 10% C 

(e) 76.83% 5 and 23.17% C 


141. For a reaction 2NH, 


142. 


N 2 + SHj, it is observed that 


^c/(NH3) ^ ^(N2)_ 

dt ' ^ ’ dt 

What is the relation betw'een k. 


^2(NH3), 


^(Hz) 

dt 


= ^3(NH3). 


^2 and k-^ ? 


'’•1 ~ 

(c) 2 /:, 


U. = 6fc 


(b) 3^, 
(d) 6*1 


6*2 = 2*3 
3*2 = 2*3 


In Arrhenius equation * = 
as: 


Ae 


‘ , factor e is known 


(a) frequency factor (b) activation factor 

(c) pre-exponential factor (d) Boltzmann factor 

143. Unit of frequency factor (.4) is: 

(a) moles/lit (b) moles/lit/sec . 

(c) depends upon order (d) no unit 

144. For the reaction A + B - > C + D, the variation of the 

concentration of the products is given by the curve: 



(a) X (b) y (c) z . (d) w 

145. Which graph shows zero activation energy? 



Reaction—*■ Reaction—* 




Reaction —► 


146. 


^Threshold Can never be: 


(a) > Ejf 
(c) <£p 


(b) > £p 

(d) > £p as well as > £p 


147. A reaction takes place in three steps; the rate constants are 


* 1 , *2 and * 3 , The overall rate constant * = 


. If energies 


of activation are 40, 30 and 20 kJ, the overall energy of 
activation is: 


(a) 10 . (b) 15 (c) 30 (d) 60 

148. For hypothetical reaction A ^ B takes place according to 

*1 *2 

A^^C, A + CD (slow) 


Rate, law will be: 

'■ (a) * 2 [^][C ] (b) kM^l (c) kMAf (d) kM^W] 

149. If concentration of reactant is increased by ‘m’; then k 
becomes: 

(a) e*'"' ■ (b) k (c) kim (d) mk 

150. aA + bB- - ^ P-,dxl dt=k[Af -{Bf. If cone, of A is 

doubled, rate is doubled. If B is doubled, rate becomes four 
times. Which is correct? 


II 

1 ' 

1 

-45] 

-d[A] -2d[B] 

dt 

dt 

dt dt 

(0 = 

-d[B] 

(d) None of these 

dt 

dt 
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151. A drop of solution (volume 0.05 mL) contains 3x10^ mole of 
H^. If the rate constant of disappearance of is lO’ mol litie”* 
sec"', how long would it take for IT^ in the drop to disappear? 

(a) 6 x 10 “* sec (b) 6 x 10 “’ sec 

(c) 6 X 10“'“ sec (d) 6 X 10“'^ sec 


152. For the reaction, H, + U 


2HI . The rate law expression 


is: 


(a) 

1 rf[HI]' 

- 2 ^ 

= *,[H 2 ][l 2 ] 

(b) 

1 4HI]' 


_ 2 dt _ 

fc 2 [H 2 ][l 2 ] 

(c) 

1 4HI]' 

L 2 * ^ 

= ^l[H 2 l[l 2 ]- 

(d) 

1 4HI]" 

2 dt 

= A,fc2[H-irT. 


153.' The chemical reaction, 2 O 3 ■ -> BOj proceeds as; 

O 3 O 2 + O (fest), O + O 3 2 O 2 (slow) 
The rate law expression will be: 

(a) rate = A:[Q][ 03 ] (b) rate = F[ 03 f 

(c) rate = [ 02 ]"' (d) can’t be determined 


154. For the reaction NH 4 + OCN"->NH 2 CONH 2 , the 

probable mechanism is, 

NH+ + OCN “ NH 4 OCN (fast) 

and NH 4 OCN->NH 2 C 0 NH 2 (slow) 

The rate law will be: 

(a) rate = /t[NH 2 CONH 2 ] (b) rate = ]■" [OCN]“ 

(c) rate = A:[NH 40 CN] (d) none of these 

155. For a 1st order decomposition, 



overall k will be given by: 

(a) k = ki +^2 +...+ *4 (b) k = (k^ +* 2 +-... + *„)/« 

(c) k = ki X k2X ...X ki, (d) none of these 

156. For a reaction A + 3B P, Rate = . ■, the expression for 

the rate of reaction in terms of change in the concentration of 


(b)/r[^f[3S] 

id)VA)k[Af[B] 


B _Mlwillbe: 
dt 

(a) k{Afm 
(c) 


157. Which of the following statements is correct? 

(a) Rate of reaction — 

F 

(b) At lower temp., increase in temp, causes more change in 
the value of k 

(c) Both (a) and (b) are correct 

(d) None is correct 


jQiOg-500/r^ and for k ■■ 


10i2g-i(«o/r 


158. ¥orX-^Y-,k-- 

at what temperature ‘7” both reactions will have same value of 

• W . 

(a) 500K (b) 1500K 


(Oi^K 

500 


2^jj. 

5000 


159. For a reversible reaction where the forward reaction is 
exothermic, which of the following statements is correct? 

(JEE (WB)2010! 

(a) The backward reaction has higher activation energy than 
the forward reaction 


(b) The backward and the forward processes have same 
activation energy 

(c) The backward reaction has lower activation energy 

(d) No activation energy is required at all since energy is 
liberated in the process 

160. For the reaction, A + 3B - > TC + D 


which one of the following is not correct? 

fEAMCET(.\Ied.)20i0j 

(a) Rate of disappearance of Z = Rate of formation of D 

2 

(b) Rate of formation of C = - x Rate of disappearance of B- 


(c) Rate of formation of D = - x Rate of disappearance of B 


(d) Rate of disappearance of A = 2 x Rate of formation of C 

161. 2A ~—> B +C, would be a zero order reaction when: 

ICUSE (PMT) 20021 
(a) the rate of reaction is proportional to square of concentra¬ 
tion of* A’ 

. (b) the rate of reaction is same at any concentration of ‘A’ 

(c) the rate remains unchanged at any concentration of ‘B' and 
‘C’ 

(d) the rate of reaction doubles if concentration of ‘B’ is 
increased to double 

162. Units of rate constants for first and zero order reactions in 

. terms of molarity M unit are respectively: (AIEEE 2002) 

(a) sec"', M see”' (b) sec“‘, M 

(c)-M sec“',sec“' (d) M,sec“' 

163. Following is the graph between log t^i 2 and log a{a = initial 
concentration) for a given reaction at 27°C. Hence, order is: 


log tya 



(a) 0 (b) 1 (c) 2 (d) 3 

164. Following is the graph between {a ~ x)~' and time t for 
second order reaction. 0 = tan"' (1/ 2); OA =2L mol"', hence 
rate at the start of reaction will be: 
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(a) 1.25 L mol ' min ' (b) 0.5 mol L ’ min ' 

(c) 0.125 mol L'' min“* (d) 1.25 mol L“* niin“' 

165. Graph between concentration of the product ‘x’ and time‘t’ for 
A B is given ahead: 




166. Consider the chemical reaction, 

N2(g)+3H2(g)->2NH3(g) 

The rate of reaction can be expressed in terms of time 
derivative of concentration of N 2 (g), H 2 (g) or NH 3 (g). 
Identify the correct relationship amongst the rate expressions: 

(11X2002) 

(a) rate=-^ = -iM2] = ^iW] 

dt 3 dt 2 dt 

(b) rate=-W = -3™ = T2®^ 

dt dt dt 

(c) rate = M = l™ = iW] 

dt ?> dt 2 dt 

(d) rate = -™ = -™ = ^£^ 

dt dt dt 

167. For the reaction, 

N2(g)+3H2(g)->2NH3(g).if 

" i = 2 X 10“^ mol L“’s“*, the value ef would be: 

dt dt -J 

ICBSE (PMT) 2009] 


(a) 1X 10 mol L's ' (b) 3 x 10 mol L's ' 

(c) 4 X lO"'* mol L-'s“' (d) 6 x 10“^ mol L-'s“' 

168. Temperature dependent equation can be written as; 

[JEE (Orissa) 2005] 

(a) In /c = In X - (b) In Tc = In X + 

(c) In A: = In X - (d) all of these 


169. 


170. 


171. 


172. 


If the rate of reaction A -> B doubles on increasing the 

concentration of .4 by 4 times, the order of reaction is: 

]CE'!’ (J&K) 2005] 

(a) 2 (b) 1 (c) 1/2 (d) 4 

For the reaction: 2 N 205 (g)-> 4N02(g) + 02 (g) if the 

concentration of NO 2 increases by 5.2 x 10~^ M in 100 sec, 
then the rate of reaction is: [PET (Kerala) 2005] 

(a)1.3x 10“^Ms“' (b) 5 X 10^ M s-^' 

(c) 7.6x10-^ Ms"' (d)2x 10~^ Ms ' 

(e) 2.5 X 10’^ Ms"' 


A first order reaction is 10% complete in 20 min. The time 
taken for 19% completion is: [PET (Kerala) 2005] 

(a) 30 min (b) 40 min (c) 50 min (d) 38 min 
(e) 45 min 

An endothermic reaction with high activation energy for the 
forward reaction is given by the diagram: (AlIMS 2005) 




Reaction.—► 
coordinate 



Reaction - 
coordinate 


(c) 


(d) 


173. For reaction aA -> xP, when [A ] - 2.2 m-M, the rate was 

found to be 2.4 m M s”*. On reducing concentration of A to 
half, the rate changes to 0.6 m M s“'. The order of reaction 
with respect to A is: (AllMS 2005) 

(a) 1.5 (b)2.0 (c)2.5 (d) 3.0 

[Hint: Rate = A:[X]“ 

2.4 =k [2.2]“ ...(i) 

0.6 = *[1.1]“ ...(ii) 

Dividing eq. (i) by eq. (ii), a = 2 .'. order = 2] 


174. According to the law of mass action, rate of a chemical 
reaction is proportional to: (AFMC 2005) 
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(a) concentration of reactants 

(b) molar concentration of reactants 

(c) concentration of products 

(d) molar concentration of products 

175. Consider the endothermic reaction X -^Y with the activation 

energies and Ej- for backward and forward reactions, 
respectively. In general: (AfEEE 2(305) 

(a) £j, 

(b) £*,>£/ 

(c) E, = E^ 

(d) there is no definite relation between and Ej 

176. Which one of the following statements for order of reaction is 

not correct? ' 1I!T(S)2GG5] 

(a) Order can be determined experimentally 

(b) Order of reaction is equal to sum of powers of 

concentration terms in differential rate law v 

(c) It is not affected by the stoichiometric coefficient orthe 
reactants 

(d) Order cannot be fractional 

177. The rate constant of a reaction is found to be 3 x 10*^ mol L"' 

min“^ The order of the reaction is: jCET (J&K) 20061 

(a) zero (b) 1 (c) 2 (d) 1.5 

[Hint: Unit of rate and rate constants are same for zero order 
reaction.] 

178. In the first order reaction, the concentration of the reactants is 

reduced to 25% in one hour. The half life period of the reaction 
is: [UGET (Manipal) 2005] 

(a) 2hrs (b)4hrs (c) 1/2 hr (d) 1/4 hr 

a 


179. 


[Hint: 


, 2.303 , 

k =-log 


2.303 


log 


0.693 


0.693 


2 X 0.693 
1 


‘ 1/2 


2 X 0.693 2 


hr] 


A substance reacts with initial concentration of a mol dm 
according to zero order kinetics. The time it takes for the 
completion of the reaction is: {k = rate constant) 

t it CET (Karnataka) 2009} 


(a) 

a . 
(e) ka 

[Hint: 


(b) 


2 k 

■kxt 

X 

'I 


(c) 


a 


' Time for completion of reaction (when x = u), i.e, r = — ] 

k 

180.. Rate of a reaction can be expressed by Arrhenius equation as, 


k = Ae 


-EIRT 


In this equation, E represents: 


^.'.TFEE 2006) 

(a) the energy above which all the colliding molecules will 
react 

(b) the energy below which colliding molecules will not react 

(c) the total energy of the reacting molecules at a temperature T 

(d) the fraction of molecules with energy greater than the 
activation energy of the reaction 


181. The rate constant of a first order reaction at 27°C is 10~'^ min '. 
The temperature coefficient of this reaction is 2. What is the rate 
constant (in min”') at 17°C for this reaction? 

ET 2006) 

(c)2xl0”^ (d) 10”^ 


183. 


! 

O 

(b) 5x10”'' 

[Hint; 



k^ 


• — =(H )'“''" 


1 

/tj- =-= 0.5 x 10"^ 

' 2 

= 5 X 10”''min'* ] 

182. In a chemical reaction, two reactants take part. The rate of 
reaction is directly proportional to the concentration of one of 
them and inversely proportional to the concentration of the 
other. The order of the reaction is: ■ [PMT (Raj.) 2006] 
(a) zero (b) 1 (c) 2 ' (d) 4' 

According to Arrhenius equation, the rate constant (k ) is 

(VITEEE 2:)a7) 

J___l_' 

7] r. 


related to temperature {T )as: 

k ' F ^ 

(a) In I ^ , = % 


R 


V ‘1 


k2 1 E„( \ 


(c) In 


V ^1 

h. 


(b) In ^ h-— — 

1,1 ^ I ,. 


‘2 J, 

1 


(d) In 


1 J 


M J 


R 


v7i ^ 

1 1 
• + — 


V A 


R 


1 1 


‘2 J 


184. Consider a reaction aG + bH -> Products. When 

concentration of both the reactants G and H are doubled, the 
rate increases by eight times. However, when the 
concentration of G is doubled keeping the concentration of H 
fixed, the rate is doubled. The overall order of reaction is: 

(.(IT 2007) 

(a) 0 (b) 1 (c) 2 (d) 3 

[Hint: Order with respect to ‘G ’ will two and with respect to 
'‘H’the order will be one. 

Rate = A: [G ]-[«■]' 

When concentration of both G and H are doubled, the rate will 
increase eight times.] 

185. The temperature dependence of rate constant (k) of a 

chemical reaction is written in terms of Arrhenius equation 
k = . Activation energy (£„ ) of the reaction can be 

calculated by plotting: .VIS 1 G) 

(a) log k vs T (b) log kvs~ (c) kvsT (d) k vs —!— 

T log r 


186. Consider the reaction, 2A+B 


Products. When 


concentration of B alone was doubled, the half life did not 
change. When the concentration of A alone was doubled, the 
rate increased by two times. The unit of rate constant for this 
reaction is: (.\IEEE 20(37^ 

(a) s”' (b) L mor's”' (c) umtless (d) mol L”'s”‘ 
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[Hint: Concentration change in ‘5 ’ does not change half life, it 
means the reaction is first order with respect to B. When 
concentration of only is doubled, the rate of reaction becomes 
double, thus order with respect to A will also be one. 

Overall order of reaction = 2 

unit of rate constant = L mor*s^'] 

187. In a first order reaction A —> B,\f k is rate constant and 
initial concentration of the reactant A is 0.5 M then half life is; 

[CBSE (Med) 2007| 

/ ^ ^ 2 In 2 ,0.693 

(a) —— (b) —= (c) (d) —- 

k k^J 0.5 k 0.5 k 

188. For the first order reaction, half life is 14 sec, the time required 
for the initial concentration to reduce to 1/8 of its value is: 

[CET (J&K) 2007] 

(a) (14)^ sec (b) 28 sec (c) 42 sec (d) (14)^ sec 

189. 75% of a first order reaction was completed in 32 min, when 

was 50% of the reaction completed? [BHU (Mains) 2007] 


(a) 24 min (b) 16 min 
190. For a zero order reaction, 

A - >P 

?,/ is: (k is rate constant) 

. 

(a) 


(c) 8 min (d) 48 min 




lo 


2k 


(b) — 
k 


(c) 


[BHU (Mains) 2007] 

1 ,,, In 2 

(d) 


191. 


k[A\ Uloit 

The rate constants k^ and for two different reactions are 
lO'* g- 2000 /r io*5g- looo/r^ respectively. The temperature 


at which Atj = ^2 is 
(a) 2000 K 


(b)^^K 

2.303 


]CBSE (PMT) 2008] 


(c) 1000 K 


(d)^K 

2.303 


[Hint :10‘^e-= 10' 


-2000/r 


- 1000/r 


lo'^ 
"" 10‘* 
= 10 ' 


log,e 


looo/r . 


1000 


:lOg,10'' 

2.303 log ,0 10" 


^ 2.303 
1000 


2.303 


K] 


192. Under the same reaction conditions, initial concentration of 
1.386 mol dm“^ of a substance becomes half in 40 seconds 
and 20 seconds through first order and zero order kinetics 


respectively. Ratio 


Khj 


of the rate constant for first order (i,)' 


and zero order {k^) of the reaction is ; (HT 2008) 

(a) 0.5 moF' dm^ 

(b) 1 mol dm'^ 

(c) 1.5 mol dm"^ 

(d) 2 moF' dm^ 

^ ^ 0,693 

[Hint: t ,/2 = , 

A:, 

t -3^ 

2*0 

40=°■®^ 

h 

nQ_ 1-386 0.693 

2*0 *0 

20 _ 0.693/A:o _ A:, 
40 “ 0.693/Jci ” /to 



195. 


^ = 0.5_^ 

k„ mol dm ^ 


• 0.5 mol ‘ dm^ ] 


^0 moi um sec 

193. The decomposition of HI on the surface of gold is: 

[Corned (Karnataka) 2008] 
(a) Pseudofirst order (b) zero order 

(c) first order (d) second order 

194. Consider following two reactions 

d{A] 
dt 

4m 


Product, 


B- 


Product 


dt 


' = k,{A\ 


k^ and ^2 ^re expressed in terms of molarity (mol L ') and 


time (s“‘) as: 
( 3 ) 5 “',M s”' L“ 


[BHU (Mains) 2008] 

,Ms"' 


•(c)s ’,M 's ' 


(b) M s" 

(d)Afs^‘,s“' 

If a plot of logjjC versus t gives a straight line for a given 
reaction, then the reaction is ; (VITEEE 2008)' 

(a) zero order (b) first order (c) second oder (d) third order 
[Hint: 


logic 



In first order reaction, log 
we get straight line. Slope 

rate constant.] 

196. For a zero order reaction 
versus time is: (intercept 

(a) linear with +ve slope 

(b) linear with -ve slope 

(c) linear with -ve slope 

(d) linear with +ve slope 

(e) a curve asymptotic to 
[Hint: 


,,qC when plotted against time ‘f’ then 
(2 SOS'! 

of the line I -2 -j gives the value of 


the plot of concentration of reactant 
refers to concentration axis) 

(PET (Kerala) 2008] 
and zero intercept 
and zero intercept 
and non zero intercept 
and non zero intercept 
concentration axis 



197. 


Linear with negative slope and non zero intercept.] 

^50 of first order reaction is 10 min. Starting with 10 mol L 
rate after 20 iriin is : 

(a) 0.0693 mol L'' min“' 

(b) 0.0693 X 2.5 mol 17 ' min"' 


(AHMS 2008) 
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(c) 0.0693 X 5 mol L" ’ min~' 

(d) 0.0693 X 10 mol L“ ^ min“ ‘ 

[Hint: Remaining concentration of reactant after 20 min 

= -ixlO = 2.5molL"* 

4 


Rate = X [Re^itant ] 

0-693 

=-X [Reactant] 

hn 

= X 2.5 = 0.0693 X 2.5 mol L’* min“ ‘] 

10 

198. For the decomposition of AB at 600 K, the following data 
were obtained 


mol dm~* 


Rate of decomposition oiAB in 
mol dm~’s~* 


0.20 

0.40 

0.60 


2.75 X 10“* 
1 lx 10“® 
24.75x10'* 


The order of the decomposition of AB is : 

[CET (Karnataka) 2009] 

(a) 0 . (b) 1 (c) 2 (d) 1.5 

199. For a reaction between A and B, the initial rate of reaction is 
measured for various initial concentrations of A and B. The 
data provided are: (DCE 2009) 


£xp.No. 

Ml 

Ml 

Initial mdioa 
rate (mol 17*5“*) 

1 . 

0.2 M 

0.3 M. 

5 X 10'* 

2 . 

0.2 M 

0.1 M 

5 X 10'* 

3. 

0.4 M 

0.05 M 

7.5x10'* . 


The overall order ofthe reaction is: (DCE 2009) 

(a) one(l) (b) two (2) 

(c) two and a half (2.5) (d) between 1 and 2 

200. For a first order reaction A - >P, the temperature (T) 

dependent rate constant {k ) was found to follow the equation: 

log * = -(2000)^+ 6.0 


201 . 


202 . 


The pre exponential factor A and the activation energy 
respectively, are : (UT 2009) 

(a) IxloS"'and9.2kJmor‘ 

(b) 6 s“’ and 16.6 kJ mol'* 

(c) 1x10* s“' and 16.6 kJ tnol'^ 

(d) 1x10* s'* and3R3kJmor’ 

[Hint: logA: = logm A —x — 

Comparing this equation with the given equation we get, 

A = \& &-\ =38.3kJmor‘] 


The time for half-life period of a certain reaction, 

A “+ Product is 1 hour. When the initial concentration of the 
reactant ‘ .4 ’ is 2 mol L''. How much time does it take for its 
concentration to come from 0.50 to 0.25 mol if it is a zero 
order reaction? (A1EEE2010) 

(a) 0.25 h (b) 1 h (c) 4 h (d) 0.5 h 


[Hint: 







t2 " I 2 J 


<2= 0.25 h] 

Consider the reaction; 

CI 2 (a?) + H 2 S(a^)-^ S(s) + 2Hr {aq ) + 2Cr {aq) 


The rate equation for this reaction is : 

Rate = /i[Cl2][H2S] • 

Which of these mechanisms is/are consistent with this rate 
equation? 

A. CI 2 + H 2 S-J-SP+Cr + CP+HS' (slow) 

Cr + HS'-> H" + Cr + S (fast) 

B. H 2 S + HS' (fast equilibrium) 

CI 2 + HS'-> 2Cr +¥t + S, (slow) , 

(AIEEE2010) 

(a) neither A nor B (b) A only 

(c) B only (d) both A and B 
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Assertion-Reason TYPE QUESTIONS 


The questions given below consist'of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
'ou are required to choose any one of the following four options; 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct 

1. (A) The rate of reaction sometimes does not depend on con- _ 

centration. 

(R) The order of reaction can be negative. 

2. (A) The rate of reaction increases generally by 2 to 3 times for 

every 10°C rise in temperature. 

(R) Increase in temperature increases the collision frequency. 

3. (A) Hydrolysis of ethyl acetate in presence of acid is a reaction 

of first order whereas in presence of alkali, it is a reaction 
of second order. 

(R) Acid acts as catalyst only whereas alkali acts as one of the 
reactant. 

4. (A) The molecularity of the reaction, 

H 2 + Brj-> 2HBr is 2. 

(R) The order of this reaction is 3/2. 

5. (A) Positive catalysts lower the activation energy of the reac¬ 

tion whereas heat of reaction remains same. 

(R) Heat of reaction is equal to the difference between activa¬ 
tion energies for forward and the backward reactions. 

6. (A) Positive catalysts increase the rate of reaction. 

(R) Catalysts decrease the value of AG°. 


7. (A) k = the Arrhenius equation represents the de- 

pendance of rate constant with temperature, 

(R) Plot of log k against 1/ T is linear, and the activation en¬ 
ergy can be calculated with this plot. 

8 . (A) If the activation energy of a reaction is zero, temperature 

will have no effect on the rate constant. 

(R) Lower the activation energy, faster is the reaction. 

9. (A) Order with respect to any reactant or product can be zero, 

positive, negative and fractional. 

(R) Rate cannot decrease with increase in concentration of a 
reactant or product. 

10. (A) Formation of HI is a bimolecular reaction, 

(R) Two molecules of reactants are involved in this reaction. 

11. (A) The order of the reaction, 

CH5COOC2H5 + HjO CH3COOH + C2H5OH 
is 2. 

(R) The molecularity of this reaction is 2. 

12. (A) For: aA + bB -> Product. The order of the reaction is 

equal to (a + i). 

(R) Rate of reaction = k[AY [5]*, 

13. (A) The hydrolysis of methyl acetate by dil HCl is a pseudo 

first order reaction. 

(R) HCl acts as a catalyst for the hydrolysis. (AIIMS 2007) 

14. (A) The order of a reaction can have fractional value. 

(R) The order of a reaction cannot be written from balanced 
equation of a reaction. (AIIMS 2008) 
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_ * oBJECTiye QUEfhcws 


1. (C) 

2 . (d) 

3. (b) 

4. (b) 

5. (a) 

6 . (a) 

7. (c) 

8 . (d) 

9. (b) 

10 . (c) 

11 . (a) 

12 . (d) 

13. (d) 

14. (d) 

15. (b) 

16. (a) 

17. (c). 

18. (c) 

19. (b) 

20 . (b) 

21 . (c) 

22 . (a) 

23. (a) 

24. (d) 

25: (c) 

26. (d) 

27. (a) 

28. (b) 

29. (d) 

30. (d) 

31. (d) 

32. (b) 

33. (a) 

34. (a) 

35. (b) 

36. (c) 

37. (d) 

38. (d) 

39. (a) 

40. (c) 

4L (b) 

42. (b) 

43. (d) 

44. (c) 

45. (a) 

46. (b) 

47. (c) 

48. (a) 

49. (d)- 

50. (b) 

51. (c) 

52. (d) 

53. (a) 

54. (b) 

55. (d) 

56. (c) 

57. (b) 

58. (a) 

59. (c) 

60. (d) 

61. (b) 

62. (c) 

63. (d) 

64. (c) 

65. (a) 

66 . (d) 

67. (c) 

68 . (b) 

69. (c) 

70. (c) 

71. (a) 

72. (d) 

73. (a) 

74. , (b) 

75. (d) 

76. (c) 

77. (b) 

78. (b) 

79. (d) 

80. (a) 

81. (d) 

82. <c) 

83. (b) 

84. (b) 

85. (c) 

86 . (a) 

87. (a) 

88 . (b) 

89. (c) 

90. (c) 

91. (b) 

92. (d) 

93. (a) 

94. (d) 

95. (d) 

96. (b) 

97. (b) 

98. (a) 

99. (a) 

100 . (a) 

101 . (d) 

102 . (d) 

103. (c) 

104. (b) 

105. (b) 

106. (c) 

107. (a) 

108. (d) 

109. (b) 

no. (b) 

111 . (d) 

112 . (a) 

113. (c) 

114. (a) 

115. (a) 

116. (c) 

117. (a) 

118. (a, c) 

119. (b) 

120 . (b) 

121 . (b) 

122 . (a) 

123. (c) 

124. (a) 

125. (a) 

126. (a) . 

127. (c) , 

128. (b) 

129. (a) 

130.. (a) 

131. (a) 

132. (a) 

133. (c) 

134. (b) 

135. (b) 

136. (b) 

137. (b) ' . 

138. (c) 

139. (a) 

140. (e) 

141. (c) 

142. (d) 

143. (b) 

144. (b) 

145. (c) 

146. (c) 

147. (c) 

148. (c) 

•149. (b) 

150. (c) 

151. (b) 

152. (4, 

153. (c) 

154. (b) 

155. (a) 

156. (c) 

157. (c) 

158. (c) 

159. (a) 

160. (d) 

161. (b) 

162. (a) 

163. (a) 

164. (c) 

165. (c) 

166. (a) 

167. (b) 

168. (a) 

169. (c) 

170._ (a) 

171. (b) 

172. (c) 

173. (b) 

174. (b) 

175. (a) 

176. (d) 

177. (a) 

178. (c) 

179. (c) 

180. (b) 

181. (b) 

182. (a) 

183. (a) 

184. (d) 

185. (b) 

186. (b) 

187. (c) 

188. (c) 

189. (b) 

190. (a) 

191. (b) 

192. (a) 

193. (b) 

194. (d) 

195. (b) 

196. (c) 

197. (b) 

198. (c) 

199. (d) 

200 . (d) 

201 . (a) 

202 . (b) 








’ .... _ i. 











1 . (b)^’ 

2 . (b) 

' 3. (a) 

4. (b) 

5. (b) 

6 . (c) 

7. (a) ^ 

8 . (b) 

i 9. (c) 

10 . (a) 

11 . (d) 

12 . (b) 

13. (b) 

14. (b) 






Chemical Kinetics 


581 


Brain Storming Problems 


/^///^ _ 

^Objective Questions I /gr [ IIT ASPIRANTS % 




1 . "V^^ich of the following is correct? 

(a) Molecularity of a reaction can be fractional 

(b) Zero order reaction never stops 

(c) A first order reaction must be homogeneous 

(d) The frequency factor ‘A’ in Arrhenius equation 

(k = Ae~^‘’ ) increases with increase in temperature 

2. The rate constant of the reaction, 

2H2O2 (a?.) ^ 2 H 20 (/) + O2(g), 

is 3 X 10“^ min^'. 

At what concentration of H 2 O 2 , the rate of the reaction will be 
2 x 10 -''Ms"'? 

(a) 6.67 X 10"^ M (b)2M 

(c)4M (d)0.08M 

Pint: Rate=A:[H 202 ]' 

, 2 x 10 "'* = -.^.. x[H, 02 l . . 

[H202]=4M] 

3. The mechanism of the reaction, 

2NO(g)+2H2(g)->N2(g)+2H20(g), ■ 

is: - . ■ 

stow 

Stepl: 2 NO(g)+H 2 (g)-> N 2 + HjOj 

Step 2: HjOj + Hj-—> 2 H 2 O 

(a) rate = nNOf[H 2 f 

(b) rate=*[H 202 ][H 2 ] 

(c) on doubling the concentration of Hj, keeping the 
concentration of NO constant, the rate will become double 

(d) if the initial concentration of H 2 and NO is Cq and after 
time ‘ I’ the concentration of N 2 is x, then 

Rate = A(Co - 2xf 

pint: Slowest step is rate determining 
Rate =Ar[NO]\H 2 ] 

On doubling the concentration of H 2 without changing the 
concentration of NO, the rate will become double.] 

4. the rate law for a reaction between A and B is given by; 

Rate = 

On doubling the concentration of A and halving the 
concentration^of B, the ratio of tww, rate to the earlier rate of 
the reaction will be as: 

(a) « - m . (b) 2 "." " , ' (c> 2^'^" * (d) 2 “ " " 

k ' ' ' 

5. The reaction A -> Product, is zero order while the reaction 

t ' 

B -> Product, is first order reaction. For what initial 

concentration of A are the half lives of the two reactions 
equal? 

(a)(log^4)M (b)2M (c)21og2M (d)ln2M 


pint: For zero order reaction, 
x = kt 
a 
2 

For first order reaction, 

,to&2 


- k X ty2, i-&, t 


Ml 


a 

2k 


hn ■ 


... (i) 


.,(ii) 


From eqs. (i) and (ii), 


a 


log, 2 


' a = log,4M] 

6 . Which of the following is pseudo-unimolecutar reaction? 
(a) 2 H 2 O 2 


-> 2 H 2 O + O 2 


(b) C 6 H 5 N 2 CI + HOH-> CgHjOH + N 2 + HCr 

(c) CH 3 COOC 2 H 5 + NaOH-> CH^COONa + CjHjOH 

(d) 2 O 3 -> 3 O 2 

7. The order and molecularity of the chain reaction, 

H 2 (g)+Cl 2 (g)^ 2HCl(g), 
are: 

(a) 2,0 (b)0,2 (c) l, 1 (d) 3,0 

8 . A reactant (zl) forms two products: 


7 ^ B Activation energy 


“1 


-) C Activation energy E 


lf£. 


02 


; 2E^ , then A:, and will be related as: 




(a) ^2 

(c) = Ak 2 e ' 


,/«r 


(b) k2 = k^e 
{d)k^=2k2e^‘•^"^^ 


pint: 


ki 

^1 
^2 ^ 


- + E.)JRT 


E„IRT 


Since, = 24 , 


^2 = ^ ] 

9. Collision theory is satisfactory for: 

(a) first order reactions (b) second order reactions 
(c) bimolecular reactions (d) zeroth order reactions 
Id: Initial concentration of reactant for nth order reaction is ‘a’. 
, Which of the following relations is correct about q /2 of the 
reaction? 

(a) In /|/2 = In (constant) - (« - 1 ) log, a 

(b) In ti /2 = In n + In (constant) - In a 

(c) t ,;2 In n = In (constant) + In % 

(d) In q /2 = n.ln dfl ■ 
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11 , 


12 . 


[Hint: 




In t ,/2 = In A: - {« -1) logj a] 

Half life of a reaction becomes half when initial concentrations 
of reactants are made double. The order of the reaction will be: 
(a) 1 (b) 2 (c) 0 . (d) 3 

[Hint: fi /2 .j 


1 

h/ 2 “- 

, a 

where, n - order of reaction for second order reaction.] 
Arrhenius equation is: 

k = 


Which of the following graphs represents the variation of rate 
constant k against temperature T ? (IIT 2010) 






(c) (d) 

13. If a homogeneous catalytic reaction follows three alternative 
paths A,B and C, then which of the following indicates the 
relative ease with which the reaction moves? 



{a) A > B > C {h)C > B > A{c) A> C> B {A) A = B = C 
14. The rate constant for the reaction, 

2N2O5-> 4NO2 + O2 

is 3 X 10“^ sec"’. If the rate is 2.4 x 10"^ mol litre”' sec”’, 
then the concentration of NjOj in mol litre”’ will be: 

(a) 1.4 , (b)2.1 - (c)1.27 (d) 0.8 

pint; " JRate=A:p 4205 ] 


2.4x10”’ = 3x10”^[N2O5] 

[N 205 ]= 0 . 8 M] 

15. Consider the following statements: 

1. The rate of reaction is always proportional to the 
concentrations of reactants. 

2. The order of an elementary chemical reaction step can be 
determined by examining its stoichiometry. . 

3. The first order reactions follow an exponential time 
course. 

Of these statements: 

(a) 1, 2 and 3 are correct (b) 1 and 2 are correct 

(c) 2 and 3 are correct (d) 1 and 3 are correct 

[Hint: Statement (1) caimot.be correct because the rate of zero 
order reactions does not depend on concentration of reactant.] 

16. Two different first order reactions have rate constants and Jtj 

at TJ (A; > A :2 ). If temperature is increased from 2] to 2 ^, then 
new constants become and k^ respectively. Which among 
the following relations is correct? - 

{&) k^ > = k-^ = k^ (b) < A:, and ^2 < *4 

(c) k^=k^=k^- (d) k^>k 2 >k,'> ^4 

■' N 

17. In the reaction, A + B -> C + L>, the rate I — I when 

{dtj 


18. 


19v 


plotted against time ‘t’ gives a straight line parallel to time 
axis. The order and rate of reaction will be: 

(a)l,A-+l (b)0,A: (c)l,A: + l {d);t,A: + l 

In the Haber’s process of ammonia manufacture, 

N2(g)+3H2(g)->2NH3(g) 

the rate of appearance of NH 3 is; 


^^[NHj] 

~dt 


: 2 X 10 mol L”’ sec”’ 


The rates of the reaction expressed in terms of N 2 and Hj will 
be: 



Rates in terms of 

Rates tmns of N 


(mol L”* sec”*) 

(mM L”* sec"^*) 

(a) 

3x 10 ”“ 

2 x 10 ”“ 

(b) 

3x 10 ”“ 

lx 10 ”“ 

(c) 

1 X 10 ”“ 

3 X 10”“ 

(d) 

2 x 10 ”“ 

2 x 10 ”“ 

[Hint: 

2 dt 

- 4 N 2 ] 1 . 4 N 2 ] 




dt 2 dt 

= - X 2 X 10”^ = 3 X 10”“ mol L”' sec”’ 
2 


- 4 N 2 ] I 
dt 2 


®J = lx2xi(r- 

dt 2 


= 1 X 10”“ mol L”‘ sec”' ] 


A reaction A -) B, involves following mechanism: 


<^1 


Stepl: 

A - 

- >B 

(fast) 



h 


Step 2; 

B- 

- iC 

(slow) 

Step 3: 

C 

*3 

- ¥D 

(fast) 
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The rate law of the reaction may be given as: 

(a) rate = k^[A] (b) rate = ^ 3 [iS] 

(c) rate = A: 3 [C] (d) rate = 

20. For a gaseous reaction, the following data were recorded: 


Concentration in mol L"' 

0.1 1 

0.05 

0.025 

0.0125 

Half life in sec 

30 

29.9 

30.1 

30 


The order of reaction is: 

(a) second (b) first (c) zero (d) fractional 


21 . 


The half life of second order reaction is; 

(a) inversely proportional to the square of the initial 
concentration of the reactants 

(b) inversely proportional to the initial concentration of 
reactants 

(c) proportional to the initial concentration of reactants 

(d) independent of the initial concentration of reactants 


[Hint: 


hn ^ -r> where, a = initial cone., n = order 

(f~ 


r ,/2 (second order)« 



22. What names apply to chemical species corresponding to 
locations 1 and 2 on this reaction coordinate diagram? 




Location 1 

Location 2 

(a) 

Activated complex 

Activated complex 

(b) 

Reaction intermediate 

Activated complex 

(c) 

Activated complex 

Intermediate 

(d) 

Reaction intermediate 

Intermediate 

Consider this reaction: 



2 N 02 (g)+ 03 (g) — 

->N 205 (g)+ 02 (g) • 


The reaction of nitrogen dioxide and ozone represented is first 
order in NOjCg) and in 03 (g). Which of these possible 
reaction mechanisms is consistent with the rate law? 


Mechanism I: N 02 (g) + 03 (g)— 

-^N 03 (g)+ 02 (g)(slow) 

N03(g)TN02(g) — 

-^N205(g) 

(fast) 

Mechanism II: O 3 (g ) T= 

— 02 (g)+[ 0 ] 

(fast) 

N 02 (g) + [ 0 ]- 

-^N 03 

(slow) 

N 03 (g) + N 02 (g)- 


(fast) 

(a) I only (b) II only 

(c) Both I-and II (d) Neither I nor II 

[Hint: Mechanism I, Rate = ^[N 02 ][ 02 ]. Slow step 

is rate 

determining 



Mechanism II, Rate = k [NOj][0] 

... (i) 


[O3] [O2] 


From eq. (i), Rate = kK[H0^][0,][02r' 

Both mechanisms show that reaction is first order with respect 
to NOj and O3.] 


24. Use the experimental data in the table to determine the rate law 
for this reaction: 


A + 3 -> AB 


These data were obtained when the reaction was studied; 


Ml 

1 - 1 

Ml 

A\AB] , , 

-molL 'sec 

M 

0.1 M 

0.1 M 

2 x lO”"* 

0.2 M 

0.1 M 

, 2 x 10 "'' 

0.3 M 

0.3 M 

1.8 xKT^ 


What is the rate equation for the reaction? 

(a) Rate = k [yl][J] ' (b) Rate = k [Af 


25. 


26. 


(c) Rate = k [5] (d) Rate = k [Bf 


In which of the following reactions, the increase in the rate of 
reaction will be maximum? 


(a) 40 kJ/mol 

(b) 90 kJ/mol 

(c) 80 kJ/mol 

(d) All will have same rate 


Temperature rise 

200-210K 
• 300-320K 
300-310K 


Which of the reactions represented in these diagrams will 
show the greatest increase in rate for a given increase in 
temperature? 




(a) Reaction I forward (b) Reaction I reversed 
(c) Reaction II forward (d) Reaction II reversed 

27. Which function of [Z ], plotted against time, will give a 
straight line for a second order reaction? 

X -> Product 

(b)[Zf (c)ln[ 2 f], (d)^. 


28. Decomposition of H 2 O 2 is a first order reaction. A 16 volume 
solution of H 2 O 2 of half life 30 min is present at start. When 
will the solution become one volume? 

(a) After 120 min (b) After 90 min 

(c) After 60 min (d) After 150 min 

29. What is the activation energy for the reverse of this reaction? 

N204(g)-^2N02(g) 

Data for the given reaction is: AH = + 54 kJ and = + 57.2 
kJ: ■ 

(a)-54kJ (b)+3.2kJ (c)+60.2kJ (d)+lli.2kJ 

30 . The reaction between chloroform, CHCl 3 (g) and chlorine 
Cl 2 (g) to form CCl 4 (g) and HCl(g) is believed to occur by 
this series of steps: 
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Stepl:Cl 2 (g)->Cl(g)+Cl(g) 

Step 2: CHCl 3 (g)+Cl(g)-. CCI 3 (g) + HCl(g) 

Step 3: CCljCg) + Cl(g)-> CC4(g) 

If this reaction is first order in CHCI 3 and half order in Cl^, 
which statement about the relative rates of steps 1, 2 and 3 is 
correct? 

(a) Step 1 is the slowest 

(b) Steps 1 and 2 must both be slow 

(c) Step 2 must be slower than step 1 

(d) Step 3 must be the slowest 

31. In the reaction, 

3BrO“ —^ Br 03 + 2Br“ (aqueous alkaline medium at 8 (f C) 
the value of the rate constant in the rate law in terms of 

-^[BrO“] is 0.056 L moF* s^'. What will be the rate 
dt 

constant when the rate law is stated in terms of ^ [BrOj ] ? 

(a) 18.7 X 10’^ L mor' s’' (b) 37.4 x 10"^ L mol”' s'* 

(c) 0.0187 L mor* s'* (d) 18.7 x 10'^ L mol'* s'* . 

mint 1 d[BrO-] ^BrO^ , 1 4Br'] 

^ 3 dt ~ dt 2 dt 

Required rate constant = ^ 0.056 L mol * s'* 

= 0.0187 L mol'* s'*] ' 


32. The dependence of the rate constant for a reaction on 

temperature is given by the equation k = . 

Under what conditions is the rate constant k the smallest? 

(a) High T and large (b) High T and small 

(c) Low T and large E^ (d) Low T and small E^ . 

33. The activation energy of a certain reaction is 87 kJ mol'*’. 
What is the ratio of the rate constants for this reaction when 
the temperature is decreased from 37°C to 15°C? 

(a) 5/1 (b) 8.3/1 (c)13/l (d) 24/1 

34. Consider this reaction, 

2H2(g) + 2NO(g) —♦ NjCg) + IHjOig) 

The rate law for this reaction is: 

Rate =A:[H2][N0]^ 

Under what conditions could these steps represent the 
mechanism? ■ ■ . . ■ 


Step 1 : 2 NO N2O2 

Step 2 : N2O2 + H2-> NjO + HjO 

Step 3; NjO + Hj-> N 2 + H^O 

(a) These steps cannot be the mechanism under any 
circumstances 

tb) These steps could be the mechanism if step 1 is the slow 
step 

(c) These steps could be the mechanism if step 2 is the slow 
step 

(d) These steps could be the mechanism if step 3 is the slow 
^ step 

35. Propanone reacts with iodine in acid medium according to the 
following equation: 


II H" II 

CH 3 — C— CH 3 + 12 .-> CH 3 -- C— CHjl + HI 

These data were obtained ^en the reaction was studied; 


0 

11 

[CHj-C-CHjl.M 

% A. 


Relative 
' rate 

0.010 

0.010 '' 

0 

p 

1 

0.020 

0.010 

,/0.010 

2 

0.020 

0.020 

0.010 

2 

,01020 

0.010 

0.020 

4 


What is the rate equation for the reaction? 


(a) Rate = ii: [CHj — C—CHj] [Ij] 

O 

II . . 

(b) Rate = k [CH 3 — C— CH 3 

0 . 

' 11 

, (e)Rate = A:[CH 3 —/C-CHjJPillTl"] 

’ b 

-'ll 

(d) Rate = ft [CH 3 - C- CH 3 ][H"] 

36. Arrhenius equation ft = 

If the activation energy of the reaction is found to be equal to 
7?7’,then; 

(a) the rate of reaction does not depend upon initial 
concentration 

(b) the rate constant becomes about 37% of the Arrhenius- 
constant A 

(c) the rate constant becomes equal to 73% of the Arrhenius 
constant A 

(d) the rate of the reaction becomes in^nite or zero 

37. At 25°C, the values of rate constant, activation energy and 
Arrhenius constant of a reaction are 3 X 10”^ sec'*, 129 kJ/mol 
and 2 x 10 *^ sec'* respectively. 

The value of rate constant as F —> 0 ° is; 

(a) zero (b) 2 xl 0 *^ ( 0 ) 3 x 10 "^ (d) 6 xl 0 ** 

38. The observed rate of a chemical reaction is substantially lower 
than the collision ftequency. One or more of the following 
statements is/are true to account for this fact. 

A. the reactants do not have the required energy. 

. B. the partners do not collide in the proper orientation 

C. collision complex exists for a very short time. 

D. collision frequency over estimates the number of effective 

collisions (ISAT 2010) 

(a) A, B and C (b) A, B and D 

(c)B,CandD (d)A,CandD 

39. The reaction between NO and CI 2 takes place in the following 
two steps: 

*1 

. 1 . NO+Clj^F^^NOClj 
' H 
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11. NOCI 2 + NO - 


h 


-^2NOCl 


slow 


The rate law of overall reaction, 

INO + Clj->2NOCl 

can be given by: ^ 

(a)rate=;t[NOf[Cl 2 ] (b) rate =/t [NOHClj] 

(c) rate = k [NOCl][NO] (d) rate = k [NO][Cl 2 f 
40. Which of the following reactions will have fractional order for 


41. 


AB -> Products (fast) 

In which of the following, Eg for backward reaction is greater 
than Eg for forward reaction? 

E„ = 50 kcal 


(a) 

A - 

-—> B -, 

BH = 

: -10 kcal 



Eq - 50 kcal 



(b) 

A ■ 

-> B; 

A/f = 

= + 10 kcal 



Eg = 60 kcal 



(c) 

A ■ 

-> S; , 


= + 20 kcal 


(d) All of the above 

[Hint: ■ Mi^(Eg)^-(Eg\ 

= 50+10 = 


60 kcal] 


42. For n th order reaction depends.on (n # 1): 

- h/i 

(a) initial concentration only 

(b) ‘n’only 

(c) initial concentration and 'n' both 

(d) sometimes ‘n’ and sometimes initial concentration 

[Hint: Time for fractional change ] 

43. For a second order reaction, 2.4-> Products, a plot of log 

fi /2 vs log a (where, a is initial concentration) will give an 
intercept equal to which one of the following? (SCRA 2007) 

1 . r r 


(a) 


t. 

(C.)/Iog 


(b) log ■ 
\2.k 


(d) logk 


I 

[Hint: Kinetic equation 
second order reaction is: 


log ti /2 


for 



log a ■ 


k = - 

t 

when 


1 1 
(a- x) a 
a 

X = -,t = ty2 


1 1 


‘ 1/2 ' 


logr|/ 2 =-logk-loga] 

44. For a reaction taking place in three steps, the rate constants are 


k , kj and k,. The overall rate constant k ■■ 




. If the energy 


of activation values for the first, second and third stages are 


respectively 40,50 and 60 kJ mol 
activation in kJ mpr' is: 

(a) 30 (b)40 (c)60 

(e) 150 

[Hint: k 


', then the overall energy of 

[PMT (Kerala) 2008| 
(d) 50 




Ae 


■E/RT 




A 2 orS,? 

(a) .42 ^ 

A + A (fast) (b) A 2 ^ 

C(slow) 

.4 +S 2 ^ 

.45+ R (slow) C + 52^ 

£»(fast) 

.4 +R;f= 

=^:A4B(fast) £>+.42:^ 

— Products 

(c) R 2 ^ 

— 5 + 5 (fast) (d) All have fractional order 

.42 + 5 ^ 

— .45 + .4 (slow) 



45. 


g- EIRT ^ £| -£2 + E^iVRT 

E = E^ + E2-E^ 

= 40 +50-60 = 30kJmor*] 

For an exothermic reaction, following two steps are involved. 

Step 1. A+ B -> / (slow) 

Step 2. /-> AB (fast) 

Which of the following graphs correctly represent this 
reaction? 



Reaction - 
coordinate 

(a) 




coordinate 
(b) 



coordinate 
(c) 


Reaction - 
coordinate 
(d) 


46. A reaction takes place in three -steps with individual rate 
constant and activation energy. 

Rate constant 


Stepl 
Step 2 
Step 3 


'‘i 

^2 

^3 


Activation energy 
Eg^ = 180kJ/mol 

Eg^ = 80kJ/mol 
Eg^ = 50 kJ/mol 


overall rate constant, k 


\ h J 


' -overall activation eneigy of the reaction wilfbe ; 
(a)140kJ/mol (b) 150kJ/mol 

(c)130y/mol (d)120y/mol 

pint: .46 -^ - 




-4,1 


= |[180+ 80-50]=140U/fnol] 
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1. (d) 

2. (c) 

3. (c) ,, 

4. (b) 

9. (c) 

10. (a) 

11. (b) 

12. (c) 

17. (b) 

18. (b) 

19. (b) 

20. (b) 

25. (b) 

26. (b) 

27. (d) 

■ 28. (a) 

33. (c) 

34. (c) 

35. (d) 

36. (b) 

41. (a) 

42. (c) 

43. (d) 

44. (a) 


5. (a) 

6. (b) 

7. (b) 

8. (a) 

13. (b) 

14. (d) 

15. (c) 

16. (b) 

21. (b) 

22. (b) 

23. (c) 

24. (d) 

29. (b) 

30. (c) 

31. (c) 

32. (c) 

37. (b) 

38. (a) 

39. (a) 

40. (a,c) 

45. (a) 

46. (a) 




Integer Answer TYPE QUESTIONS 


This section contains 10 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question numbers 
X, Y, Z and W (say) are 6,0,9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figure; 


X Y z w 


0® (D© 



1. In the reaction, ^->5 when the initial concentration of 

reactant is halved, the half-life increases by a factor of eight, 
what will be the order of the reaction? 

2. Rate of a chemical reaction increwes by 1024 times by 100°C 
rise in temperature; the temperature coefficient of the reaction 
will be; 

3. The rate of a reaction at 10 sec intervals are as follows : 


Time (sec) 

Rate 

(mol L~‘ sec'*) 

0 

4.8xl0'^- 

10. 

4.79x10'^ • 

20 

4.78x10'^ 

30 

4.81x10'^ 


What will be the order of the reaction? 

4. How many times of the half-life will require to complete 75% 
of a reaction of first order? 


5. Ozone depletion takes place as : 

203(g) -^ 302(g) 

Step 1 : 03 (g)^ 02(g)+ 0(g) (fast) 


Step2; 03 (g) + [0]-U 202 (g) (slow) 

ofder of the reaction will be : 

b. If the t ,/2 for a first order reaction is 0.4 min, the time of or 
99.9% completion of the reaction is.min. 


7. Consider following parallel first order reactions 
fi(t,/2=4hrs) 

C (ti /2 = 12hrs) 

The half-life for the decay of A is.hrs. 

8. The half-life period of a first order reaction is 1 hr. What is the 
time in hour taken for 87.5% completion of the reaction? 

9. The half-life of a reaction is doubled • when the initial 
concentration is doubled, The order of reaction is : 

10. For the reaction A 2 + 2 B -^ 2AB, the following data were 

observed: 

Exp. No. 

1 . 

2 . 

3. 

The overall order of the reaction will be ; 


\Al 

m 

Rate 

(molt* s'*) 

0 . 1 . 

0.01 

1.5x10'^ 

0.1 

0.04 

6.0x10'^ 

0.2 

0.01 

3.0 X 10'^ 




1 . (4) 2. (2) 3. (0) 4 . (2) 5. (1) 6. (4) 7. (3) 8. (3) 

9. (0) 10. , (2) . 
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O Linked Comprehension IVpe Questions 



• Passage 1 

A collision between reactant molecules must occur with a certain 
minimum energy before it is effective in yielding product molecules. 
This minimum energy is called activation energy E^. Larger is the 
value of activation energy, smaller is the value of rate constant. 
Larger is the value of activation energy, greater is the effect of 
temperature rise on rate constant k. 



Ej- = Activation energy of forward reaction 
Ef, = Activation energy of backward reaction 
hH = Ej-Et, 

Ef = Threshold energy 
Answer the following questions: 

1. If a reaction, A + B -^ C, is exothermic to the extent of 30 

kJ/mol and the forward reaction has an activation energy of 
249 kJ/mol, the activation energy for reverse reaction in 
kJ/mol is: 

(a) 324 , (b)279 (c)40 (d) 100 

2. For the following reaction at a particular temperature, 
according to the equations, 

2N2O5- 5 - 4NO2 + O2 

2NO2 + i O2 ^-> NjOj 

the activation energies are and £2 respectively. Then: 

(a)^, >£2 (b)£i<£2 (c)^^i= 2£2 (d)^/^^ = l 

3. In a hypothetical reaction, A the activation energies for 
the. forward and backward reactions, are 15 and 9 kJ itoF' 
respectively. The potential energy of ,4 is 10 kJ moF*. Which 
of the following is wrong? 

(a) Threshold eneigy of the reaction is 25 kJ 

(b) The potential energy of 5 is 16 kJ 

(c) Heat of reaction is 6 kJ 

(d) The reaction is exothermic 

4. For two reactions, activation energies are E^,^ and E^^; rate 

constants are kj and ^2 at the same temperature. If Aj > 
then: 

^ =^<-2 


5. The rate constant of a certain reaction is given by 

k = (where A = Arrhenius constant). Which fector 

should be lowered so that the rate of reaction may increase? 
(a)r (b)Z (c)^ (d)£„ 

6 . The activation energies for forward md backward reactions in 
a chemical reaction are 30.5 and 45.4 kJ moF‘ respectively. 
The reaction is: 

(a) exothermic 

(b) endothermic 

(c) neither exothermic nor endothermic 
■ (d) independent of temperature 

• Passage 2 

The energy profile diagram for the reaction: 

COig)+N02ig)^C02(g) + NO{g) 
is given below: 



Answer the following questions: 

1. The activation energy of the forward reaction is: 

(a)x (b)y (c)x+y (d)x-j 

2- The activation eijeigy of the backward reaction is; 

(a)x (h)y (c)x+j .(d)x-y 

3. The heat of the reaction is; 

(a)x •- (b)y , (c)x+y <d)x-y 

4. The threshold energy of the reaction is: 

(a)x+5'-z - y+ z (c)x+y+z (d)x-y-z 


• Passage 3 

Population growth of humans and bacteria follows first order 
growth kinetics. Suppose 50 bacteria are placed in a flask containirig 
nutrients for the bacteria so that they can multiply. A study at 35°C 
gave the following results: 

Time (minutes) 0 15 30 45 60 

Number of bacteria 100 200 'MIO 800 1600 


Answer the following questions: 

1 . The rate constant for the first order growth of bacteria can be 
calculated using: 


(a) k '■ 


2.303 


logic 

\a-x 


(b) ^ = 


2.303 


log 


" a ^ 


a + X 


t 
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ic)k: 


0.693 


(d) k: 


2. Unit of rate constant for first order growth is: 

(a) min“‘ (b) min^ (c) min“^ (d) unitless 

3. The rate constant for the reaction is: 

(a) 0.0462 tnin”^ ,(b) 0.462 min"' 

(c) 4.62 min"' * (d) 46.2 min"' 

The rate of growth initially is: 

(a) 4.62 bacteria per min (b) 23.1 bacteria per min 
(c) 23.1 bacteria per sec (d) 0.231 bacteria per sec 
At what time, there will be 6400 bacteria in the flask? 

(a) 150 min (b) 90 min (c) 160 min (d) 120 min 


4. 


5. 


• Passage 4 

Order of reaction is an experimentally determined quantity. It 
may be zero, positive, negative and fractional. The kinetic equation 
of nth order reaction is: 


kx t = ■ 


1 


(«-l) 


1 


1 


(a-x)' 


,n-] 




Half life of nth order reaction depends on initial concentration 
according to the following relation: 

1 


1/2 


I 


Unit of the rate constant varies with the order but general relation 
for unit of nth order reaction is: 


Unit ofk = 


1 


cone. 


X time 


The differential rate law for nth order reaction may be given as: 

^=k[Ar- 

dt 

where, A denotes the reactant. 

Answer the following questions: 

1. The unit of rate and rate constant are same for a: 

(a) zero order reaction (b) first order reaction 
(c) second order reaction (d) half order reaction 

2. The rate constant for zero order reaction is: 

C„ . . Cq-C, 


(a)k = 
(c)k-. 


■-0 

It 

In 


2t 


(h)k = 

{d)k = ^ 

C, 


t 


where Q and C, are concentrations of reactants at respective 
times. 


3. The half life for a zera order reaction equals to: 


(a) 


1 k 


la^ 

For a reaction: 


(b) 


Ik 


(c) 


Ik 


(d) 


Ik 


r + ocr 


-4 lO" + Cl¬ 


in an aqueous medium, the rate of the reaction is given by 

4io~] _, jr][oci-] 

dt [OH"] 

The overall order of the reaction is: 

(a) ~1 (b) 1 (c) zero (d) 2 

5. In a chemical reaction A -> fl, it is found that the rate of the 

reaction doubles when the concentration of A is increased four 
times. The order of the reaction with respect to A is: 

(a) 0 (b) 1/2 (c) 1 (d) 2 


• Passages 

Consider the reaction represented by the .equation: 

_ CH,Cl{g) + Hp(g) - >CHfiH{g)yHCl{g) 

These kinetic data were obtained for the given reaction 
concentrations: 


Initial cone. (M} 


Initial rate of disappearance of 


-t 


1 
2 
8 

Answer the following questions based oh these data: 


fCM/ai 

mm 

Qs2 

0.2 

0.4 

0.2 

0.4 

0.4 


1. 


2 . 


The rate law for the reaction will be: 

(a) /- = k [CHjCllPjO] (b) r = k [CHjCl]^[H 20 ] 
{c)r=k [CHjCllEHjO]^ (d) r = k [CHjQf [HjO]'*' 


Order with respect to [CH 3 CI] will be: 

(a )0 (b)l (c )2 

3. Overall order of the reaction will be: 

(a) 0 (b) 1 (c) 2 

4. Unit of rate constant will be: 

(a) sec"' (b) litre^ mol" 

(c) litre mol"'sec"' (d) mol litre"'sec"' 

5. If H 2 O is taken in large excess, the order of the reaction will 
be: 

■ (a>l (b)0, (c)3 (d)2 


(d)3 

(d)3 


^ sec ' 




PasK^]. 

1. (d) 

2. (a) 

3. (d) 

4. (c) 

5. (d) 

Fassagel. 

1. (a) 

2. (c) 

3, (b) 

4. (c) 


rassaseS. 

1. (b) 

2. (a) 

3. (a) 

4. (a) 

5. (b) 

Passed. 

.1. (a) 

2. (b). 

3. (d) 

4. (b) 

5. (b) 

Paas:^ 5. ■ 

1. (c) 

2. (b) 

3.' (d) 

4. (b) 

5. (a) 


6. (a) 
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ASSIGNMENT NO. 8 


SECTION-1 

Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1, What is the order of reaction, 

A 2 + B 2 -> 2AB ? 


Mechanism; 


A + B • 
(b)l 


A + A 
’ AB'+B 
AB 


For a gaseous reaction, A{g) -> Product, which one of the 

dP dfi dc 

following is correct relation among —, — and — ? 

dt dtdt 


(— = Rate of reaction in atm sec ’; 
dt 


= Rate of reaction in 


molarity sec 

, . dc dn 
dt dt 


= Rate of reaction in mol sec’') 
dt 

~ If vfit~ 

— = — (d) None of these 


dt RT dt dt 

3. The rate law for a reaction between the substances A and B is 

given by the, rate = On doubling the 

concentration of A and halving the concentration of B, the 
ratio of the new rate to the earlier rate of the reaction will be 

as: , 

(a)^ {b)m + n {c)n-m (d) 2 <'’-"’> 

4. A substance having initial concentration ‘ o' reacts according to 
zero order kinetics. What will be the time for the reaction to go 
to completion? 

(a)£ ■ (b)- , (c)^ • (d) — 

k a 2k a 

5. The rate constant for the reaction, 


2N205tg) — 
is 3x10“^ sec"’. If 
2.4 X 10“^ mol litre'' sec”' 
mol litre”’ is; 


(a)1.4 (b)1.2 (c)0.04 (d)0.8 

Half life of a reaction is inversely proportional to cube of 

initial concentration. The order of reaction is: 

(a) 4 (b)3 (c)'5 (d)2 

The oxidation of ammonia takes place as, 

•NH3(g)+ 303(g)-.2N2{g)+.6H30(g) 


^4N02(g)+ 02 (g) 
the rate of reaction is 
then the concentration of N 20 j in 


(b) 1.2 


if the rate of formation of N 2 is 0.7 M/s, determine the rate at 
which NH 3 is consumed: 


(a) 1.4 mol L's ’ 


(b) 0.7 mol L”V' 


.N2(g)+2H20(g) 


(c) 1.5 mol L’s”’ (d) none of these 

8 . Consider the reaction: 

2 H 2 (g ) + 2 NO(g)-> N 2 (g ) + 2 H 20 (g ) 

The rate law for this reaction is; 

Rate=A'[H 2 ][NO]^ 

Under what conditions could these steps represent the 
mechanism? 

Stepl: 2 NO(g).;=iN 202 (g) 

Step 2: N 2 O 2 + H 2 -» NjO + HjO 

Step 3: N 2 O + H 2 -> H 2 O + N 2 

(a) These steps can never satisfy the rate law 

(b) Step 1 should be the slowest step 

(c) Step 2 should be the slowest step 

(d) Step 3 should be the slowest step 

9. Which of the following is not for zero order reaction? 






10. I. 


(a-x) —► 

. (c) 

= ISkJmor'; 


I. £„ = 15 kJ mol”'A// = - 70'kJ mol”' 

II. £■<, = SOkJmol”'; A//= -15 kJ mol”' 

III. = 60 id mol”'; A// = + 20 kJ mol”' 

If above reactions are at same frequency factor then fastest and 
slowest reactions are: 

(a) III is fastest, II is slowest 

(b) I is fastest, III is slowest 

(c) ll is fastest, III is slowest 

(d) III is fastggt, J Is slowest 
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SECTION-lt 

Multiple Answers Type Objective Questions 
11. Which of the following graphs are correct? 






(c) (d) 


12 . 


Here ‘a' denotes initial concentration of reactants. 
Arrhenius equation may be given as: 


(a)lnil = ^ 

k RT 


(c) log 


RT 


(b) log yl = log A: + 


(d) 


d\nk 

dt 



Eg , 

23m RT 


(Reason). Each question has following 4 choices (a), (b), (c) 
and (d), out of which only one is correct. 


16. 


17. 


18. 


(a) Statement-1 is true; Statement-2 is true; Statement-2 is a 
correct explanation for statement-1. 

(b) Statement-1 is true; Statement-2 is true; Statement-2 is not 
a correct explanation for Statement-1. 

(c) Statement-1 is true; Statement-2 is false. 

(d) Statement-1 is false; Statement-2 is true. 

Statement-1; If temperature does not affect the rate of 
reaction, E^=Q. 

Because 

^atement-2: Lesser is the activation energy, slower is the 
rate. 

Statement-1: In the reaction: 


NO 2 (g ) + CO(g )-» CO 2 (g) + NO(g ) 

Rate = A:[N02f 

The rate of reaction does not depend on the concentration of 
CO. 


Because 

Statement-2: Carbon ihonoxide is involved in fast step. 
Statement-1: The reciprocal of time in which 66% of the 
reactant is converted to product is equal to the rate constant of 
first order reaction. 


Because 

Statement-2; The rate constant for first order reaction 
depends on initial concentration of reactante. 


13. 


14. 


15. 


Which of the following is/are correct for second order reaction? 
(a) is inversely proportional to initial concentration 


(b)A = ^ 


{C)k: 


(a 
2.303 


I _J_ 

- x) a 


log 



1 » 

{a - xf 



For a 1st order reaction: 

A -> 5, with initial concentration = a 

k 

W ^ 1/2 “ ~ (1^) h/4 ~ 2t|/2 

a 

iE)tv2 = ^ (d)r„2 = AX 0.693 

Select the correct statement for Arrhenius equation 


(a) "A' may be termed as the rate constant at very high 
temperature 

(b) may be termed as the rate constant at zero activation 
energy 

(c) £„ is the activation energy of reaction 

(d) k is rate of reaction at zero concentration 



Assertion-Reason Type Questions 

This section contains 3 questions. Each question of this 
section contains Statement-1 (Assertion) and Statement-2 


SECnOlHV 

Matrix-Matching lype Questions 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q); and (d-s), 
then correct bubbled 4x4 matrix should be as follows: 


a 


b 


c 


d 


p q r s 


B 


© 

□ 


□ 

□ 

© 

□ 

El 

m 

M 

M 


© 

□ 


19. Match the Column-I with Column-II: 


Column-I 

(a) Rate of reaction 

(b) Rate constant 

(c) Order of reaction 

(d) Molecularity of reaction 


Column-II 

(p) May be fractional 

(q) Whole number 

(r) Independent of temperature 

(s) Increase with temperature 








1. (c) 2. (b) 3. (d) 4. (a) 

9. (c) 10. (b) .11. (b,c) 12. (a,b) 

17. (a) 18. (c) 19. (a-s) (b'S) (c-p,r) (d-q,r) 


5. (d) 6. (a) 

13. (a,b) 14. (b,c) 

20 . (a-r) (b-p) (c-q) (d-s) 


7. (a) 8. (c) 

15. (a,b,c) 16. (c) 

21 . (a-p)(b-p)(c-q.r)(d-s) 








CHEMICAL EQUILIBRIUM 


9.1 INTRODUCTION 

It is a well established fact that many reactions do not go to 
completion. They proceed to some extent leaving considerable 
amounts of unreacted reactants, i.e., the resulting mixture 
contains both reactants and products. When such a stage is 
reached in a course of reaction that no further reaction is 
apparent, it is said in chemical language that the reaction has 
attained the state of equilibrium where the composition of the 
system becomes fixed. At equilibrium state both the forward arid 
backward reactions move with equal speeds, i.e., the rate of. 
disappearance of reactants is exactly equal to rate of the 
appearance of reactants from the products. The study of chemical 
equilibrium helps in the elucidation of the optimum conditions 
for the greater yields of the products in the case of those reactions 
which attain equilibrium in the course of reaction. 

Chemical reactions can be classified as irreversible and 
reversible reactions. 

Irreversible reactions: The chemical reactions which 
proceed in such a way that reactants are completely converted 
into products, i. e. , the reactions which move in one direction, i.e., 
forward direction only are called irreversible reactions. In such 
reactions, products do not react together to produce reactants 
again, /. e., the reaction does not move in backward direction. For 
example, when solutions containing equimolar concentrations of 
barium chloride and sodium sulphate are mixed, reaction occurs 
and practically whole of barium is precipitated as barium 
sulphate. 

BaCl 2 + Na 2 S 04 ——>BaS 04 + 2NaCl 

ppt- 

The reaction between BaS 04 and NaCl, i.e., backward 
reactiori, is not possible under the experimental conditions. In 
such reactions the arrow (—>) is placed between reactants and 
products which indicates the direction of the chemical change. 
Some more examples of irreversible reactions are given below: 


1. (a) Thermal decomposition of potassium chlorate, 

Mn02 

2 KCIO 3 -4 2KC1 + 3 O 2 

Heat 

(b) Decomposition of ammonium nitrite, 
NU4NO2 ->N2 +2H2O 

2. Precipitation reactions, 

(a) AgNOj + NaCl-> AgCl + NaNOj 

• (b) Pb(N 03)2 + 2KI-> Pbl 2 + 2 KNO 3 . 

3. Neutralisation reactions, 

H 2 SO 4 + 2NaOH->Na 2 S 04 + 2 H 20 

Strong acid Strong base 

4 . Redox and combustion reactions. 


(a) 

SnCl 2 + 2 FeCl 3 - 

—> SnCl 4 + 2 FeCl 2 

(b) 

• 2Mg + O 2 - 

2MgO 

(c) 

C 2 H 5 OH + 3 O 2 - 

2 CO 2 + 3 H 2 0 


Reversible reactions: The chemical reactions which take 
place in both directions under similar conditions are called 
reversible reactions. In such reactions, the products also react 
with each other and produce reactants again. For example, when 
hydrogen is passed over heated magnetic oxide, metallic iron and 
water are produced. 

Fe3 04 + 4 H 2 —->3Fe + 4H20 

On the other hand, if steam is passed over powdered iron at the 
same temperature, magnetic oxide of iron and hydrogen are 
formed. 

3Fe + 4 H 2 O --> Fe 304 + 4 H 2 

If the reaction is carried out in a closed vessel, it is found that 
in no case the reaction proceeds to completion. It is, thus, clear 
that either of the two reactions can take place independently if 
steam or hydrogen is.allowed to escape from system by carrying 
out the reaction in open vessel but if a closed vessel is used and 
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nothing is allowed to escape both forward and backward 
reactions can take place in the vessel. 

Reactions which thus proceed in both the directions and 
do not reach to completion are known as reversible reactions. 
The reaction proceeding from left to right is conventionally 
called the forward reaction and the opposite one proceeding 
from right to left is called the reverse or backward reaction. In 
such reactions the arrow {->)or sign of equality (=) is replaced 
by two half arrows (?=^) pointing the reaction in both the 
directions. This sign (^=i) represents the reversibility of-the 
reaction. 

3Fe + 4 H 2 O Fe 304 + 4 H 2 

Some examples of reversible reactions are given below: 
CaCOj ;?=iCa0+C02 

CH3COOH + C2H50Hi==i CH3COOC2H5 + H2O 
2HI^=^H2 +I 2 
PCI5 ;F=^Pa3 +CI2 
N 2 +3H2:f=^2NH3 
2 SO 2 + O 2 2 SO 3 

N2+02^=^2N0 
NH4HS^NH3+H 2 S 
CO 2 +H2^=^C0 + H20 

9.2 STATE OF CHEMICAL EQUILIBRIUM 

The most important characteristic property of a reversible 
reaction is that it always attains a state of chemical equilibrium. 
Consider a general reversible reaction in a closed vessel. 

A ~i' B \ C + D 

In the initial state only A and B are present both react with each 
other, ie., rate of forward reaction is maximum as only the 
concentrations of A and B are involved (at the beginning, the 
concentrations of products C and D are nil). As soon as the 
products C and D are produced, the backward reaction starts 
functioning. By the expiry of time, the rate of forward reaction 
decreases as the concentrations of A and B decrease while the rate 
of backward reaction increases as the concentrations of products 
C and D increase. Ultimately, a stage comes when the rate of 
forward reaction becomes equal to rate of backward reaction. 
This state is called the equilibrium state. 



At equilibrium state, 

Rate of forward reaction = Rate of backward reaction. 

It can be shown graphically as in Fig. 9.1. 

Thus, chemical equilibrium in a reversible reaction is the 
state at which both forward and backward reactions or two 
opposing reactions occur at the same speed. 

This state will continue indefinitely if the conditions such as 
temperature and concentration are not changed. At the state of 
equilibrium, the concentrations of reactants and products in the 
reaction mixture attain a constant value and the concentrations do 
not change with time. 

When hydrogen gas and iodine vapoure are heated in a closed 
vessel at a constant temperature 717 K, the two react to form 
hydrogen iodide. In the initial stage, the colour of the reaction 
mixture is deep violet due to the presence of large amounts of 
iodine. But as the reaction progresses, the intensity of the colour 
decreases as more and more iodine is converted into hydroge-. 
iodide. After sometime, the intensity of the colour of the reaction^ 
mixture becomes constant. The constancy of intensity of colour 
indicates that concentration of both reactants and products have 
become constant and state of equilibrium has been attained. 

. The stage of the reversible reaction at which the 
concentrations of the reactants and products do not change 
with time is called the equilibrium state. 

Or 

The state in which the measurable properties of the system 
(such as pressure, density, colour or concentration) do not 
undergo any further noticeable change with time under given 
set of conditions is said to be a state of equilibrium. 

The equilibrium state is dynamic and not static in nature. The 
reaction does not stop but both the opposing reactions are going 
on continuously with same speeds. At this stage, the number of 
moles of substances produced per second in the forward reaction 
is equal to the number of moles of substances which disappear 
per second in the backward reaction. 

Characteristics of Equilibrium State 

(i) Equilibrium state can only be achieved if a reversible 
reaction is carried out in closed space. 

No product can leave nor any reactant from outside can enter 
the space. If the system is not closed, some of the products may 
escape and thus, the backward reaction will not occur. 

(ii) Chemical equilibrium, at a given temperature, is 
characterised by constancy of certain properties such as pressure, 
concentration, density or colour. 

(iii) Chemical equilibrium can be attained from either side, 
i. e ., from the side of reactants or products. 

2HIi=^H2+l2 

or H 2 +l 2 ^=^ 2 HI- 

At equiUbrium, each reactant and each product has a fixed 
concentration and this is independent of the fact whether we start 
the reaction with the reactants or with the products. 


Fig. 9.1 
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This reaction can be graphically represented as, 



Fig. i.2 


(iv) Equilibrium state can be attained in a lesser time by 
the use of a positive catalyst, L e., the relative concentrations 
of reactants and products remain the same irrespective of 
the presence or absence of a catalyst. Thus, a catalyst does 
not change the equilibrium state but it helps in attaining it rapidly. 

(v) It is dynamic in nature, i. e. ,both the reactions move with 
same speed. However^ the reaction seems to have come to stand 
still because the concentrations of reactants and products do not 
change. / 

Reversible chemical reactions are classified into two types 
heterogeneous and homogeneous reactions. 

Heterogeneous reactions: The reversible reaction in which 
more than one-phase is present. 

CaCOals) CaO( 5 ) + C 02 (g) 

MgC03(5)^MgO(s)-tC02(f) , . 

' 2 Na 202 (s) + 2 H 20 (I)4NaOH(/) + Ojfe) 

3Fe(s) + 4 P 20 (/) ^^iPejO^Cs) + dHjIg) 

Homogeneous reactions: The reversible reaction in which 
only one-phase is present, i. e., all the reactants and products are 
in the same physical state. 

. H 2 (g)+ 12 (g) ^ 2 HI(g) 

CH3C00H(/) -p C2H50H(/) ^ CH3eOOC2H5(/) -p HjOC/) 

Homogeneous reversible reactions are further classified into 
three types: 

First type: When there is no change in number of 
inolecules. Examples are; 

(ii) H 2 -Pl 2 ^ 2 HI 

(ii) ' 2 N 0 ^=^,N 2+02 

(iii) CHjCOOH-pCjHsOH^^^CHsCOOCjHs -PH 2 O 

Second, type: When there is an increase in number of 

molecules. 

PCI 5 ^==±PC 1 ^+CI 2 
■ 2 NH 3 ^=^N 2 -P3H2 

Third type; When there is a decrease in number of 
molecules. 

. \ N 2 fSHj T=i 2 NH 3 

2 SO 2 -P O 2 2 SO 3 


9.3 THE LAW OF CHEMICAL EQUILIBRIUM 
(Application of Law of Mass Action) 

Consider a reversible homogeneous reaction which has attained 
equilibrium state at a particular temperature. 

A + B ^ . - C + D 

Let the active masses of A,B,C and Z) be [yl],[R],[C] and [D] 
respectively at equilibrium. 

According to law of mass action, 

Rate of forward reaction OQ 
or Rate of forward reaction = kj- [A}{B} 

(where, is the velocity constant for forward reaction). 
Similarly,. 

Rate of backward reaction oc [CID] , 
or Rate of backward reaction = [C][Z)] 

(where, is the velocity constant for backward reaction). 
At equilibrium, — 

Rate of forward reaction = Rate of backward reaction, 


i. e ., 
or 


k^[A][B] = k,[C][D] 
_ [C][i3] 

h M][^] 


Since, kj and A^ are both constants, the ratio Aj/Aj is also a new 
constant say ' 1 


K 

' [Am 


... (i) 


is known as equilibrium constant. has a definite value 
for every chemical reaction at a given temperature regardless of 
the concentration of the reactants. 

Considering a more general homogeneous reversible reaction 
at a particular temperature which is under chemical equilibrium, 
niiAj + miAi -P nh,Aj, + -P n2-®2 + ” 3-^3 

Rate of forward reaction = kj- [A^ [^ 2 t ^3 ■ 


Rate of backward reaction = A^[Sj ]"* {521"^ [^ 3 1"’ • • ■ 


At equilibrium, 

^/[^ir‘[^2r[^3r ...=A,[R,f>[52r[S3r 
kf _ [Rir[R2r[g3p 
ki [A.riA^riA.r... ^ 


(ii) 


The equilibrium constant, at a given temperature, is the 
ratio of the rate constants of forward and backward 
reactions. 

Or 

The equilibrium constant may be deflned as the ratio 
between the product of the molar concentrations of the 
products to that of the product of the molar concentrations of 
the reactants with each concentration term raised to a power 
equal to stoichiometric coefficient in the balanced chemical 
equation. 
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The value of equilibrium constant is independent of the 
following factors: 

1 ; Initial concentrations of the reactants involved. 

2 . The presence of a catalyst. 

3 . The direction from which the equilibrium has been 
attained, 

4 . The presence of inert materials. 

The value of equilibriurn constant depends on the following 
factors: 

1 . The mode of representation of the reaction: 
Conventionally, the concentrations of the products are put in the 
numerator and the concentrations of the reactants in denominator 
in the equilibrium law equation. Consider the reversible reaction, 

The equilibrium constant for the reaction, 

[C][D] 




(i) 


[^][^] 

Now, if the products are made reactants, L e ., the reaction is 
reversed, 


The equilibrium constant for the reaction is 


Kl. 


,L1M1 

[C][Z)] 


...(ii) 


The equilibrium constarit, K'^, is actually the reciprocal of 

2 . Stoichiometric representation of the chemical 
equation: (a) When a reversible reaction can be written with 
the help of two or more stoichiometric equations, the value of 
equilibrium constant will be numericaUy different in these cases. 
For exanqile, the dissociation of NO2 can be represented as: 

2N02:?^N2+202 ...(i) 

'2-^^N2+02 ' ...(ii) 

2 \ 


or 


NO. 


For equation (i), the value of 


For equation (ii), the value of K^' = 


mo^f 

[NO,] 


... (iii) 


...(iv) 


Thus, the two constants are related to each other as: 

= ...(V) 

In general, when a balanced equation having equilibrium 
constant , is multiplied by a certain value n, the equilibrium 
constant for the new equation will be equal to {K^)". 


A 


C + D, 

^ _IC 1 D] 

' [A][B] 

nG + nD, 

fr,_[CriD] 

' [Arm 




(b) Consider the following chemical equation, 

N2 (g) + O2 (g) + CI2 (g) ^ 2 NOCl(g) 
K [NOCl]^ 

' [N2][02][Cl2] 

Suppose the above equation is split into two as: 


N2{g) + 02(g)^2NO(g); 


K, =■ 


[NO] 


2 , 


[N2][02] 

[NOQ]^ 


2NO(g) + Cl2(g)^2NOCl(g); 

[NO]'[Cl2] 


Combining above two equations, 
[NO]^ [NOCl]^ 




[NOCl]^ 


[N2][02] [NO]2[Cl2] [N2][02][Cl2] 


(i) 




(iii) 




Thus, when an equation (having equilibrium constant, K^' ; 
written in two steps (having equilibrium constant and A'2 ), 
itienKc-KiXK2: 

3 . Use of partial pressures instead of concentrations: 
When the reactants and products are in gaseous state, the partial 
pressures can be used instead of concentrations at a definite 
temperature, as the partial pressure of a substance is proportional 
to its concentration in the gas phase. 

Consider a general reversible homogeneous gaseous reaction 

ntiAi +/« 2^2 + '”3^3.+ V ^ "1^1 +^ 2^2 +”3^3 +••• 

Let the partial pressures of various reactants and products be 
pA ^, pA2,pA-i, ..., and pB^, pB2, pB^,... respectively at 
equilibrium. The equilibrium constant for the reaction, 

{pB,r^{pB2)''HpB^r... 


ipA,npA2p{pA2r ... 

The value ofK^ for the above reaction can be given as: 
_ iB,p[B2r[B3r... 
[A,r[A2r[A2r... 

For an ideal gas, pV = nRT 


a:. 


...(i) 


...(ii) 


or 


p-^-RT 

V 


= Active mass X 

(where, n = number of moles and V = volume in litres. Thus, 
p = molar concentration or active mass). 

Substituting the values of partial pressures in eq. (i), 

[^1 (RT )"' • [B 2 ]’^XRT )"2 • [S3 r{RTf^ ... 




or K. 


or Kp = K 


Ml )'"• ■[A2]'^{RT)'"^ ■lA^r^RT)'"^ 

{[Si ]"■ [S2 ]”^ [S3 1 "^ . ■ .](RT )"i + "2 + "3 -*■ ■ ■ 

(RT f” 


(RT) 


£m 
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= K^iRT)^’' ...(iii) 

M = total number of molecules of gaseous products 

- total number of molecules of gaseous reactants. 
Three cases may arise: 

First case: When, An = 0, 

K^=K,(RTf=K, 

Second case: When, Aw = + ve or An>0, 

Third case: When, An = -ve or An < 0, 


Kp<K, 

4. Temperature: According to Arrhenius equation, 
k = Ae-^'‘^^ 


(i) 


wherCj ^ = rate constant, £= activation energy, i? = gas 
constant, T = absolute temperature and e = exponential constant. 


I ^2 

log — 
^1 

when, Tj > Tj 
for forwr-d reaction, 

log 

for backward reaction, 
log 


2303R 


J_ 

T2 


1 


... (ii) 



Ej 

' 1 

1 " 


2303R 

72 



J 


2303R 


J_ 

Ti 


, (iii) 


... (iv) 


Subtracting eq. (iv) from eq. (iii), we get 
log 


or 



{Ef-E,) 

' 1 

1 " 


2303R 

J 2 



AH 

" 1 

1 ^ 


2303R 

Ti 




... (V) 


where, AH is the heat of reaction at constant volume and 
'.^1 and if 2 ^^e the equilibrium constants of a reaction at 
temperatures Tj and Tj (Ji > Ty ). 

The effect of temperature can be studied in the following three 
capes: 

First case: AH = 0, i. e. .neither heat is evolved, nor absorbed. 
So,! log i :2 - log if) = 0 

or log 1^2 = log ifi 

or K 2 =Ky 

Thus, equilibrium constant remains the same at all 
temperatures. 

Second case: When, AH - + ve i. e., heat is absorbed, the 


reaction is endothermic. The temperature T 2 is higher than Ty . 


Thus, 


1 


1 


\T2 


So, 


IS negative. 

hj 

log K 2 - log Ky = + ve 


or log ifj > log if) 

or K 2 > Ky 

The value of equilibrium constant is higher at higher 
temperature in the case of endothermic reactions. 

Third case: When AH = - ve, i. e., heat is evolved, the 
reaction is exothermic. The temperature T 2 is higher than Ty. 


Thus, 


J_1_ 


is negative. 


So, 


or 

or 


ij 

\- 0 gK 2 - log All 
log Ky > log ^^2 

Ky >K2 


ve 


The value of equilibrium constant is lower at higher 
temperature in the case of exothermic reactions. 



(a) Endothermic reaction (b) Exothermic reaction 

(Plots of log K versus T) 


Fig. 9.3 


Units of Equilibrium Constant \ 

The units of equilibrium constant vary in case of different 
reactions. ‘K’ has no units for a reaction in which total number of 
moles of reactants and products are the same. For example, for 
dissociation of nitric oxide, K^ has no units. 

2NO^==iN2+02 
^ _[N2][02] 

^ C 9 

[NO]? 


K^ wilt have units for a reaction in which the total number of 
moles of reactants and products are different. For example, for 
decomposition of PCI 5 , the K^ has mol/litre units. 

PCI 5 ^=^PCl 3 +CI 2 
K - [PCl3][Cl2] 

[PCI 5 ] 

In the formation of ammonia, 

N 2 + 3 H 2 ^=i2NH3 
[NH3]^ 

Kc =-^ 

[N2][H2]' 

K^ has litre ^ mor^ units. 

In general; unit of = [Af.]^ 
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where, M = mol litre ' and Ah = number of gaseous moles of 
product or products - number of gaseous moles of reactant or 
reactants. 

Note: (i) The above relation can be used in homogeneous liquid system 
also 

Ah = number of moles of product or products 

- number of moles of reactant or reactants 
(ii) Similarly, the unit oiK^ = [atm] ^ ^ 

where. Ah = number of gaseous moles of product or products 

- number of gaseous moles of reactant or reactants. 

9.4 REACTION QUOTIENT OR MASS 
ACTION RATIO 

Let us consider a reaction: 

A+B^^C + D 
Q.^ [C][0] 

Q is denoted as or Qp depending upon whether the 
concentration is taken in terms of moles per litre or partial 
pressures respectively. With the help of mass action ratio we cap^ 
determine whether the reaction is at equilihrium or not. 

(I) When, gj, = or Qp = Kp then the reversible reaction is 
at equilibrium, i. e., the rate of forward and backward reaction 
becomes equal. 

(II) When, Q^<K^ or Qp<Kp then the reaction is not at 
equilibrium. The reaction will be fast in forward direction, i. e., 
reaction has a tendency to form product/products. 

Rate of forward reaction > Rate of backward reaction. 

(III) When, Q^> or Qp > Kp then again the reaction is 
not at equilibrium. The reaction will be fast in backward 
direction, i. e., have a tendency to form reactant/reactants. 

Rate of forward reaction < Rate of backward reaction. 

Q = 0 K Q = oo 


(Reactant only) (Product only) 

- _^\ 

Reaction goes towards 
right, forming more products 

y 


< Reaction goes towards 
left, forming more reatAants 


: :::;:|Msome Solved Examples\ £2;;: :: 


Example 1. For the reactions, 


Nj +3//2 ^^=^2A7/3 


write down the expression for equilibrium constant and if'. 
How is related to 

Solution: For equation Nj + 2 NH 3 , 


[NH3f 

[N2][H2]' 



and for equation, NH 3 , 

_ [NH 3 ] 

Squaring equation (ii), 

[NH.f 

[N2][H,f 

Equations (i) and (iii) are same 
Thus, = (if; y 

or = 


...(ii) 

... (iii) 


Example 2. The equilibrium constant for the reaction, 


N2 + 2O2 2NO2 

at a particular temperature is 100. Write down the equilibrium 
law equations for the following reactions and determine the 
values of equilibrium constants: 

2N02^^N2+ 2 O 2 , ...(i) 

N02^y2N2+02 ...(ii) 

Solution: The equilibrium constant for the reaction. 


N 2 +202^=^2N02 
[N2][02]' 

The equilibrium constant equation for reaction (i), 
_[N2][02]' , 

^ I-5 

[NO 2 ]' 

This equation is reciprocal of eq. (a) 

So, = —= —= 1x10“^ 

100 

The equilibrium constant equation for reaction (ii), 

' [NO 2 ] 


,.(a) 

... (b) 



Comparing eqs. (b) and (c), 

K 2 =2lK = Via^=10“' =0.1 

Examples. The value of K ^ for the reaction, 
N2{g)+3H2ig)^2NH2(g) 
is 0.50 at 400°C. Find the value of Kp at AQQ°Cwhen concentra¬ 
tions are expressed in mol litre^^ and pressure in atmosphere. 
Solution: Applying the relationship, 

Kp^KyRT)^ 


= 0.50, R = 0.082 litre-atm degmol 

7(400+273)= 673K,. Ah = (2-4)=-2 
7:^=0.5(0.082x673)^^ 

= 0.5(55.185)“'^ =1.64 xl0“'‘ 
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Example 41 Determine for the reaction, 

\Nj{g)^-02{g) + \Br^{g)^NOBfig} 
1.1 1 - 

from the following data at 298 K; 

The equilibrium constants for the following reactions, 

2NO(g)^N2(g) + 02{g) 


and 


NOig) + ^Br2 ig)^NOBrig) 


are 2.4 x 10^® and 1.4 respectively. 

Solution; The net reaction is, 

+ |Oj(g) + ^ NOBrte) 


K 


[NOBr] 


^’(nei) 


rN 2 ]''^[ 02 f'[Br^] 


1/2 


Considering the given equations: 

2NO(g) Njlg) + Ojlg); equilibrium constant = 2.4 x 10^® 

Njte) + O,!?) . .— 2NO(g); equilibrium constant =-i—- 

2.4 X 10“ 

iN2(g) + i02(g)^N0(g); 


Equilibrium constant = 


1 


.1/2 


2.4 X 10 


30 


[NO] 




= 0.6455x10 


- = K: = 0.6455x10 


1-15 


-15 


...(i) 


NO(g) + ^ Br^Eg) ^ NOBr(g) 


^ [NOBr] 

[NO](Br2f^ 

Multiplying both equations 
[NO] [NOBr] 


■■K"=l.4 


(ii) 


[N2]‘''[02]"2 [NO][Br2] 


=ii:'xi(:" = 0.6455xl0"‘=’xl.4 


or 


[NOBr] 


[N2]''^,[02f2[Br2] 


_=r =0.9037x10 

1/2 R«a) 


-15 


= 9.037x10 


,-16 


Example 5. The equilibrium’ constant, , for the 
reaction ■ 

^2 (f) + 3/^2 (S) ^ 27 VH 3 (g) is 1 .6 x 10-“ atm at 400“C. 

What will be the equilibrium constant at 500°C if heat of 
reaction in this temperature range is - 25.14 keal? 


Solution: Using the relation, 

log%_ ^ 


Kp, 2.303i? 


T 2 -T, 
. TfT,- 


Given, 


=1.6x10-“; Aff = -25.14kcal; 


/? = 2 xl 0 ^ kcaldeg 'mol ' 


r, =400 -I- 273 = 673 K, T, = 500 -E 273 = 773 K 


log 


K 


Pi 


-25.14 


(l;6xl0-“) 2.303x2x10"^ 

log /:^ = log ( 1 . 6 x 10 -“)- 


773 - 673 . 
173x673^ 

25.14x10^ xlOO 


^ ' 2.303 x 2 x 773 x 673 

= - 3.7960 - 1.049 = - 4.8450 
=1.429 xl0~* atm-^ 

Example 6. The equilibrium constant for the reaction, 
H2ig) + S(s)^H2Sig) 

is 18.5 at 925 K and 9.25 at 1000 iT respectively. Calculate the 
enthalpy of the reaction. 

Solution: Using the relation. 


K, 


AH 


log — =- 

K^ 2.303R 

9.25 AH 


Tt-f 

T 1 T 2 


log 


75 


18.5 2.303x 8.314 925x1000 

0.301 = . 


2.303x8.314x925x1000 
or M/ = -71080.57 Jmor' 

fUlMW OF OilECTIVi QUESTIONS 


1. For the hypothetical reactions, the equilibrium constant (K) 
values are given: 

A B-Ki=2;B C; Kj = 4; C D,K^ = 3 
The equilibrium constant {K ) for the reaction A D is: 

[PMT (Kerala) 2005] 

(a)48 •' (b )6 (c)2.7 (d) 12 

(e) 24 
[Ans. (e)] 

pint: The reaction A .- D is obtained by adding the three 

given reactions. 

. k: = k:, X .^2 X ^3 = 2 x 4 X 3 = 24] 

2. If, in the reaction N 204 (g) 2 N 02 (g), a: is that part of 

N 2 O 4 which dissociates, then the number of molecules at 
equilibrium will be: (KCET 2005) 

(a)l (b)3 

(c)(l + x) (d)(l + j:)^ 

[Ans. (c)] 

pint: N204 ^=i2N02 


1-X 


0 

2x 


Total of molecules at equilibrium = l- x+ 2x = (i + x)] 
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3. A schematic plot of In vs 

inverse of temperature for a 
reaction is shown in the figure. 

The reaction must be: 

(AIEEE 2005) 

(a) exothermic 

(b) endothermic 

(c) one with negligible enthalpy change 

(d) highly spontaneous at ordinary temperature 
[Ans. ' (a)] 



[Hint: K=Ae 


dJf/MT 


log = log ^ - 




" 2303 RT 

Y = C + MX 

Slope of the line will be positive, when, AH ° =-ve, i.e., the 
reaction is exothermic.] 

4. Given: 

N2(g)+3H2(g)^2NH3(g); 

N2(g) + OoCg) ^ 2NO(g); 

H 2 (g) + 4 02(g) ^ HaOte); K, 


The equilibrium constant for 

2NH3(g) +1 02 (g) ^ 2NO(g) + 3H20(g) 


will be: 

(.a)K,K2Kj (b) 


Ml 

K, 


(0^ 


K, 


[CBSE (Med.) 20071 




[Ans. (d)] 
[Hint: = 


[NHaf 

[N2][H2]^ 




[NO]" 

[N2][02] 


;Ky. 


[H 20 ] 

[H2][02) 


The equilibrium constant for 


2NH3(g)+2 02(g) = 


:2N0(g) + 3H20(g) 


will be: 




X 


■] 


5. What is the equation for the equilibrium constant (K ^) for the 
following reaction? (EAMCET2006) 

2 


(a) : 

(c) K, 


i^(g)+i5(g); 


3 


C{g) 


[Cj- 

[C 


3/2 


i2/3 




(b) K, 
(d) K_ 


[C]- 


i3/2 


[^f[5f 


IC] 


,2/3 




[Ans. (c)] 

DHHnt: Coefficient goes to the power of respective active mass. 


K = 


[C 


,2/3 




6. For the following three reactions ( 1 ), (ii) and (iii), equilibriuii). 
constants are given; 

(i) CO(g) + HjOlg) ^ C02(g)+Hjlg); 


(ii) Cn,(g) + H20(g) ^ CO(g) + 3H2(g); 

(iii) CH, (g) + 2Hfi(g) ^ CO 2 (g) + 4H2(g); K, 

Which of the following relations is correct ? (AIEEE 2008) 
(2)K,kI = K^ (h)K,4K^ = K, 

{c)K2K^=K^ (d)Kj=K^K2^^ 

[Ans. (d)] ■ , 

[Hint : Reaction (iii) is obtained by adding (i) and (ii) hence 
K2 = K^xK2] 

9.5 ACTIVATION ENERGIES FOR 
FORWARD AND BACKWARD 
REACTIONS 

In a reversible reaction, the molecqles of the reactants in the 
forward reaction and the molecules of the products in the 
backward reaction follow the same path and. foim the same^ 
activated complex. However, the activation energies of both 
forward and backward reactions are different. Fig. 9.4 (a) and (b) 
show the activation energies, (/) and (&) respectively, for 
the forward and backward reactions for exothermic and 
endothermic reactions. Mathematically, E^ (/) and E^ (b) are 
related to overall energy change, EE, in the process as; 

EE = E^(f)-E^{b) = EH (At constant volume) 


Threshold energy 



Progress of reaction —► 

If’ 

Fig. 9.4 (a) Activation 
energies for the forward and 
backward reactions where 
forward reaction is 
exothermic 

For exothermic reaction, 


Threshold.energy 



. Progress of reaction —* 

Fig. 9.4 (b) Activation 
energies for the forward 
and backward reactions 
where forward reaction 
is endothermic 


E,if)<EAb) 

Thus, EE is negative. 

6n the other hand, for the endothermic reaction, 
E,{f)>E,ib). , 


Thus, EE is positive 

Heat of reaction EH = Activation energy of forward reaction 
-Activation energy of backward reaction., 
Example?. For the dissociation of gaseous HI, the energy'- 
of activation is 44.3 kcal. Calculate the energy of ac tiva tion for ' 
the reverse reaction. Given, EH for the formation ofl mole of HI 
from H 2 and 1 2 is -1.35 kcal. 


Solution: 


2HI(g) ^ H 2 (g) + 12 (g); E, = 44.3kcal 



600 


G.R.B. Physical Chemistry For Competitions 


^H 2 (g)+il 2 (g)^=^Hi(g); AF = -1.35kcal 

2HI(g);=^H2{g) + 12 (g); M£=2xl.35 = 2.70kcal 

MI = E,{f)-E^ib) , 
2.70=44.3-£'„(6) 

^^(6) = (44.3-2.70) 
or =41.60kcal 

Exainple 8. For a reaction X -^Y, heat of reaction is 
+ 83.68 kJ, energy of reactant X is 167.36 kJ and energy of 
activation is.209.20kJ. Calculate (i) threshold energy (if) energy 
ofproduct Y and (iti) energy of activation for the reverse reaction 

{Y^xy. 

Solution: (i) Given, E^ (/) = 209.20 kJ 
' A£ = + 83.68kJ 
Energy of reactant, = 167.36 kJ 

Threshold energy = Energy of reactant + Activation energy 

for forward reaction 
= 167.36 +209.20= 37656 kJ 

(ii) Energy of reaction, AE = Energy of product - Energy of 

reactant 

Energy of product = 83.68 +167.36 = 251.04 kJ 
(iii) Activation energy for backward reaction 

= Threshold energy - Energy of product 
= 376.56-251.04 = 125.52 kJ 


9.6 STANDARD FREE ENERGY CHANGE 
OF A REACTION AND ITS 
EQUILIBRIUM CONSTANT 

Let AG° be the difference in free energy of the reaction 
when all the reactants and products are in the standard state 
(1 atmospheric pressure and 298 K) and or Kp be the 
thermodynamic equilibrium constant of the reaction. Both are 
related to each other at temperature T by the following relation: 
AG°=-2.mRTlog 

and AG° = - 2.303 RT log Kp (in case of ideal gases) 

This equation represents one of the most important results of 
thermodynamics and relates to the equilibrium constant of a 
reaction to a tliermochemical property. It is sometimes easier to 
calculate toe free energy in a reaction rather than to measure the 
equilibrium constant. 

Standard free energy change can be thermodynamically 
calculated as: 


AG°=AH°-rA5'° 

Here, AH° = standard enthalpy change, 
AS° = standard entropy change, 
-RT\og^Kp=^lKH°~mS° ■ 

, ^ AS° MT 

log^ Kp -- 


logic= 


R RT 

AH° 


2.303^ 23Q3RT 



T 

Fig. 9.5 


(i) When, AG° = 0, then TcT, = 1. 

(ii) When, AG° > 0,i.e,,+ve, then.^^ < 1. In this case reverse 
reaction is feasible, i.e., less concentration of products at 
equilibrium state. 

(iii) When, AG°<0, i.e., -ve, then >1. In this ca^ 
forward reaction is feasible showing thereby a large 
concentrations of products till the equilibrium is reached. 

Example 9. For the reaction, 

2NOCl{g)^mO{g) + Chig), 

calculate the standard equilibrium constant at 29% K. Given that 
the values of AH° and AS ° of the reaction at 298 K are 77.2 kJ 
mol and \22JK~' moF^. 

Solution: Using toe relation, 

AG° = AH°-TAS° 

= 77200-298x 122 
= 40844 Jmor’ 

Let the equilibrium constant be . We know that. 


AG° = - 2.303i?r log 

__ AG° _ 40844 

2.303x8.314x298 2.303x 8.314x298 

= -7.158 
K° =6.95x10“® 


Example 10. AG° for ^N 2 (g) + ^H^(g)^NH,(g) 

is -IS.S.kJ mol Find out Kp for the reaction at 25°C. Also 

report Kp and AG° for + 3//2(g)^==^ 2AW3(g) at 

25°C. 


Solution: 

logiC^=- 


AG° 


(-16.5x10") 


2.303RT 2.303x8.314x 298 


■■2.%9\1 


=779.41 


Kp for reaction N 2 (g)+3H2(g) = 

(779.4!',- = 6.07x10^ 


: 2 NH 3 (g) is equal to 


= - 2.303 X 8.314 x 298 log 6.07 x 10^ joule 
= -32,998 kJmoP’ 
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9.7 EQUILIBRIUM CONSTANT 
EXPRESSIONS FOR SOME 
REACTIONS 

Case I: Homogeneous gaseous equilibria when, Am = 0. 

Synthesis of hydrogen" iodide: The formation of hydrogen 
iodide from hydrogen and iodine is represented by the equation: 

H2{g)+l2(g)^2HI(g) 

Let a start be made with ‘a’ moles of hydrogen and ‘ 6 ’ moles of 
I 2 . These are heated in a sealed bulb having a volume V litre by 
keeping the bulb in a thermostat till equilibrium is established. If 
at equilibrium, x moles of each of Hj and 12 have reacted, 2x 
moles of HI will be formed,, 

Thus, the active masses of various reactants and products 
present at equilibrium are: 


[H2] = 

[l 2 ] = 

[HI] = 


:i^molL^' 

V 

V 
2x 

— mol L 

r 


Applying law of mass action, 




[HI]' 


2x 

y.j 


4x^ 


[HjlHa] 


b-x) (a-x)(b-x) 


When, a = b = l,x becomes degree of formation of HI and 


K=- 


4x^ 


(1-xf 


The equilibrium constant, can also be calculated 
considering partial pressures of reactants and products at 
equilibrium. 

H2(gj+ 12 (g) ^2HI(g) 

Initial no. of moles a b 0 

No. of moles at equilibrium ’ {a-x) (b-x) 2x 

Total number of moles at equilibrium 

(a-x) +(b - x)+2x= ia + b) 

Let the total pressure of the system at equilibrium be P 
atmosphere. 

(a-x) 

Ph, = -- P 




Partial pressure of H 2 , 
Partial pressure ofl 2 , 
Partial pressure of HI, 

iPni f _ 


Ph 


Pm 


2x 
a + b 


(a + b) 
(b-x) 

(a + b) 
2x 

(a+ b) 

2 


■P 


4x^ 


(Ph.KPii) 


a + b 


Fx 


ya + bj 


(a-x)(b-x) 


Thus, Kp=K^ 

This also follows from the relationship, K ^ = K ^(RT )^". 

A« = 0, So Kp =K, , 

for all gaseous reactions of first type, and are, 
identical. Both K . and iC. have no units. 

pc 

4jc^ 

(a) Effect of pressure: The equation, = -, 

(a-x)(b-x) 

does not include the volume term; hence is independent of 
pressure. Thus, change of pressure will not alter the final state 
of equilibrium. 

(b) Effect of adding substances (Reactants or products): 
On adding H 2 to the equilibrium mixture, the value of 

denominator of equation =4x^/l(a-x)(b-x)] will 
increase. To maintain the constant value of K^, the value of 
numerator must also increase. This can happen if more of Hlis 
formed, i. e. , hydrogen combines with iodine to form more of HL 
Thus, the reaction moves in a direction in which the added 
hydrogen is used up. A similar effect is observed when iodine is 
added to the equilibrium mixture. 

The reverse effect is observed when HI is added to the 
equilibrium mixture, i,e., HI decomposes into H 2 and I 2 . 

(c) Effect of temperature: The formation of HI from 
H 2 andl 2 is an exothermic reaction, i.e., by increasing 
temperature, the value of equifibrpm constant, K^, decreases. 
Thus, the yield of HI decreases, i. e., high temperature is not 
favourable for greater yield of HI. 

(d) Effect of adding an inert gas; Addition of an inert gas 
to equilibrium mixture wijii'make no effect on equilibrium state as 
in the first type of reactions, volume and pressure changes have 
no effect on equilibrium state. 

Case II: Homogeneous gaseous reaction when, An > 0. 

Dissociation of PCI 5 : The dissociation of PCI 5 takes place 
according to the equation: 

pCl5(g)^PCl3(g)-+Cl2(g) ■ ■ ■ 

Let a moles of PCI 5 be taken in a closed vessel of volume V 
litre. It is heated and by the time equilibrium is established, x 
moles are dissociated into PCI 3 and Clj. One molecule of PCI 5 
on dissociation gives one molecule of PCI 3 and one molecule of 
Clj. Thus,xmoles ofPQ 5 will givexmoles ofPCI 3 andxmoles 
of CI 2 . 

At equilibrium, 

[PCI5 ] = , [PCI3 ] = p [CI2 ] = p 

Applying law of mass action, 

X X 

K _ [Pa3][a2] _ 

" [PCI 5 ] (fl-x) (a-x)V 

r 

When, a = l,x becomes degree of dissociation and 

x' _1 

K. = - (units = mol L ') 

(l-x)V 
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Calculation of : Let the total pressure at equilibrium be 
P. Total number of moles at equilibrium 

= {a-x) + x + x=(a-^x) 

y 

■P 


PPC15 


[a + xj 

P?a-^ - 




X 

Kp = 

Ppcij ^ Pci2 _ (a + x) 



( 


X' JC 

(a + x) * (u+x) 


Px 


(<2 + x) 


X^P 


P?c\ 


a-x 

\^a + Xy 


(a- x){a + x) 


(units = atm) 

(a) Effect of pressure: In this case, -x^ /(a- x)V. If 
pressure is increased, the value of‘F’ decreases, z.e. ,the value of 
denominator decreases. To maintain constant value of , x must 
also decrease. In other words, the dissociation of PCI 5 decreases. 
Thus, the increase of pressure would suppress the dissociation of 
PCI5. 

(b) Effect of concentration: If PCI5 is added to the 
equilibrium mixture, the rate of forward reaction increases, i e ., 
dissociation of PCI 5 increases. In case PCI 3 or Cl 2 is added, the 
rate of backward reaction increases. This shall decrease the 
dissociation of PCI 5. 

(c) Effect of temperature: The dissociation of PCI 5 is an 
endothermic reaction. Thus, the value of equilibrium constant 
increases with increase of .temperature. It is thus concluded that 
dissociation increases with the increase of temperature. 

(d) Effect of adding an inert gas: When an inert gas is 
added at constant volume the equilibrium state is not disturbed. 
In case an inert gas is added at constant pressure, the volume 
increases, To maintain the constant value of K^,x must also 
increase. Thus, the addition of an inert gas at constant pressure 
increases the degree of dissociation of PCI 5. 

Case III: Homogeneous gaseous reaction when, An < 0. 

Synthesis of ammonia: The formation of ammonia from 
nitrogen and hydrogen is represented by the equation; 


N2(g)+3H2(g)^2NH3(g) 

Let a start be made by mixing ‘ a’ moles of N2 and ‘ V moles of 
hydrogen in a closed vessel of V litre capacity. By the time 
equilibrium is established ‘x’ moles of nitrogen have combined 
with 3x moles of hydrogen and produced 2x moles of ammonia. 

At equilibrium, [Nj ] = ^ 


Applying law of mass action, 
^ [NH3]" 

' [N2][H2]3 

r2xf 




{a - x)(b - 3x)^ 


If a = 1 and /? = 3, then, 

4x^F ^ 

X =--; (units ~ mol ^ L^) 

n{\-xf 

The effect of various factors at equilibrium is discussed here. 

(a) Effect of pressure: By increasing pressure, the volume 
term decreases. The value of x must increase to maintain the 
constant value of K^'. In other words, the formation of ammonia 
increases with increase of pressure. 

(b) Effect of concentration: By increasing the 
concentration of either nitrogen or hydrogen in the reaction 
mixture, the rate of forward reaction increases, i. e., the formation 
of ammonia increases. 


(c) Effect of temperature: The synthesis of ammonia is an 
exothermic reaction. The value of equilibrium constant decreases 
with increase of temperature. Thus, high, temperature is not 
favourable for the synthesis of ammonia. 

Calculation of K j, : Let the total pressure at equilibrium be P. 


Total number of moles at equilibrium 

= {a - x) + ((> - 3x) + 2x = (a + i - 2x) 
2x „ (a - x) 


FNH3 - 

Fh 2 


{a + b- lx) 
(b- 3x) 
(a + b- 2 x) 


■xP- 




(a + b- 2x) 


xP; 


K 


[Pnhj] 


[PN2][PH2]' 


X P 

2x 

2 

(a + b- 2x) 

(a-x) p 

(b - 3x) ^ 

(a + b- 2x) 

(a + b — 2x) 


4x^ (a + b-lxf 
(a-x)(b-‘ix f 


(units = atm 


Case IV: Homogeneous liquid system: Formation of 
ethyl acetate: 

The reaction between alcohol and acid to form ester is an 
example of homogeneous equilibrium in liquid system. 


CH3C00H(/) + CjHjOHI/) ;?=:iCHjCOOC2H5(/) + H20(/) 

Let a start be made by mixing ‘a’ moles of an acid and ‘i’ moles 
of an alcohol. By the time equilibrium is established, x moles of 
ester and ‘x’ moles of water are formed, i. e ., x moles of acid and x 
moles of alcohol have been consumed. Let F be the total volume. 
At equilibrium, the active masses of reactants and products are: 

[CH3COOH] = —^ , [C2H5OH] = , 

[CH3COOC2H5] = |and [H20] = ^ 

Applying law of mass ^tion, 

X X 
_^_ 

^ _ [ester] [water] _ F F 
^ [acid][alcohol] (a-x\ fb-x'] 
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(a - x){b —x) 


\fa-b = 1 , then = ■ 


• ( 1 -^r 


{K^ has no units) 


This does not involve the volume term. Thus, is not 
affected by the change of volume. 

Case V: Heterogeneous equilibria: ■ 

Law of mass action can also be applied to the study of 
equilibria in which the substances are not in the same phase. 
Considering the decomposition of solid NaHCOj to produce 
solid Na 2 C 03 , gaseous CO 2 and H 2 O. 

2 NaHC 03 (s) Na 2 C 03 (s) + C02(g) + H20(g) 
Applying the law of mass action, 

_ [Na2CQ3:|[CQ2][H2Q] 

[NaHC 03 ]^ 

It involves two pure solids, Na 2 C 03 and NaHC 03 . It is 
customary not to include the concentrations of pure solids in 
equilibrium expressions. 


[Na 2 C 03 ; 


. = [C 02 ][H 20 ] 


or a:, =[C 02 ][H 20 ] 

In terms of partial pressures we have Kp = Pqq^ x 
Similarly, in reactions in which a reactant or product occurs as a 
pure liquid phase, the concentration of that substance in the pure 
liquid is also constant. As a result, the concentrations of pure 
solid and pure liquid phases do not appear in the equilibrium 
constant expression. 

Many other examples of heterogeneous equilibria are 
available. Such as: 

1. Decomposition of CaC 03 , 

CaC 03 (s) CaO(5) + C02(g) 
a:, =[C 02 ] or Kp=pco^ 

When CaC 03 is heated in a closed vessel at a definite 
temperature, the pressure or concentration of CO 2 produced 
becomes constant irrespective of the amount of CaC 03 taken. 

2. Reaction of steam on heated iron, 

3Fe(5) + 4H20(g) ^ Fe 304 ( 5 ) + 4H2(g) 

■Kc = or K'p = ^ 

[H20]4 PH 2 O 

3. Reaction of steam on heated carbon, 

C( 5 ) + H 20 (g) ^ CO(g) + H2(g) 

. ^ [C0:|[H2] ^ PC 0 XPH 2 

A, =- or A- 

[H 2 O] ^ PU 20 

4. Dissociation of ammonium carbamate, 

NH2 COONH4 (5) ^ 2NH3 (g) + CO2 (g) 

=[NH3]'[C02]; .^:„=[Pnh 3]'x[Pco2] 


:: rSSSt ^SoME Solved Examples^ t*!!I!: 

Example 11. For the following reaction, 

H2{g) + l2{g)^2HI{g), 

If initially 25 mL of H 2 and 20 mL of 1 2 are present in a container 
and at equilibrium 30 mL of HI is formed then calculate 
equilibrium constant. [AlPMT (Mains) 2009] 

Solution: The given reaction is : 

H2(g)+ 12 (g) ^2HI(g), 
tg 25 mL 20 mL 0 . 

■ 25-x 20-x 2x 

Give, 2x=30mL .•. x=15mL 
Equilibrium constant may be calculated as, 

[HI]^ _ [30]^ _ 900 _ 

' [Fl2][l2] [10][5] 15 

Example 12. In the reaction, 

H2{g) + i2{g)^mi{g) 

the amounts of // 2>-^2 0.2 g, 9.2525 g and 44.8 g 

respectively at equilibrium at a certain temperature. Calculate 
the equilibrium constant of the reaction. 

Solution: H 2 (g) + 12 (g) 2HI(g), 

Applying law of mass action, 

[H2l[l2] 

Let the total volume be V litre, then 

, 0.2 0.1 . 9.2525 0.0364 

L'^2 J ' > 2 J 

2V V 254V V 

44.8 0.35 

[HI] =-=-mol L respectively 

128F V 




0.0364 


0.35x0.35 

0.1x0.0364 


= 33.65 


Example 13. 0.5 mole of hydrogen and 0.5 mole of iodine 
react in a \0 litre evacuated vessel at 448°C; hydrogen iodide is 
formed. The equilibrium constant, for the reaction is 50. 

(a) Calculate the number of moles of iodine which remain 
unreacted at equilibrium. 

(b) What is the value of Kp ? 

Solution: (a) H 2 (g) + 12 (g) 2HI(g) 

Initial moles 0.5 0.5 0 

No. of moles at equilibrium (0.5-x) (0.5-x) 2x 

4x^ 

K-c = - - -= 50 

(0.5-xX0.5-x) 

——— = = 7.07 

(0.5-x) 

2x= 0.5 X 7.07-7.07x 
or 2x4-7.07x= 0.5x 7.07 

■ 0.5x7.07 , 

X = -= 0.39 mole 
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(b) No. of moles ofl 2 at equilibrium = (0.5- 0.39)= 0.11 mole 


As A« = 0 , 


K=K,{RT) 


K„ =K, 


An 


50 


Example 14. 25 ml of H 2 and 18 ml 0 / 1 2 vapours were 
heated in a sealed glass tube at 465°C and at equilibrium 30.8 ml, 
of HI waj formed. Calculate the percentage degree of 
dissociation of HI at 465°C. 

Solution: Since, the number of moles in a gas under the 
same conditions of temperature and pressure are proportional to 
volumes (Avogadro’s Law), the volumes in mL of gases may be 
used instead of concentrations in the case of reversible reactions 
in which there is no change in the number of molecules of 
reactants and products. 

Given, lx = 30.8 mL 


So, x=15.4mL 

Vol. of H 2 at equilibrium = (25 - 15.4) = 
Vol. of I 2 at equilibrium = (18 -15.4) = 




[HI]' 


(30.8)' 
9.6 X 2.6 


[H2][l2 

Consider the equation, 

2HI(g)^H2(g)+ 12 (g) 

Lei the degree of dissociation be ;c 

K'=^ —- 


9.6 mL 
: 2.6 mL 

38.0 


4(1-x)^ 


k: 


K.. 


_ 1 _ 

38' 


or 


1 


or 


6.1644 2(1-x) 

24.5% dissociated 


4(1-x)^ 
x= 0.245, i.e., 

Example 15. 3.2 mole of HI were heated in a sealed bulb 
at 444 °C till the equilibrium state was reached. Its degree of 
dissociation was found to be 20%. Calculate the number of 
moles of hydrogen iodide, hydrogen and iodine present at the 
equilibrium point and determine the equilibrium constant. 

Solution: The dissociation of HI is represented by the equation,' 
2HI(g)^H2(g) + 12 (g) 

( 1 -x) x /2 x /2 

Degree of dissociation, x = 0.20 and initial concentration of 
HI, a = 3.2mole. 

At equilibrium, 

No. of moles of HI = a(l - x) = 3.2 x 0.8 = 2.56 
ax 


No. of moles of Hj 

No. of moles of 1 2 

x' ■ 
^^ 


2 

a-x 
~2 
0.2 X 0.2 


3.2x0.1 = 0.32 
^3.2x0.1 


Also, 


4(l-x)^ 4x0.8x0.8 

"h ][l 2 ]_ 0.32x0.32 


0.32 


= 0.0156 




[HI]^ 


2.56x 2.56 
= 0.0156 


Example 16. The equilibrium constant of the reaction, 
A2ig) + B2ig)^2AB{g) 

at 100°C is 50. If a one litre flask containing one mole of A 2 is 
connected to a two litre flask containing two moles of how 
many moles of AB will be formed at hTiK? 


Solution: . 

A2{g)+B2ig)^ 

- 2AB(g) 

Initial no. of moles 

1 2 

0 

No. of moles at equilibrium 
(Total volume = 3 litre) 

tl —x) ( 2 -x) 

2 x 

Active masses 

( 1 -x) ( 2 -x) 

2 x 

3 3 

3 

Applying law of mass action. 






4x^ 


[ABf 

A 2 ][B 2 } fl-x)f 2 -x) (l-x)( 2 -x) 


3 


But, 


4x" 


(l-x)( 2 -x) 


50. 


or 

4x' =(2-3x + x' )50 

or 

^2x^ =(2-3x + x')25 

or 

23x' -75x+ 50=0 


75 ±-^(75)' 


4 X 23 X 50 


2x23 

x = 2.317 or 0.934 

The value of x cannot be more than 1, i. e. , greater than the 
number of moles of ^2 hence x = 0.943. 

No. of moles of AB = 2x = (2 x 0.934) 

= 1.868 

Example 17. The vapour density of A 2 O 4 at a certain 
temperature is 30. Calculate the percentage dissociation of 
at this temperature. 

Solution: ■ N 2 O 4 (g) 2 NO 2 (g) 

Mol. mass of N 2 O 4 = (28 + 64) = 92 
92 

Vapour density, D = — = 46 

Let the degree of dissociation be x 

Given, d = 30 

Applying the relationship, 

, = ^=(1^.16 = 0.533 
d 30 30 

Depee of dissociation = 53.3% 

Example 18. 3 g mole of phosphorus pentachloride is 
heated in a flask of 4 litre volume. At equilibrium it dissociates to 
give 40% of phosphorus trichloride and chlorine. Calculate the 
equilibrium constant 
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Solution: Degree of dissociation = 0.4 

Fci,{g) ^ pci3(g)+a,(g) 

a(l-x) ax ax - 

Given, a = 3,x = 0A and F = 4. 

So, at equilibrium. 


{at equilibrium) 


[PCD 


3(1-0.4) 3x0.6 


mol L 


-1 


[PCI 3 ]: 


[CD 


3x0.4 

4 

3x0.4 


mol L 
mol 


Applying law of mass action, 

^ [PCI 3 -I [Cl 2 ,, ] ^ 3x 0.4 X 3 ^ X .04 ^ Q_2mol L"* 


[PCI 5 ] 


4x 3x 0.6 


Example 19. is 25% dissociated at 37°C and one 

atmospheric pressure. Calculate {i)Kp and {ii) the percentage 
dissociation at 0.1 atmosphere and 37°C. 


Solution: (i) 


Initial 

At equilibrium 


N204(g) 

1 

( 1 -x) 


= 2N02(g) 
0 
2 x 


Total moles = (1 - x) + 2x = (1 + x) 

2x 


PN 2 O 4 




1 + x 


Pno, 


(1 + x) 


■ p 


Given, x = 0.25 and P = 1 atm 


PN2O4 


Pno, 




^ 1 - 0 . 25 '^ 

vl + 0.25y 


X 1 = 0.6 atm 


2x0.25 

1+0.25 




X 1 = 0.4 atm 


(PnoJ 0.4 X 0.4 


PN 2 O 4 


0.6 


= 0.267 atm 


(ii) Let the degree of dissociation of N 2 O 4 at 0.1 atm be ‘a’, 
then. 


( 1 -a 


X 0.1 and = 


2a 


(1 + a) 


xO.l 




2a 
1 + a 


x(O.l)^ 


4a^ X 0.1 


0.4a' 


“^l-a^ 

^1 + ay 


xO.l 


(l-a)(l + a) ( 1 -a^) 


0 Act “ -» 

or 0.267= or 0.267 = 0.667a ^ 

(1-a ) 

a = 0.632 


Example 20. 1.0 mole of nitrogen and 3.0 moles of PCf 
are placed in 100 litre vessel heated to 2T1°C. The equilibrium 
pressure is 2.05 atm. Assuming ideal behaviour, calculate the 
degree of dissociation forPCl^ and Kp for the reaction, 

PCf{g)^PCl,{g) + Chig) 

Solution: PCl 5 (g);=^PCl 3 (g) + Cl 2 (g) 

Initial 3 0 0 

At equilibrium 3(1 - jc) 3jc 3x 

{x = degree of dissociation) 


Total moles = 3(1 -x)+3x+3x=3(1 + j:) 


1 mole of nitrogen is present, hence actual total number of 
moles at equilibrium = 3(1 + x) + 1 
According to gas equation, 

PV = nRT 

Given, P = 2.05 atm, F = 100 litres, R = 0.082 



r = (273+ 227)= 500 K 
2.05x100 _ ^ 

” 0.082 X 500 ^ 


or 3(1 + x) + 1 = 5 

3x=l or x= 0.333 

Thus, 3(l + x)+l=3+3x 0.333 + 1 = 4 + 0;999 
3(1 -X) 


At equilibrium, Ppa, 


(3x + 4) 


■ x 2.05 


Ppa, - Pci 
3x 


3x 


' 2 (3x + 4) 


X2.05 




(3x + 4) 


X 2.05 X 


3x 


(3x+4) 


X 2.05 


3(1-x) 
(3x+4) 


X2.05 


9x^ X 2.05 _ 3 X (0.333)^ x 2.05 

3(3x+4)(l-x)~ (4 + 0.999)(0.667) 


= 0.204 atm 

Example 21. For a gas reaction, 3i?2 (g) + A ^2 (^) 
2NH^{g), the partial pressures of and Nj are 0.4 and 0.8 
atmosphere, respectively. The total pressure of the entire system 
is 2.8 atmosphere. What will be the value of Kp if all the 
concentrations are given in atmospheres? 

Solution: N 2 (g) + 3H2(g)^2NH3(g) 

Partial pressures 0.8 0.4 [2.8-(0.8+0.4)= 1..6] 

at equilibrium 

Applying law of mass action, 

^ _ (PNH 3 _ 1 . 6 x 1.6 

( Pnj )( Ph 2 “0,8x0.4x0.4x0.4 

= 50 atm“^ 


Hence, dissociation of N 2 O 4 = 63.2% 
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Example 22. One mole of nitrogen and three moles of 
hydrogen are mixed in a 4 litre container. IfQ.15 per cent of 
nitrogen is converted to ammonia by the following reaction: 

. iV2(f)+3lf2(g)^2AW3(g) 

calculate the £quilibrium constant (K^ ) in concentration units. 
What will be the value of Kfor the following equilibrium ? 

^N2ig) + ^H2(g)^NH,ig)- 


Solution: N 2 (g) + 3H2fe) 

At equilibrium (1 - x) (3 - 3;c) 

Active masses 


2 NH 3 (g) 


^ 2x(;c = 0.0025) 
(1 - 0.0025) .(3 - 0.0075) (0.0050) 

4 4 4 


Applying law of mass action, 


K = 


[NH 3 


0.0050 


^2 




0.9975^ (2.9^5 
4 y 


4- J 


= 1.49x10“^ litre^ moF^ 


-NH 3 (g) 


K for the reaction, 

^N 2 (g) + ^H 2 (g); 

is equal to 3 /^. 

a: = ./^ = 3 / 1.49 X 10 "^ 

= 3.86 X 10~^ litre mol”' 

Example 23. In an experiment one mole of acetic acid and 
one mole of alcohol were allowed to react until equilibrium wai 
established. The equilibrium mixture was found to contain 2/ 3 
mole of ester. Calculate the equilibrium constant of the reaction. 

Solution: 


CHjCOOHCO + C 2 H 50 H(/) : 
Initial no. j ^ 

of moles 
No. of 
moles at 
equilibrium 


:CH 3 C 00 C 2 H 5 (/)+ H 20 (/) 


(-0 


■Active 

masses 


1 


_ 2 
3 

1 

3 V 


0 

2 

3 

2 

3F 


0 . 

2 

3 

2 

3F 


V is the total volume in litres. 
Applying law of m^s action, 

[ester] [water] 




[acid] [alcohol] 


3F^ 3F 


3F^ 3F 


Example 24. Ammonium hydrogen sulphide dissociates 
according to the equation: 


■ .NH^HSis)^NH,ig) + H2S(g) 

If the observed pressure at equilibrium is l.\2atmat3%QK, what 
is the equilibrium constant of the reaction? 

Solution: NH 4 HS(s) NHjCg) + HjSCg) 

Fnh, = Fh,s = “ ^ ^-12 = 0.56atm 


K. 


■ Fnhj X FhjS = 0-56 X 0.56= 0.3136 


Example 25. A vessel at 1000 if contains carbon dioxide 
with a pressure of 0.5 atm. Some of the carbon dioxide is 
converted to carbon monoxide on addition of graphite. Calculate 
the valueofK p if total pressure at equilibrium is 0.%atm. 

(IIT 1993) 


Solution: COjCg) + C(s) 2CO(g) 

Initial 0.5, atm Oatm 

At equilibrium (0.5- x) atm 2xatm 

At equilibrium, the total pressure is 0.8 atm. 

Ftotai = PCO 2 Poo 
0.8 = (0.5 - x)+2x = 0.5 + X 
or x~ 0.3 atm 

Applying law of mass action. 


K, 


{Pcof _ {2 xdif _ a36. 


Fco, 


0.2 


02 


; 18 atm 


Example 26. A sample of CaCO^ {s) is introduced into a 
sealed container of volume 0.654 litre and heated to 1000 until 
equilibrium is reached. The equilibrium constant for the reaction, 

CaCOj (s) CaO(5) + CO 2 (g). ■ 

is 3.9 X 10“^ atm at this temperature. Calculate the mass ofCaO 
present at equilibrium. 

Solution: CaC 03 (s) :F=^CaO(s) + C02(g) 

= PcOi 

Let the number of moles of CO 2 be formed = n 
_ PCO 2 x 3.9x10'^ X 0654 
" RT ~ 0.082x1000 

= 3.11x10^ mol 

The amount of GaO(s) fomied will also be = 3.11 x 10"^ mol 
Hence, mass of CaO formed = 3.11 x 10^“ x 56 = 0.0174 g 

Example 27. The decomposition of ammonium carbamate 
at 30PC is represented as: 

NH2COONH,is)^mH,ig) + CO^ig) 

The equilibrium constant is 2.9 x 10 ^ atm^. . 

What is the total pressure of gases in equilibrium with 
NHfCOONH^ (s) at 30°C? 

- Solution: NH2COONH4,(s)-:F=^2NH3(g)+C02(g) 

At equilibrium (1-x) 2x x 

Kp = (FnH3 ^ PcOz 
2.9x10-^ =i2xf xx = 4x^ 
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'"2.9x10“^''' 


1/3 


■ 0.0194 atm 


Total pressure = 2x + jc = 3x = 3 x 0.0194 = 0.0582 atm 

Example 28. In an experiment starting with 1 mole of ethyl 
alcohol, 1 mole of acetic acid and 1 mole of water at lOtFC, the 
equilibrium mixture on analysis shows that 54.3% of the acid is 
esterified. Calculate the equilibrium constant of this reaction. 

Solution: 

CHjCOOHCO + C2H50H(7) ;?=iCH3COOC2H5(0 + ^ 20 ( 1 ) 
1 10 1 

1-X X 1+x 


Initial 

At 1 

equilibrium 

1-0.543 1-0.543 0.543 

Given, x = 0.543. 

Applying law of mass action, 

[ester] [water] 0.543x 1.543 


1+0.543 


K,. 


[acid] [alcohol] 0.45?x 0.457 


^4.0 


Example 29. The equilibrium constant for the reaction, 
CH^COOH{l)+C2HsOH{l)^^CH2COOC2H^ (/) + i/20(/) 
is 4. What will be the composition of the equilibrium mixture 
when one mole of acetic acid is taken along with 4 moles of ethyl 
alcohol? 

Solution: 

CHjCOOHC/) + CHjCOOCiHj]/) + H20(/) 


Initial 1 4 

At equilibrium 1 - x 4 - x 

[ester][water] 


0 


0 


K,. 


or 


[acid] [alcohol] (l-x)(4-x) 
=4(l-x)(4-x) 

= 4[4-5x + x^] 

= 16- 2 Qx + 4x^ 

3x^,-20x+16 = 0 
_ 20 + ^/400-192 _ 20± 14.42 


x = 0.93 or 57366 

The value 5.7366 is not possible, hence x = 0.93 
Thus, the composition of mixture at equilibrium is 
[CH 3 COOH] = (1 - 0.93) = 0.07 mole 
[C 2 H 5 OH] = (4 - 0.93) = 3.07 mole 
[CHjCOOCjHy ] = 0.93 mole 
[H 2 O] = 0.93 mole 

Of OBJECTIVE QUESTIONS _ 

7. For the reaction, N 2 (g) + 02 (g) 2NO(g), the value of 

at GD0°C is 0.1. When the equilibrium concentrations of 
both the 1 . actants is 0.5 mol, what is the value of at the 


same temperature? 

(a) 0.5 (b)'O.l 

lAns. (b)] 

Hint: K„ = KfRT)^' 


■ (KCET 2005) 
(d) 0.025 


Since, An = 0, hence, ] 

8 . A(g)+ 3B(g) 4C (g X initial concentration of A is equal 
to that of B. The equilibrium concentrations of A and C are 
equal. ..Slg of the reaction will be: 

(a) 0.08 (b) 0.8 (c )8 ’ (d) 80 

(e) 1/8 
[Ans. (c)] 

[Hint: A(g)+3B(g)^4C(g) 


10 . 


0 


A., 


‘eq. u - A 
X = 4x given 
a = 5x 

[C]' 


3x 


[4x]" 


0 

4x 


256 
' 32 ^ 


[^][5-]^ [4x][2x]^ 

9. For a hypothetical reaction: 

4^ (g ) + 55(g ) ^ 4P(g )+6Qig) 

The equilibrium constant has units: .— 

(a) mol L"‘ (b) mol”* L 

(c) (mol L"')"^ (d) unitless 

[Ans. (a)] 

[Hint: Unit of K,. = (mol L"' 

= (mol L^’)' = mol L"' ] 

Starting with 1 mol of O 2 ; 2 mol of SO 2 , the equilibrium for 
the formation of SOjCg) was established at a certain 
temperature. If F is the volume.of the vessel and 2x is the 
number of moles of SO 3 present, the equilibrium constant will 
be: 


(a) 


(c) 


xV 

( 1 -x)^ 

( 1 -x)^ 


2V 
[Ans. (a)] 
[Hint: 


(b) 


(d) 


4x^ 


( 2 -x)(l-x) 


( 2 -x)(l-x) 


! = 0 


2S02(g)+ 02 (g) ^ 
■ 2 1 


2- 2x 


■ K,. 


[SOa]^ 

[SO2f[02] 


[ 2 x/F]^ 


: 2S03(g) 
0 

[ 2x1 

lf] 


xV 


" 2 - 2 x" 

2 

7-x’ 

y [ 


V 


( 1 -x)^ 


11. For the reaction, H 2 (g) + 12 (g) 2HI(g), K = 47.6, if the 

initial number of moles of each reactant and product is 1 mole, 
then at equilibrium; [JEE (Orissa) 2006] 

(a) [I 2 ] = [H 2 j;[l 2 ] > [HI] (b) [I 2 I < [H 2 ];[l 2 ] = [HI] 

(c) [I 2 ] = [H 2 ];[I 2 ]<[HI] (d) [ 12 ]>[H 2 ];[I 2 ] = [HI] 

[Ans. (c)] 


pint: a:. 


[HI]^ 

[H 2 ][l 2 ] 


[H 2 ] = [I 2 ] will be same at equilibrium, since it is same at initial 
state. 


A, 


[HI]^ 

' [I 2 ]' 


(c) 0.01 
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47.6[l2l^ =[HI]^ . 

12. In a clos&d vessel of volume V, a mol of nitrogen and b mol of 
oxygen are made to react to give nitric oxide, according to the 
reaction: 

N2(g) + 02 (g) ^2NO(g) 

If at equilibrium, 2xmol of NO are obtained, then; 

[BV (Pune) 2006| 

/ , „ 4x^ 1 

■ (a) K. =- X — 

(a - x){b -x) V 


' {a-x){b-x) 

x^ 

(c) -X V 

{a - x)(b - x) 


(a ~x){b - x) 
[Ans. (d)] 


N 2 (g) + 02 (g). 
a b 

(a-x) f b-x' 
V I V . 


: 2NO(g) 
0 

2x 




(a - x)(b - x) ^ 


13. Equivalent amounts of and 1 2 are heated in a closed till 

equilibrium is obtained. If 80% of the hydrogen can be 
converted to HI, the at this temperature is: (V I'i'EEE 20(17) 


(a) 64 
[Ans. (a)] 
[Hint: 

t = 0 


(b) 16 


(c) 0.25 


H2(g) +l2(S)^ 
1 1 

1 - 0.8 1 - 0.8 
V V 


2HI(g) 

0 

2 x 0.8 


■[H2][l2] 21 

V V 


14. Equimolar concentration of and I 2 are heated .to 
equilibrium in a 2 litre flask. At equilibrium, the forward and 
backward rate constants are found to be equal. What 
percentage of initial concentration of Hj has reacted at 


■ equilibrium? 
(a) 33% 

(c) 50% 

(e) 20% 
[Ans. (a)l 
[Hint; 


(b) 66% 
(d) 40% 


Hjlg) + 12(g) 


ji'M'i';'.■loraia) 20081 


2HI(g) 



9.8 LE CHATELIER’S PRINCIPLE 

There are three main factors which can change the state of 
equilibrium in a reversible system. These are concentration, 
pressure and temperature. Le Chatelier, a French chemist, 
presented a qusJitative principle known as Le Chatelier’s 

principle which can describe the effect of change in-- 

concentration, pressure and temperature on any reversible system 
whether physical or chemical. 

According to this principle, if a system at equilibrium is 
subjected to a change of concentration, pressure or 
temperature, the equilibrium shifts in the direction that tends 
to undo the effect of the change. 

Or 

If a system at equilibrium is subjected to a change of any 
one of the factors such as concentration, pressure or 
temperature, the system adjusts itself in such a way as to 
annul the effect of that change. 

(a) Change in concentration: If an additional amount of 
any reactant or product is added to the system, the stress is 
relieved as the reaction that consumes the added substance occurs 
more rapidly than its reverse reaction, i. e ., if any of the reactants 
is added, the rate of forward reaction increases and if any of the 
products is added, the rate of backward reaction increases. 

In general, in . a chemical equilibrium, increasing the 
concentrations of the reactants results in shifting the equilibrium 
in favour of products while increasing concentrations of the 
products results in shifting the equilibrium in favour of reactants. 

(b) Change in pressure: Ifa system in equilibrium consists 
of gases, then the concentrations of all the components can be 
altered by changing the pressure. When the pressure on the 
system is increased, the volume decreases proportionately. The 
total lumber of moles per unit volume will now be more than 
before.^ According to Le Chatelier’s principle, the equilibrium 
will shift in the direction in which there is decrease in number of 
moles, Le., towards the direction in which there is decrease in 
volume. 

In general, an increase in pressure applied to a system at 
equilibrium, favours the reaction in the direction that 
produces smaller number of moles of gases and a decrease in 
pressure favours the opposite reaction. If there is no change in 
number of moles of gases in a reaction, a pressure change does 
not affect the equilibrium. 

(c) Change in temperature: A chemical reaction 
(reversible) involves two opposing reactions, forward and 
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backward. If one reaction is endothermic, the other will be 
exothermic in nature. When heat energy is added by raising 
temperature, the system can relieve itself from the stress if the 
reaction which absorbs heat moves faster, i.e., endothermic 
reaction is always favoured with increase of temperature. 


Conclusions: 

(i) Increase in concentration of any substance favours the 
reaction in which it is used up. 

(ii) High pressure is favourable for the reaction in which there 
is decrease in volume. 


(iii) A rise in temperature favoure the endothermic reaction, 
(d) Role of catalyst: Positive catalyst increases the rate of 
both forward and backward reactions equally; the equilibrium 
will be attained in less time, i. e ., same amount of product will be 
formed in less time. 

On the other hand, negative catalyst lowers the rate of both 
forward and backward reactions equally. Same amount of 
product will be formed in more time. 

Catalyst does not affet equilibrium constant and heat of reaction. 


Summary of Le Chatelier’s Principle 


Effect of inert gas addition 


1 Condition 

Effect 

AV = 0, F = Constant 

A« = 0, + ve or -ve 

No effect 

AV *0,V * Constant 

Afl = 0 

No effect 

AV *0,V * Constant 

A« > 0 

Forward shift 

AV *Q,V Constant 

■An<0 

Backward shift 


where. An = number of gaseous moles of product - number of 

gaseous moles of reactant 

_ Effect of temperature and pressure_ 


Effectof 

:Natnre of reactioB increased 

'' temperatare 


An; Side with 
fewer mole of 
gas 


' Etfectof 
increase inP 


1. 

Exothermic 

backward shift 

0; 

neither 

no shift 

2. 

Exothermic 

backward shift 

-ve; right 

forward shift 

3. 

Endothermiic 

forward shift 

-ve; right 

forward shift 

4. 

Endotherahic 

forward shift 

+ve; left 

backward shift 

5. 

Exothermic 

backward shift 

+ve; 

left 

backward shift 

6. 

Exothermic 

backward shift 

-ve; right 

forward shift 

7. 

Endothermic 

forward shift 

+ve; 

left 

backward shift 

8. 

Endothermic 

forward shift 

-i-ve; 

left 

backward shift 


Application of Le Chatelier’s Principle 

(a) Formation of HI: 

HjCg)+l2(g)^^2HI(g) + 3000cal 
Effect of concentration: When concentration of Hj orlj is 
increased at equilibrium,^ the system nioves in a direction which 
decreases the, concentration, le., the rate of forward reaction 
increases thereby increasing the concentration of HI. 

Effect of pressure: As there is no change in the number oi 
moles in the reaction, the equilibrium state remains unaffected by 
change of pressure. 

Effect of temperature: By increasing temperature, the 
equilibrium state shifts towards the reaction which moves with 


absorption of heat. The formation of HI is an exothermic 
reaction. Thus, the backward reaction moves faster when 
temperature is increased. 

In short, we can say that the favourable conditions for greater 
yield of HI are: 

(i) High concentrations of H 2 and 1 2 and 

(ii) Low temperaturp, 

(b) Formation of nitric oxide: 

Njlg) + 02 .(g) .F=^2NO(g) - 43200 cal 

Effect of Concentration: When concentration of Nj or ©3 
is increased, the system moves in a direction in which Nj oiOi is' 
used up, i.e., rate of forward reaction increases thereby 
increasing the concentration of NO. r 

Effect of pressure: In the formation of nitric oxide, the 
number of moles remains the same, Le., no change in volume 
occurs. Consequently, the equilibrium state is not affected by any 
change in pressure. - 

Effect of temperature: The formation of NO is endother¬ 
mic in nature. If the temperature is raised, the equilibrium shifts 
in the direction in which heat is absorbed. The concentration of 
NO will, therefore, be higher at higher temperature. 

Thus, favourable conditions for greater yield of nitric oxide are: 

(i) High concentraticms ofNj-and P 2 and 

(ii) High temperature ■ ; 

(c) Dissociation of PCI 5: C 

PCl 5 (g) ^PCl 3 (g) + Cl 2 (g) -15000 cal 

Effect of concentration: When concentration of PCI 5 is 
increased at equilibrium, the rate of forward reaction increases as 
to decrease the added concentration. Thus, more of PCI 3 and CI 2 
are formed,. 

Effect ' of pressure: The voliune increases in the 
dissociation of PCI 5 . When pressure is iocjcased, the system 
moves in the direction in which there is decrease in volume. 
Thus, high pressure does not favour dissociation of PCI 5 . 

Effect of temperature: The dissociation of PCI 5 is an 
endothermic reaction. Thus, increase of temperature favours the 
dissociation. 

. Thus, favourable conditions for dissociation of PCI 5 are: 

(i) Hig*^ concentration of PCI 5 , 

(ii) Low pressure and 

(iii) High temperature. 

(d) Formation of ammonia: 

Fe 

•N 2 (g) + 3 H 2 (g) 2 NH 3 (g); AH = - 22.4 kcal / mol 

(i) At high pressure reaction will shift in forward direction 
to form more product. 

(ii) When concentration of N 2 and H 2 is raised or 
concentration' of NH 3 is lowered, then again the 
equilibrium shifts in forward direction to form more 
ammonia. 

If concentration of only one reactant is raised, then again 
the equilibrium shifts in forward direction till the other 
reactant is available for reaction. 




610 


R.B. Physical Chemistry For Competitions 


(iii) The reaction shifts in forward direction at low temperature. 
But at very low temperature the rate of reaction becomes 
very low; thus moderate temperature is favourable for 
this reaction. 

9.9 APPLICATION OF LE CHATELIER’S 
PRINCIPLE TO PHYSICAL EQUILIBRIA 

(i) Solid Liquid Gas 

When temperature is raised, the above equilibrium shifts in 
forward direction. 

. (il) Effect of pressure on boiling point: When pressure is 
raised, condensation of vapour takes place. Thus, vapour 
pressure is lowered. Now more heat is required to equate vapour 
pressure with atmospheric pressure as a result of which boiling 
point increases. . 

(iii) Effect of pressure on melting point: There are two 
types of solids: • .. 

(a) Solids whose volume decreases on melting, e.g., ice, 
diamond, carborundum, magnesium nitride and quartz. 

Solid (higher volume) ^ Liquid (lower volume) 

The process of melting is facilitated at high pressure, thus 
melting point is lowered. 

(b) Solids whose volume increases on melting, e.g., Fe, Cu, 
Ag, Au, etc. 

Solid (lower volume) ^ Liquid (higher volume) 

In this case the process of melting become difficult at high 
pressure; thus melting point becomes high. 

(c) Solubility of substances: When solid substances are 
dissolved in water, either heat is evolved (exothermic) or heat is 
absorbed (endothermic). 

KCl + a^. KCKai?.) - heat 

In such cases, solubility increases with increase in 

temperature. Consider the case of KOH; when this is dissolved, 
heat is evolved, 

KOH + aq. KOH(flg.) + heat 

In such cases, solubility decreases with increase in 

temperature. 

(d) Solubility of gases in liquids: When a gas dissolyes in 
liquid, there is decrease in volume. Thus, increase of pressure 
will favour the dissolution of gas in liquid. 

OF OilECTIVE QUESTIONS ^eeee::^^= 

15. Consider the following reversible reaction at equilibrium; 

2H20(g) ^ img) + 02 (g) ■ AH = + 24.7 kJ - 
which one of the following changes in conditions will lead to 
maximum decomposition of HjOlg)? 

(a) Increasing both temperature and pressure 

(b) Decreasing temperature and increasing pressure 

(c) Increasing temperature and decreasing pressure 

(d) Increasing temperature at constant pressure 

(e) Increasing pressure at constant temperature 
[Ans. (c)] 


[Hint: Reaction is endothermic and An>0, hence, the 
fonnation of product will be favoured by increasing the . 
temperature and decreasing the pressure.] 

16. The exothermic formation of CIF 3 is .represented by the 
equation; 

Cl,(g) + 3F2(g) 2ClF3(g); AH = - 329 kJ 

Which of the following will increase the quantity of CIF 3 in an 
equilibrium mixture of CL, F 2 and CIF 3 ? 

(a) Increasing the temperature 

(b) Removing Clj 

(c) Increasing the volume of the container 

(d) Adding Fj 
[Ans. (d)] 

[Hint: Equilibrium will shift in forward direction by increasing 
he concentration of reactant.] 

17. Which among the following reactions will be favoured at low 
pressure? 

'a) N 2 (g) + 02 (g) ^ 2ITO{g) _ 

b) H 2 (g)+ 12 (g) ^ 2 HI(g) 

(c) PCl,(g) ^ PCl 3 (g) + Cl 2 (g) 

(d) N2(g)+3H2(g)^2NH3(g) 

[Ans. (c)] 

[Hint: On lowering the pressure, equilibrium favours the . 
direction of higher volume.] 

18. At constant pressure, the addition of argon to: 

N 2 (g) + 3H2(g)^2NH3(g) 

will: 

(a) shift the equilibrium in forward direction 

(b) shift the equilibrium.in backward direction 

(c) not affect the equilibrium 

(d) stop the reaction 
[Ans. (b)] 

[Hint: If volume is not constant, the addition of inert gas 
favours the direction where volume is increasing.] 

19. The equilibrium reaction that is not influenced by volume 

change at constant temperature is: |CET (.f&K) 2t)tld| 

(a) H 3 (g) + l 2 (g)^ 2 HI(g) 

(b) N 2 (g) + 3H2(g)^2NH3(g) 

(c) N 204 (g)^ 2 N 02 (g) 

(d) 2NO(g) + O 2 (g) ^ 2 NO 2 (g) 

[Ans. (a)] 

[Hint: When, An = 0, there is no effect of pressure and volume 
change on the equilibrium.] 

20. N2(g) + 3H2(g)^2NH3(g)+Heat 

What is the effect of the increase of temperature on the 
equilibrium of the reaction ? ; K( K ! 2 y()>T; 

(a) Equilibrium is unaltered 

(b) Reaction rate does not change 

(c) Equilibrium is shifted to the left 

(d) Equilibrium is shifted to the right 
[Ans. (c) ] 

[Hint: The given reaction is exothemiic, therefore, the equilibrium 
will shift in backward direction by the increase of temperature.] 
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9.10 CALCULATION OF DEGREE OF 
DISSOCIATION FROM DENSITY 
MEASUREMENTS 

Degree of dissociation is defined as the fraction of one molecule 
dissociated. It is denoted by jc or a. Its value is always less than 1. 
When the value becomes equal to 1, it is said that the substance is 
completely dissociated. 

The degree of dissociation in the case of second type of 
reactions (reversible) is determined by measuring density of 
reaction mixture at equilibrium. 

Consider the general reversible reaction, 

A ^ nB : 

Initial no. of moles ^ 0 

No. of moles at equilibrium (1 “ nx 

Total number of moles at equilibrium = (1 - x) + nx 
- , . = 1 + (n - l)x 

Let the initial volume be V litre. Thus, the volume at equilibrium 

= [l+(n-l)x]F.. 

Let "d' be the observed vapour density at a particular 
temperature when degree of dissociation is ‘x’ arid D be the 
vapour density when there is no dissociation. Again, 

D oc — - 
V- 

1 


and 


d oc- 


[!+’ {n-l)x]V 


... (i) 
... (ii) 


Dividing eq. (i) by eq. (ii), 
D 


or 


or 


or 


D 


d 

D-d 


= 1 + (n - l)x 


- 1 = (« - l)x 


(n-l)x 

D-d 

' (n -l¥ 

M-m 


... (iii) 


X = - 


(n - l)m 

where, M - initial molecular mass 

m= molecular mass at equilibrium. 

Ill the dissociation of PCI 5 , NH 4 CI and N 2 O 4 , the value of 

« = 2 . 


PCI 5 

NH^Cl 

N 2 O 4 


So. 


=iPCl3 +CI 2 
=^NH 3 +HC1 
^ 2 N 02 
D--d D-d 


{2-\)d 


Calculation of Degree of Reaction using 
Pressure-Temperature Determination 

Let us consider the following gaseous reaction: 

PCl5(g)^PCl3(g) + Cl2(g) 

Initial pressure and temperature are P, and 1\. At equilibrium, 
pressure and temperature are P, and T, respectively. The volume 
of vessel is constant, equal to ‘ F’. 


pcis(g)^pa3(g) + ci2(g) 

t=0 a' 0 ■ 0 

— ax ax ax 


"eq. 


. 

a 

a + ax 


V 

V 

V 


T 

T, 


Initial state P^V = aRT^ 

Equilibrium state P 2 V = (a + ax)RT 2 
Dividing equation (i) by eq. (ii), we get 


P 

Pi 

Pi 

... (ii) 


r, 


(l + x) 


2 (\+x)T2 


X = ■ 


TxPi 

TiPi 

T 1 P 2 


■m 


TiPi 


(UlPWTfCW OF OBJECTIVE QUESTIONS 


- 2N02(g) 


21. At equilibrium; 

N204(g); 

the observed molecular weight of N 2 O 4 is 80 g mol ' at 
350 K. The percentage dissociation of N, 04 (g) at 350 K is: 

.kor;:'") '■*' ■ 

(a) 10% (b) 15% ,(c)20% (d) 18% 

(e) 13% 

[Ans. (b)] 

[Hint: Degree of dissociation may be calculated as, 

M-m 


{n - l)m 
92-80 


« = 2 (number of gas moles . 

produced by 1 mol reactant) 

(M = 92, m = 80) 


^0.15 


(2 -1)80 

-li. 

^ 80' 

Percentage dissociation = 0.15 '< 100 = 15 ] 

22. The vapour density of PCI 5 is 104.25 but when heated to 
230° C, its vapour density is reduced to 62. The degree of 
dissociation of PCI 5 al this temperature will be: 

(a) 6 . 8 % (b) 68 % • (c) 46% (d) 64% 

[Ans. (b)] 

[Hint: The reaction is: 

PCl5(g)^PCl3(g) + CL(g) 


D 


n • 
■d 


104.25- 62 

a =-=- 

(n - \)d (2 - 1) X 62 

= 0.68 

Percentage dissociation = 0.68 x 100 = 68 %] 
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Miscellaneous Numerical Examples,^'''^'^ 


Example 1. At a certain temperature, equilibrium 
constant (K^ )is 16for the reaction: 

SO, (g ) +NO, (g)^ SO, (g ) + NO{g) 

If we take one mole of each of the four gases in one litre 
container, what would be the equilibrium concentration of NO 
and NO,? 

. S02(g) + N 02 (g)^S 03 (g) + N0(g). 


Solution: 

Initial concentration ] 

Equilibrium concentration 1 - ;c 
Applying law of mass action, 
[S03][N0] 


1 

1 + X 


I + X 




[S 02 ][N 02 ] 
l+x 


1 - 


(l + x)(l + x) 
(l-x)(l-x) 

4 or l + xL=4-4x 


16 


or 


5x = 3, i. e.,x- 


0.6 


Cone, of NOj at equilibrium = (1 - 0.6) = 0.4 mole 
Cone, of NO at equilibrium = (1 + 0.6) = 1 .6 mole 

Example2. At 817°C, Kp for the reaction between 
CO,{g) and excess of hot graphite ( 5 ) is IQ atm. 

{a) What are the equilibrium concentrations of the gases at 
817° C and a total pressure of 5 atm? 

{b) At what total pressure does the gas contain 5% CO, by 
volume? (UT 2000 ) 

Solution: (a) C 02 (g) + CC^) 2CO(g);/i:p = lOatm 

Given: pco^) + Pco.^) = 5 atm 


Let 

So, 


Pcois) =^atm 

/’coicg) =(5-Jt)atm 


K, 


[Pcof x' 


PcOj 

2 


(5-x) 


or 


10 = 


(5-x) 

or x^ + lOx- 50= 0 

On solving, we get 

X = 3.66 
=3.66 atm 

or Mole fraction CO at equilibrium = 73.2% (by volume) 

/•cojig) = 1-34 atm 

or Mole fraction CO 2 at equilibrium = 26.8% (by volume) 

(b) Let the total pressure be P atm 

Given, % CO 2 (by volume) = 5 and % CO (by volume) = 95 
n =J_xP = 0.05Pand/7co= —x^=0-95P 

FCO, JQQ ^”00 JQQ 

^ nosPYtiosp 

= 18.05P 


if^ = 10 = 


[Pco] 


Pco, 


or 


0.05P 
0.554 atm 


Example 3. At 100 K, CO, and H, react to form CO and 
H, O. For this process is 0. 1 Ufa mixture of 0.45 mole of CO, 
and 0.45 mole of H, is heated to 700 K 

(i) Find out the amount of each gas at equilibrium state. 

(li) After equilibrium is reached another 0.34 mole of CO, 
and 034 mole of H, are added to the reaction mixture. Find the 
composition of the mixture at the new equilibrium state. 

Solution: (i) C 02 (g)+ H 2 (g) ^CO(g)+HjOCg) 

I ial no. of moles 0.45 0.45 0 0 

■ of moles at o.45 - x 0.45 - x x x 

equilibrium 

Applying law of mass action. 


K,. 


So, 


XXX 


[C 0 ][H 20 ] __^_ 

ir 02 ][H 2 ] (0.45-x)(0.45-x) (0.45-x)' 


^ Q,f .L 


(0.45-x) 


:0.33 


At equilibrium, 


(ii) 

Initial moles 


x= 0.11 

[C 02 ] = [H 2 ] = 0.34 mole 
[CO] = [H 20 ] = 0.11 mole 
CO2 + H 


0.34+ 0.34 0.34+. 034 

= 0.68 = 0.68 


CO + H 2 C 


0.11 


0.11 


At equilibrium 0.68-y 0.68-y 0.11+>• 0.11+>• 

K - [<^QI[H201 _ (0.11 + y)(Q.l 1 + T) „ 0 ^ 

' [C02][H2] (0.68-y)(0.68-y) 

0 . 11 +y 


or 


^0.33 


0 . 68 -;^ 

or 0.11+v = 0.33X 0.68-0.33y 

or y = 0-086 

At equilibrium, [CO] = [H 2 O] = 0.11 + 0.086 = 0.196 mole 
[CO 2 ] = [Hj ] = 0.68 - 0.086 = 0.594 mole 
, Example4. A mixture of SO,,SO, andO, gases is 
, maintained in a 10 litre flask at a temperature at which the 
■ equilibrium constant for the reaction is 100; 

2 S 02 (g) + 02(g)+^25'03(g) 

(i) If the number of .moles of SO, and_SO, in the flask are 
equal, how many moles ofO, are present? 

{ii) If the number of moles of SO, in the flask is twice the 
number of moles of SO,, how many moles of oxygen are present? 
Solution: (i) 2 S 02 (g) + 02 (g) ^ 2 S 03 (g) 

At equilibrium, let the number of moles of each of SO2 and 
SO3 be n^ and of oxygen n, ,i.e., 

[SO,, = ^ 


[ 0,1 ■ 


10 
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[S 03 ] = 

Applying law of mass action, 


[SOjfLO^] 


^ 2 /' \ 
n, 1 I «2 1 

ToJ uoj 


: 0.1 mole 


Oxygen = 0.1 mole 

(ii) Let the number of moles of SO 2 be = 

So, number of moles of SO 3 = 2«, 
Let the number of moles of oxygen be = 


I on 

or 100 = — 


UOj Uoj 

Kj = 0.4 mole 
' Oxygen = 0.4 mole 

Example 5. At 250°C and 1 atmospheric pressure, the 
vapour density of PCI ^ is 57.9. Calculate {i) K^ for the reaction, 

PCl,ig)^PCl,ig) + Cl,(g), 

at 250°C, {ii) the percentage dissociation when pressure is doubled. 

Solution: (i) Mol. mass of PCI 5 = 208.5 

709. ^ 

Vapour density, D = —^ = 104.25 

Observed vapour density, d - 57.9 

^ . . D-d 104,25- 57.9 

Degree of dissociation, a =-= -- 


PCl5(g)^PCl3(g) + Cl2(g) 
At equilibrium 1 - a a a 

(1-0.80) 0.80 0.80 

Total number of moles = (1 + a) = (1 + 0.80) = 1.80 

Partial pressure of PCI, = x 1= - 

1.80 9 


Partial pressure of PCI 3 


Partial pressure of Cl 2 


— X 1-- 

1.80 ”9 


So, Kp = 


Ppch ^ Pcu 419x419 16 


(ii) Let the degree of dissociation be a when pressure is 2 
atmospheres. 

At equilibrium 

_(l-a) „ (1-a) - 

Ppci, - ~ r ■ ^ - “t; r 2 < 2 
(1 + a) (1 + a) 


(1 + a) (1 + a) 


(1 + a) (1 + a) 


-X 2 X'-X 2 

(1 + a) (1 + a) 

^ 1 ^x 2 

(1 + a) 


( 1 -a^) 


( 1 -a-) 


x2=1.78 


a- =0.89-0.89a^ 


1.89a ^ =0.89 


a = 0.686 

ThuSj PClj is 68 . 6 % dissociated. 

Example 6,, For the reaction, 

■ '' ■ CO(g) + 2^2 (g) ^ CH^OHig) 

hydrogen gas is introduced into a five litre flask at 327“C, 
containing 0.2 mole of CO{g) and a catalyst, until the pressure is 
4.92 atmosphere. At this point 0.1 mole ofCH^OH{g)is formed. 
Calculate the equilibrium constants K^ and K^. {U S ! ‘lU'.si 

Solution: Let the number of moles of hydrogen introdilced 
be m moles. 

Total moles of CO and hydrogen = 0.2+ m 
Applying, PV = nRT 

P = 4.92 atm, V = 5 litre, R = 0.082, 
r = (273+327)= 600 K 
4.92 x 5 = 0.082 X 600 x (0.2 + m) 


0.2 + m = - 


4.92x5 

0.082x600 


m = 0.3 mole 

CO(g) + ^ 

0.2-jc 0.3 - 2x 
0 . 2 - 0.1 0.3- 0.2 


CHjOHlg) 


(No. of moles 
at equilibrium) 


(Active masses) 
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Applying law of mass action. 


[CH3OH] _ T 

[CO][H2f OJxf^ 

5 5, 


- = 2500mor^ L- 


Initial mole 1 0 

At equilibrium 1 - x 4x 

(1-0.29) (4x0.29) 

= 0.71 =1.16 

Applying law of mass action, 

^ =[Z!?L = £ii^ = 2.5582 atm^ . 

" iPsJ 0.71 

' Example 8. For the equilibrium, 

AB(g)^ACgy+B(g), 

K p is equal to four times the total pressure. Calculate the number 
of moles of A formed. . - ^ 

Solution; Let the total equilibrium pressure be = f atm 
Given, K ^ = 4P 

Let the start be made with 1 mole of 45(g) and the degree of 
dissociation be x 

45(g)^ 4(g) + 5(g) 

At equilibrium l-x x x 

Total moles at equilibrium = l- x + x + x= l + x 

X 

Thus, Pa - Partial pressure of 4 =- P 

1 + x 

X 

Pg = Partial pressure of 5 - P 

1 + x 


l-x 



P 

l + x 


X 

\ / 


P 

1 + x 

Jv,l + X 

r 

‘■Xpl 


Hence, number of moles of A formed 


times initial 


We know that, K^ = K,{RT t\M =-1 
or 5:^=2500(0.082x600)"^ 

or K= —— = 1.03 27 atm"^ 

' 49.2x49.2 

Example 7. When sulphur in the form ofS^ is heated at 
900 K the initial pressure of 1 atm falls by 29% at equilibrium. 
This is because of conversion of some 5^ to S 2 . Find the value of 
equilibrium constant for this reaction. 

Solution: Sg(g)^=^ 4 S 2 (g) 


Pab - Partial pressure of AB 
Applying the law of mass action, 

Pa^Pb . 
K - 

Pab 


s 

moles of 45 taken 

Example 9. 0.15 mole of CO taken in a 2.5 litre flask is 
maintained at 705 K along with a. catalyst so that the following 
reaction can take place: 

■ COrg) + 2iT2 (g) ^ CH.fiHig) 

Hydrogen is introduced until the total pressure of the system is 
8.5 atm at equilibrium-and 0.08 mole of methanol is formed. 
Calculate (i) K ^ and and (ii) the final pressure if the same 
amount of CO and H 2 as before are used, but with no catalyst so 
that the reaction does not take place. t * 1 i' ? 9<L'.; 

Solution: (i) Let the total number of moles of gases be n a^ 
equilibrium. 

Applying equation, PV = nRT 
Given, P = 8.5 atm; V = 2.5 L; 

R = 0.0821 atm L mol"' K"' and T = 705 K 


8.5 X 2.5 
0.0821x705' 


0.,367 mol 


151.6mor^ L^ 


4-4x2 =x2 


CO(g) + 2H2(g) CH30H(g) 

Initial mole 0.15 («H 2 )o 0 

At equilibrium 0.15-x [(«H 2 )o-^] x=0.08 

Number of moles of CO at equilibrium 
= (0.15-0.08)= 0.07 mole 
Number of moles of H 2 at equilibrium 

= total moles - moles of CO - moles of CH 3 OH 
= (0.367-0.07-0.08) 

= 0.217 mole 

Applying law of mass action, 

0.08 

_i^=,51.6mol-2L2 

[C0][H2]2 0.07^ 1^0.217)-' 

2.5 2.5 J 

Now, Kp =K^[RTf" =T5L6x(0.0821x 705)"2 

= 0.045 atm "2 

(ii) Since, [(^h, )o “ 2x] = 0.217 
or (n^j )o = 0-217+2x 0.08 

= 0.377 mole 
('^co)o=0-15 

Total moles («„) = 0.377+0.15= 0.527 

n^RT 0.527x0.0821x 705 

■Hence, — =- 

“ V 2.5 

= 12.20 atm 

Example 10. The equilibrium constant for the reaction, 

CO{g) + i/jGCg) ^ CO2 (g) + H2 (g), 


■Hence, 
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at 986°C is 0.63. A mixture of mole of water vapour and 3.0 
mole of CO is allowed to come to equilibrium. The equilibrium 
pressure is 2.0 atm. 

(i) How many moles of H 2 are present at equilibrium? 

(ii) Calculate the partial pressures of gases in equilibrium 

mixture. H'l ! 97 ?; 

Solution: (i) In the given reaction. An = 0 , hence, K^. = K^ 

CO(gJ + HoOIg) ^ CO2C?) + HjCg) 

At equilibrium 

Applying law of mass action, 

..= 0.63 

(3-x)(l-x) 

= 0.63(3-4x + x’) 

0.37x^+2.52y- 1.89=0 


or 


X + 6.81x- 5.1 


6.81±[6.81x6.81-4x(-5.1)] 


1/2 


= 0.68 mole = H, 


(ii) Partial pressure of CO 2 = partial pressure of H 2 

= mole fraction x total pressure 

= — X 2 = 0.34 atm 
4 

Partial pressure of CO(g) = ——x 2 = 1.16 atm 

4 

Partial pressure of H-,0(g)' = x 2 = 0.16 atm 

4 

Example 11. The equilibrium constant for the 
reaction, 

7S02{g) + 02ig)^7S0,{g) 
is 90Q atm ' at 800 Ai. A mixture containing SO^ and Oj having 
initial partial pressure of 1 and 2 atm respectively is heated at 
constant volume to equilibrate. Calculate the partial pressure of 
each gas at 800if. 

Solution: The system in the initial stage does not contain 
SO 2 - SO 3 will, thus, decompose to fonn SO 2 and O 2 until 
equilibrium is reached. The partial pressure of SO 3 will decrease. 
Let the decrease in partial pressure be 2x. 


2S02(g) + 02 (g) ^ 2 S 03 (g) 
At equilibrium (2x) (2 + x) (l-2x) 

Applying law of mass action, 

(1-2x)2 


or 

or 


K„ = 


900: 
1 - 2 x 


( 2 x )"(2 + x) 

(l-2x)^ 


8 x^ 

84.85 


x=: 0.0115 atm 

Thus, the partial pressures at equilibrium are: 

Pso, =2x0.0115 = 0.023 atm 


(2 + x) —^ 2 


Po, =2+0.0115 = 2.0115 atm 
= 1 - 2 X 0.0115 = 0.977 atm 

Example 12. What is the concentration of CO in 
equilibrium at 25°C in a sample of a gas originally containing 
1.00 mol IT^ of CO-,? For the dissociation of C02 at25°C, 
=2.96x10“^^ 


Solution: 2 C 03 (g) 

At equi librium (1 - 2 x) 


2C0(g) + 02(g) 
( 2 .V) (x) 


Applying law of mass action, 

[0,:i[C01- xx(2x)'- 


K,. 


[CO, 


(1-2-v)- 


= 2.96x10 


-92 


It can be assumed that 1 - 2x = 1.0as is veiy small. 
So, 4x^ =2.96x 10“’^ 

or x= 1.95x10“"’' molL“' 

[CO] = 2x=2x 1.95x10’^' 

= 3.90x10"^' molL"' 


Example 13. Ammonia is heated at 15 atm from 21°CtQ 
347°C assuming volume constant. The new pressure becomes 50 
atm at equilibrium. Calculate % of NH^ actually decomposed. 

Solution: Pressure of NH 3 at 27®C = 15 atm 

Pressure of NHj at 347 °C = P atm 
P _ 15 
620 ” 300 
P = 31 atm 

Let a moles of ammonia be present. Total pressure at 
equilibrium = 50 atm 

2NH3(g) ^ N 2 (g) + 3H2(g) 

At equilibrium {a - 2x) x 3x 

Total moles a-2x + x-t-3x=fl + 2x 

Initial number of moles _ Initial pressure 
Moles at equilibrium Equilibrium pressure 
a _ 31 
(a + Zx) 50 
19 

x = — a 
62 

19 19 

Amount of ammonia decomposed = 2x=2x — a = — a 

62 31 

19x fl 

, % of ammonia decomposed =-x 100 

31xa 

= 61.3 

Example 14. Calculate . the per cent dissociation of 
HjS (g )t/0.1 mole ofH 2 S is kept in 0.4 litre vessel atlOOOK for 
the reaction, 

2H2S{g)^2H2(g)+S2(g) 

The value ofK, is l.Ox 10“^ ■ .:;v , 
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Solution: 

2 H 2 S(g)T= 

^ 2 H 2 (g) + S 2 (g) 

Solution: 2 AB2(g)^=^2 AB(g) +Bjig) 

At equilibrium 

(O.-l-x) 

X ■ 

x/ 2 

At equilibrium^ (1-x) x x/2 

Molar cone. 

( 0 . 1 -x) 

X 

X 

Total moles at Equilibrium = 1- x + x + y/2 

0.4 

0.4 

OJ 

2 + x 




l,0.4j 10.8, 


[H 2 S]' 


O.l-jcV 


1.0x10' 


0.4 


or 


0 . 8 ( 0 . 1 -x)- 


= 1.0x10' 


as X is very small; O.l-x—J’O.l 
,3 


X 


0.8x(0.ir 


1 . 0 x 10 ' 


or 


y^= 8 x 10 '^ 


x=2x 10' 


, So, ^er cent dissociation ■ 


2 x 10 ' 


0.1 


■X 100 = 2.0 


Example 15. The vapour density {hydrogen = V) of a 
mixture containingNOj andis 38.3 at 26.7° C. Calculate 
the number of moles ofNO^ in 100 grams of the mixture. 

(MLNR I9W) 

' Solution: N 204 (g)T=^ 2 NO 2 (g) 

At equilibrium (1-x) 2x 

D-d 


X (degree ot ^issociation) = 
Given, d ='38.3, W 


in-l)d 

. „' -.>Mol. mass of N 2 O 4 _ 92 


46, H = 2 


46- 38.3 

So, X = - = 0.2 

38.3 

At equilibrium, amount of M 2 O 4 = 1 - 0.2 = 0.8 mol 
and amount of NO 2 = 2 X 0.2 = 0.4 mol 

Mass of the mixture = Q .8 x'92 ,+ '0.4 x 46 
= 73.6+18.4 = 92.0g 

Since, 92 gram of the mixture contains = 0.4 mol NO 2 
So, 

100 gram of the mixture contains = = 0.43 mol NO, 

92 

Example 16. At temperature T, the compound AB 2 (g) 
dissociates according to the reaction, 

2AB2(g)^2AB(g) + B2(g)' 

with a degree of dissociation, x. which is small compared with 
unity. Deduce the expression for x in terms of the equilibrium 
constant, K and the total pressure, P. HiT !994) 


Pab^ 


2 

2(1-y) 2x „ 

•^1 Pab =7r—s'^’ Pb 


(2 + x) 


(2 + y) 


Kp=- 



2 y „ 

2 

r X j 

(PaS )^iPB2 ) _ 

_(2 + x) 


2 + X j 


^ (2 + x) 

1 

\P 


■P; 


(PaBi ) 


v (2 + x) 
x\P 


(2 + x)(l-xf 


Asxis very small, (2 + x)—> 2and (1- x)-+ 1. 
So, 


x^P 


or 


or 


3 


x- 


■''2Kp'^^'^ 


Example 17. At 25°C and one atmospheric pressure, the 
partial pressures in an equilibrium mixture of Nj O 4 and NO 2 are 
0.7 and 0.3 atmosphere, respectively. Calculate the partial 
pressures of these gases when they are in equilibrium at 25 °C and 
at a total pressure of 10 atmospheres. . (’vILNR 1990) 

Solution: N 204 (g)+=^ 2 N 02 (g) 


At equilibrium 


0.7 


0.3 atm 


X,=iT52ll = Mii2:3 = 0.1285atm 


f'N204 


0.7 


Let the degree of dissociation of N 2 O 4 be x when total 
pressure is 10 atmosphere. 

N204(g)^2N02(g) 

At equilibrium (1 - y ) 2y 

Total number of moles = l- x+2x=l + x 
(1-y) 


^^304 PNO2 


2 x 


(1 + x) ■ '(l + x) 


xlO 


f 


=0.1285 = 


2 x 

l + x 


x 10 


1 -x 
l + x 


XlO 


40x 


Since,Xis very small, (1-x )—>1 

2 0.1285 


So, 


40 

x= 0.0566 


or 
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i\-x) 1-0.0566 0.9436x 10 „ 

/’n ,04 = ^ 10= -— _ X 10= — _ — = 8.93 atm 


PnOj - ■ 


(l + jc) 
2x 


1 + 0.0566 


1.0566 


2x0.0566 ,„ 0.1132 
X 10=-^- X 10=- X 10= 1.07 atm 


(1 + x) 1+0.0566 1.0566 

Example 18. At 450°C, the equilibrium constant, Kp ,for 
the reaction, 

N^{g)+m^{g)^2NH,{g) 
was found to L6 x 10 ^ at a pressure of200 atm. IfN 2 and H 2 

are taken in 1:3 ratio what is % of NH^ formed at this 
temperature? 

Solution: N 2 (g) + 3H2(g) ^ 2NH3(g) 

At equilibrium (1-Jc) (3-3x) 2x 

Total number of moles = 1- x+ 3- 3x+2x=4-2jc 
„ _ (1-^) O. _ _(3-3x)„. „ _ 2x „ 




(4-2x) 


( T^nh, ) 


(4-2x) 


(4-2x) 


2x 




4-2x 


PNj X ( Ph2 

( 1 A 

1-^ p 

f3-3xp^ 


l4-2x J 

U-2x J 


4x^ (4-2xr 


(l-x)x27x(l-x)^P^ 


1.6x10"^ = —X 


x\2-xf 


or 


27 (1-x)^ x(200)^ 

x^( 2 -x)^ _ 1 . 6 xl 0 ~^ x27x(200)^ 

(l-x)'* 16 

_ 16x10“® X 27 X (200)^ 

- 5^- 

16 

= ?00x 10^^ X = 1.039 
x=0.30 

Moles of ammonia formed = 2 x 0.30 = 0.60 
Total moles at equilibrium = (4 - 2x) = (4 - 2 x 0.30) = 3.40 

% of NHo at equilibrium = x 100 = 17.64 
^ 3.40 

Example 19. A mixture of SO 2 and O 2 at 1 atmosphere in 
the ratio of 2:1 is passed through a catalyst at 1170°C for 
attainment of equilibrium. The exit gas is found to contain 87% 
SO 2 by volume. Calculate Kpfor the reaction. 


or 


or 


- 503 (g) 


502(g) + ^02(g); 

Solution: The volume of SO 2 and O 2 at equilibrium 

= (100- 87)= 13 mL 

Volume of SO 2 = - x 13 = 8.67 mL 
3 

Volume of oxygen = ^ x 13 = 4.33 mL 


PsOj 

PSO 2 

P 02 


07 

: — x 1=0.87 atm 
100 


8.67 

100 

4.33 


X 1 = 0.0867 atm 


X 1 = 0.0433 atm 


^P = 


Pso, 


0.87 


Pso, X ( Po,) 


1/2 


(0.0867) X (0.0433) 
0.87 


1/2 


(0.0867)x 0.208 . 

= 48.24 atm“''^ 

Example 20. N20,^ dissociates as. 

N20,(g)^2N02ig) 

at55°C and one atmosphere % decomposition 0 /A 2 O 4 is 50.3%^^ 
At what pressure and same temperature, the equilibrium mixture 
has the ratio o/A 2 O 4 : NO 2 as 1 : 8 
Solution: 

Case I: N 204 (g) ^ 2 N 02 (g) 

At equilibrium (1-x) 2x 

( 1 -x), „ 2 x 


PN 2 O 4 


(1 + x) 


PNO 2 - 


(l + x) 


■xP 


2x 


^P= r 


l + x 


1 -^ 
l + x’ 


Given, x = 0.503 and P = 1 


4x^P 

(1-x') 


K p = 1.3548 atm 


Case II: 


Given, 


:^ 2 N 02 

2x 


N 2 O 4 
(1-x) 

(l-x) _ 1 
8 


2x 
x=0.8 

Let the new pressure be P atm. 

4xO.8xO.8xP 


K. 


4x^P 


1.3548 


IS 


’’ (l-x^) (1 +0.8)0-08) 

P = 0.19 atm 

Example 21. At 627°C and one atmosphere SO^ 
partially dissociated into SO 2 and O 2 by the reaction, 
5G3(g)^502(g)+l/202(g). 

. The density of the equilibrium mixture is 0.925 g . What is 

the degree of dissociation? 

Solution: Let the molecular ihass of the mixture at 
. equilibrium be . 

Applying the relation, 

dRT 0.925x0.0821x900 


■Wmix =■ 


=.68.348 


1 
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Molecular mass of SO, = 80 


Vapour density of SO 3 ,£) = 


80 


40 


Vapour density of mixture, d = —I = 34.174 


Let the degree of dissociation be x 
D-d 40-34.174 


u 


2 

5.826x2 

34.174 


0.34 


or x= 34% dissociated 
Le., SO 3 is 34% dissociated. 

Example 22. Density of equilibrium mixture ofN20^ and 
NO 2 at 1 atm and 384.^ is 1,84 g dm~^. Calculate the 
equilibrium constant of the reaction. 

JV 2 O 4 t=^2M92. 

Solution: We know that, 

Pm = dRT 

lx 1.84x 0.0821x 384 

m = 29 X 2 

Vapour density {d ) at equilibrium = 29 
Initial vapour density = A/ / 2 = 92/ 2 = 46 

D-d 46-29 ,,,, 

{n-\)d 29 

N,04 ^=:^ 2 N 02 

'1 0 

\-x 2x (Total moles = 1 + x) 

1 — X 2.x 

PN2O4 -^ PNO2 ~ ^ ^ 


t = Q 

^eq. 


K, 


1 + x l + x 

Ax^P 4 X (0.586)^ X 1 


l-x- l-(0.586r 

Example 23. For the reaction. 


2.09 atm 


NH2{g)^-^N2-{g) + -^H2{g) 

show that degree of dissociation of NH^ is given as: 

3V3 p 


a = 


1 + - 


4 K, 


where, ‘ p’ is equilibrium pressure. IfK^ of the above reaction is 
78.1 atm at400°C, calculate K^.. 

Solution: 

NH3(g)^lN2 + 


t = 0 

W 

Pi 


1 

1 - a 
1 - a 


-N, + 

2 

0 

all 
' a 


Total moles 


1 + a J ( 2(1 + a) J [ 2(1 + a) j 


0 

3a/2 

3a 


1 

1 + a 

!jy if -> partial 

pressure) 


K, 


[NH 3 ] 


a 

1/2 

J 

3a 

3/2 

pa“v27 

_ 2 (l + a) 

2(1 + a) 


l-a 
, P 

1 + a 

4(l-a^) 


Solving for a, we get a 


1 + 


3^/3 


4 K, 


- 1/2 


\Aii 


can be calculated by using K^ = K^. (RT ) 

=78.'l;r = 673K; A« = l 

Example 24. The equilibrium constant K^ for the 
reaction, .. ..... _ 

+37/2 ^=^2NH2 

A1.64 X 10"* at 400°C and 0.144 x 10'“* at 500°C. Calculate the 
mean heat of formation of\ mole of NH-^ from its elements in this 
temperature range. 


Solution: We know that, log 


K 2 


AH 


log 


2.3037? 
AH 


1 1 




' 2 ; 


0.144 


1-64 2.303 X 1.987 X 10’ 


J_1^ 

673 773 


AH = -25.14 kcal for 2 mole 


■ 12.57 kcal mol 


-I 


Example 25. When limestone is heated, quicklime is 
formed according to the equation, 

CaCO^ (s ) CaOis) + COj (g) 

The experiment was carried out in the temperature range 
800- 900°C. Equilibrium constant K p follows the relation, 
logATp =7.282-8500/r 

where, T is temperature in Kelvin. At yvhat temperature the 
decomposition will give CQ^ig) at 1 atm? 


Solution: 


^ i> - PCO 2 ~ 1 


log =7.282- 
log 1 = 7.282 - 


8500 

r 

8500 

T 


r = ^ = 1167.26K 
7.282 

= 894.26°C 


Example 26. Equilibrium constant for the reaction of 
iodine with propane according to the following equation wa^ 
determined. 

Some results obtained at 545 K were as given ahead: 
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Initial Pressures (inm Hg) Equilibrium Pressures (mm) 


LJk.; 

-C 3 H 4 ' 

HI 

HI 


; 23.9 

505 . 8 " 

0 " ^ 

1.80 

1.80 

! 16.1 

355.3 

1.62 

2.27 

0.645 


Calculate equilibrium constant according to the following 
equation, 

l2ig)+C,H,ig)^C,H,Iig) + HI(g) 

Solution: 1st experiment; 

h(s) + C3H,(g) ^ CjHjIfe) + HI(g) 

t = 0 23.9 505.8 0 0 

4^ (23.9- 1.8) (505.8-1.8)- 1.80 1,80 

.LiriiA. 2.9x10-^ 

P\2 ^ PCiHf, 22.1x 504 

Similarly, solve for second experiment. 

Example 27. At 817°C K p for the reaction between CO 2 
and excess hot graphite to form 2CO(g ) is 10. 

(i) What is the analysis (mole fraction) of the gases at 
equilibrium atZ\l°C and a total pressure of 4 atm? What 
is the partial pressure of CO^ at equilibrium? 

(ii) At what total pressure will the gas mixture have 6% COj 
by volume? 

Solution: (i) C02(g) + €( 5 );?==^ 2CO(g) 

f=0 1 0 ■ 


Peq. 


1 - a 

2 a 

l-.a'l 

( 2a ' 

1 + aj-^ 

[l+a 

_ 4a2p 

^ p 2 

1 -a 

1 -a^ 


On solving, we get a = 0.62 

jc = = 0.2345 = 23.45% (by volume) 

l + a 1+0.62 


Xpo = 0.7655 = 76.55% (by volume) 

PCO 2 ~ (0-2345 X 4.0) atm = 0.938 atm 

(ii) Let the-total pressure be P atm. 

„ [ Fco]^ 0.94 X F X 0.94 X F 

Fcoj 0.06 xF 

F = 0.68 atm 

Example 28. Ammonia under a pressure of 20 atm at 
127°C is heated to 327°C in a closed vessel. Under these 
conditions NH^ is partially decomposed to Nj and H 2 according 
to the equation: 

2NH2(g)^N2ig)+3H2ig) 

After decomposition at constant volume in a vessel the 
pressure increases to 45 atm. WItat is the percentage of ammonia 
dissociated? 


Solution: 

2NH3(g)^=+N,(g) + 3H,(g) P 

t = 0 a 0 0 a 20 

4 ^ a-aa ad / 2 3aa / 2 a + aa 40 

p - _ g X F X 400 

~ ■ F ~ 20 

y _ ^ _ g(l + «)xF.x 600 
F ~ ■ - 45 

...... . 400x45 


On dividing, we get 1 


(l + a)20x600 


a = 0.5 

Percentage dissociation of NHj = 50 

Example 29. When 3.06 g of solid NH^HS is introduced 
into a two litre evacuated flask at 27°C, 30% of the solid 
decomposes into -gaseous ammonia and hydrogen sulphide..^ 
(/) Calculate and Kp for the reaction at 27°C. (ii) What 
would happen to the equilibrium when more solid NH^HS is 
introduced into the flask? {HI ’ 

Solution: NH 4 HS(s)^=iNH 3 (g)+HjSCg) 

Moles of NH 4 HS = — = 0.06 
51 

Degree of dissociation = 0.3 

At equilibrium, 

0.3x0.06 0.3 ; 


[NH 3 (g)] = - 


[H2S(g)] = ^x0.G6 


=f[NH 3 (g)][K^S(g)] = 


0.3x0.06x0.3x0.06 


= 8.1x10" 


;PCl3 +CI 2 


Now applying,- 

Kp =K^(RT)^" =8.1x10“-’ X (0.082X 300)- 
= 0.049 

Since, NH 4 HS is solid, so it causes no change in equilibrium. 

Example 30. .4t 5AQK, 0.10 mole ofPCf are heated in a 
8 litre flask. The pressure of equilibrium mixture is found to be 
l.Oatw. Calculate^ K p and K ^ for the reaction. HH-ii? 

Solution: PCI 5 ;^=^PCl 3 + CI 2 

At equilibrium (mole) (0.1-x) x x 

Total number of moles, « = (0.1-x) + x + x=(0.1 + x) 

FF = nRT 

lx 8 = (0.1 + x)x 0.082x540 
or X = 0.08 

- - K - [PQ3][Cl2] _ 

. [PCI 5 ] (0.1-x)x8 

= - 0 : 0 «^i^ = 4xl0“^molL-> 
(0.1-0.08)8 

K=K^(RT)‘^’'=K^RT(lkn = + l) 


^4x10“^ X 0.082x540= 1.77atm 
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Example 31. At 817°C, for the reaction between 
CO 2 (g)and excess hot graphite(s) is lOatm. 

(a) What are the equilibrium concentrations of gases at 
817°C and a total pressure of 5 atm? 

(b) At what total pressure, the gas contains 5% CO 2 by 

volume? . (HT2»«0)- 

Solution: (a) C02(g)+C(^)^p=^'2CO(g) 

At equilibrium (5 - x) atm x atm 


K, 


[CO]" 


[CO 2 ] (5-x) 


10 = 


X + lOx- 


5- X 
x^ = 50- lOx 
■50=0 . 
- 10 ± 


+ 200 


i.e., pco =3-66 atm; pcoj 

Concentration of CO = = 

. RT 


Concentration of CO, 


RT 


- 1.34 atm 
. 3.66 

0.0821x1090’ 

1.34 


= 3.66 


: 0.041 mol litre 


0.0821x1090 


0.015 mol litre 


(b) 


C02(g) + C(s) 


t = o 


, 1 

l-£t 
1 - a 




2a 
1 + a 


2CO(g) 

0 

2a 

2o 

- P 

1 + a 


4a^/> 


5 

100 ’ 

a : 


1 


1-a 
1 + a 
-a 


1-a" 


(i) 


1 + a 
:0.95 


From eq. (i), 10 


4 X (0.95)" 
l-{0.95)^ 
p = 0.27 atm 


X p 


Example 32. The value ofK^isl^lQ^atm ^ at 25° Cfor 

the reaction MOig)ACl 2 {g) 2NOCl{g). A flask 
contains NO at 0.02 atm and at 25°C. Calculate the mole of CI 2 
that must be added ifl%of the NO is to be converted to NOCl at 
equilibrium. The volume of the flask is such that 0.2 mole of gas 
produces 1 atm pressure at 25°C. {Ignore probable association of 
NO to N 202 )- (irr 2001 )_ 


Solution: 2NO(g)+Cl^Cg) 

t = 0 0.02 0 

0.02x99 




K, 


100 

[ F’noci ]' 


2NOCl(g) 

0 

0.02 X 1 
100 
2 


(0.02x0.01) 


[PNof[Pci,] (0.99X 0.02)2 X/; 

■x 

/? = 0.102 atm 
PV=nRT 

0.mxV=.nxRxT 
lxV = 0.2xRxT 


10" 


... (i) 
.. (ii) 


From eqs. (i) and (ii), 

Pressure of CI 2 involved in reaction 

1 


« = 0.0204 (no. of moles of Cl 2 at 
equilibrium) 


= -^ X pressure of NOCl 


= 1 0Q2 

^2 100 
PV = nRT 
O.OOOlxV =^nxRT 


- 0.0001 atm 


From eqs. (ii) and (iii), « = 2 x 10" 


,..(iii) 

(moles of Cl 2 involved 
in reaction) 


Initial moles of C12 taken = 0.0204 + 2x10 ^ 

= 0.02042 ■ 

Example 33. In the following equilibrium, 

N20,{g)^2N02ig) 

when 5 moles of each is taken and the temperature is kept at 
298 K, the total pressure was found to be 20 bar. 


Given : AG, 


■■\mkJ,^GfN02 =50fc/ 


Ni04 

(a) Find. AG of the reaction at 298 K. 
{b) Find the direction of the reaction. 


(IIT2004) 


Solution: Reaction Quotient = 


[/?NO, ] 100 


AG„ 


■■2AG. 


- ag! 


10 


= 10 


' reaction “ NO, N 2O4 

= 2x50-100=0 

We know that, AG = AG° - 2.303 RFlog 

= 0-2.303x 8.314x 298 log 10 
= -5705.81= - 5.705 kJ 

Negative value shows that reaction will be in forward 
direction.. 
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Summary and Important Points to Remember 


1. Irreversible and reversible reactions: Chemical 
reactions can be classified as irreversible and reversible 
reactions. The reactions which move in one direction only are 
called irreversible reactions. In these reactions products do not 
react to produce original reactante. In such reactions an arrow 
(—>) is placed between reactants and products. The chemical 
reactions which take place in both directions' under similar 
conditions are called reversible reactions. In such reactions 
products also react with each other to produce reactants again. 
The sign ()is placed between reactants and products. 

2. Chemical equilibrium: Chemical equilibrium is the 
most important characteristic property of reversible reactions. It 
is the stale at which both forward and backward reactions occur 
at the same speed. 

At equilibrium state. 

Rate of forward reaction = Rate of backward reaction 

At equilibrium stete, the concentrations of the reactants and 
products do not change with time. The following are the 
characteristics of the equilibrium state: 

(i) It can be achieved only if the reversible reaction is carried 
out in a closed space. 

(ii) It is characterised by constancy of certain properties such 
as concentration, pressure, density, colour, etc. 

(hi) It can be attained from either side of the reaction. 

(iv) It can be attained in lesser time by use of a catalyst. 

(v) It is dynamic in nature, i. e, reaction does not stop, but 
both the forward and backward reactions move with the same 
speed. 

(vi) Change of pressure, concentration or temperature favours 
one of the reaction and thus shifts the equilibrium point in one 
direction. 

Reversible chemical reactions are classified into two types: 

(i) Heterogeneous reactions: The reversible reactions in 
which more than one-phase is present. 

(ii) Homogeneous reactions: The reversible reaetions in 
which only one-phase is present. These are further classified into 
three types: 

(a) When there is no change in the number of molecules, 
Le.,An = 0. 

(b) When there is an increase in the number of molecules, 
■ ' 'Le.,An = +ve / 

(c) When there is a decrease in the number of molecules, 
i e., An = - ve . 

3. Law of chemical equilibrium (Application of law of 
mass action): Consider the general homogeneous reversible 
reaction in which equilibrium has been attained at a certain 
temperature. 

myAi + + ...' ^. n^Bi + n2^2 + ”3-^3 + ■■■ 

Rate of forward reaction = Rate of backward reaction 

kf LAj’HA^rnA.r^ ■■■=h[B,r[B2riB,r - 


{[R,r[B2p[53p ^ 

or -^-= — =-A.. 

{[A,riA2nA,r...} k, 

The equilibrium constant, K^, at a. given temperature, is the 
ratio of rate constants of forward and backward reactions. It is 
also defined as the ratio between the molar concentrations of the 
products to the molar concentrations of the reactants with each 
concentration term raised to the power equal to stoichiometric 
coefficient in the balanced chemical equation. 

The value of equilibrium constant is independent of the 
following factors; 

-> (i) Initial cbncentration of reactants. 

(ii) The direction from which equilibrium has been attained. 

(iii) The presence of a catalyst. 

(iv) The presence Of inert materials. 

The value of equilibrium constant depends upon the following 
factors: 

(i) The mode of representation of the reaction: Consider 
the reversible reaction, 

A + B^^C + D 

K =1^ 

' [Aim 

. The products are made the reactants, i:e., the reaction is 
reversed: 


C + Dt^A+B 

Ay ,-^— 

[C][D] 

So, K' 

Kc 

(ii) Stoichiometric representation of a chemical equation: 
The value of equilibrium constant will be nurherically different if 
the reaction can be Written with the help of two or more 
stoichiometric equations. 

i.e.,2N02(g)^N2(g) + 202(g); 

LNO2J 

or N02(g) ^(1/ 2)N2(g) + 02 (g); K' = 

[NO2] 

Thus, 

(iii) . Use of partial pressures: When the reactants and 
products are in gaseous state, the partial pressures can be used 
instead of concentrations at a definite temperature. 

+ m2A2 + m-^A^ + ... v.- n^Bi + B2R2 + ” 3-^3 

" iPA,riPA,rHPA,r- 

Kp=K,(RT)^‘ 

where. An = total number of molecules of products - total 

number of molecules of reactants. 
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When, 

An = Q, 

K, 

__ ^ . 

) ^ c > 


An = + ve, 

Kp 

>Ky, 

and 

An = -ve, 

iv p 

<K,; 


(iv) Temperature: The value of equilibrium constant 
changes with temperature. The values of equilibrium constants at 
two different temperatures are related by the following equation; 

AH 



log -^2 - log K^=- 

When, 

A/f=0, i 


K 2 ” K j 

When, 

MJ + ve, L 


2.3Q3R 


J_ l_ 

Ti T\ 


T,>T, 


K. 


[PCl3][Cl2] 

[PCI 5 ] 


Ppcij ^ Pa 2 
. Ppcu 


X X 
— X — 

V V 


(a-x) (a~x)V 
V 


/ \ 

^ p 


/ ^ 
X 


+ X ^ 


^a + x ^ 

x^P 


I e., heat of reaction at constant 
volume is zero. 




a + X 


(a + x)ia - x) 


K2>Ki 

and when, AH = - ve, i, e., exothermic reaction 

K2<K, 

Units of equilibrium constant: Partial pressures are 
measured in terms of atmospheres. Therefore, units ofK p will be 
(atm) . Since, concentrations are measured in terms of moles per ^ c 

litre, the units of are (mol 

K p and will be pure numbers when. An = 0. 

4. Equilibrium expressions for some reactions: 

(a) H^Cg) + 12 (g) ^ 2 HI(g) fr 


(e) 

Initially a 

At equilibrium (a - x) 

. • ,'a-x 

Active masses 


N2(g) + 3H2(g)T 
b 

(b-3x) 
b~3x 
V 

2^- 
V 


:2NH3(g) 

0 

2 jc 

V , 


4x^V^ 


[NH 3 ]^ __ 

[N 2 ][H 2 ]-’ fa-TVb-SxV (a-x)(b-3x) 


F 


(PNH,r 


2x 


(a + b~ 2x) 


Initially a b 

0 

Pn2 

(« - ^) p 

ib-3x) ^ 

At equilibrium (a - x) (b- x) 

( 2 x) 


(a + b - 2x)^ 

(a + b - 2x) 


= 


[HI]^ 


{2xY 


4x^ 


[H 2 ][l 2 ] (a-x)(b-x) (a-x)(b-x) 


K - 

'' Pii2 X P 12 


( 2 x)^ 

ia^bf 


4x^ 



^ L ^ 

ab-x ^ 

(a-x)(b-x) 

[a + b j 

.[a + b j 



So, 

(b) 

Initially 
At equilibrium 

= 


K,. = K, 


2NO(g) 


a 

{a-x) 
[N2l[02]_x/2xx/2 


N 2 (g) + 02 (g) 
0 0 

x/2 x/2 


[NO]^ 


{a - xf 4{a - xy 


(c) 

CH3C00H(I) +C2HsOH(/) t 


Initi-ally a b 

Atequil. {a-x) (b—x) x 

[CH3C00C2H5][H20] _ 


CH3C00C2H5(/) + H20(/) 
0 0 




(d) 


[CH 3 COOH] [Cj H 5 OH] (a-x)(b-x) 

PCl5(g)^PCl3(g) + Cl2(g) 

Initially a 0 0 

At equilibrium . (a-x) 

Active masses 


(a-x) 


X 

X 

V 


X 

X 

F 


4x^{a + b-2x)^ 

{a-x)ib-3xfP^ 

5. Activation energies for the forward and backward 
reactions: Both forward and backward reactions follow the 
same path and from the same activated complex. However, the 
activation energies of both reactions are different. 

AE = E, (/)-£„ (b) 

For-exothermic reaction, {f)<E^ (b),i.e., AE = - ve 
For endothermic reaction, E^ (/) > E^ {b),i.e., AE = -f ve. 

Threshold energy = Energy of reactants + Activation energy 

of forward reaction 

Threshold energy = Energy of products + Activation energy 

of backward reaction 

6 . Standard free energy change of a reaction and its 
equilibrium constant are related to each other at temperature 
T by the following relation: 

AG° = -2.303i?riog^^ 

AG° = AH°-TAS° 

When, AG° = -ve, the value of equilibrium constant will be 
large positive quantity and when AG° is positive, the value of K 
is less than 1 , i.e., low concentration of products at equilibrium 
state. 

7. Degree of dissociation from density measurements: 
Degree of dissociation in the case of revemible reactions in which 
there is increase in the number of molecules can he determined by 
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measuring density of the reaction mixture at equilibrium. Let d be 
the observed density at a particular temperature when degree of 
dissociation is x and D be the vapour density when there is no 
dissociation. 

X = ———; where, n is the number of molecules of products. 
(« - \)d 

8. Heterogeneous equilibria: Law of mass action can 
also be applied to the heterogeneous system. In such systems the 
concentrations of pure solids and liquids are not considered , in 
equilibrium expressions. 


Applications of Le Chatelier’s Principle 

(i) Ice water system (melting of ice): 

Ice + Heat v Water 

It is an endothermic process and there is decrease in volume. 
Thus, the favourable conditions for melting of ice are: 

(a) High temperature and (b) High pressure. 

(ii) Solubility of gases in liquids: When a gas dissolves in 
a liquid, there is decrease in volume. Thus, increase in pressure 
will favour the dissolution of a gas in liquid. 

(iii) Formation of nitric oxide: 


C(^) + HjOCg) ^ CO(g) + HjCg) 


N 2 (g) + 02 (g) V 2NO(g) - 43200 calorie 


K 


p 


Pco ^ Ph2 

PhjO 


_ [C0][H2 

' [H2 


i. e., concentration of 0(5) is not taken into account. 

9..Le - Chatelier ’s principle: - It is a qualitative principle - 

which can describe the effect of change in concentration, 
pressure and temperature on the reversible system whether 
physical or chemical. It is stated as “If the system at equilibrium 
is subjected to a change of any one of the factors such as 
concentration, temperature or pressure, the system adjusts itself 
in such a way as to annul the effect of that changift” The 
following conclusions have been derived from this principle: 

(i) Increase in concentration of any substance favours the 
reaction in which it is used up. 

(ii) High pressure is favourable for the reaction in which there 
is decrease in volume. 

(iii) A rise in temperature favours the endothermic reaction. 


In this chemical reaction, there is no change in the number of 
molecules and heat is absorbed (endothermic). Thus, favourable 
conditions for greater yields of NO are: 

(a) High concentrations of N 2 and O 2 , 

(b) High terhperature and 

(c) No effect of pressure and catalyst. 

(iv) N 2 (g) + 3H2(g)^=^2NH3(g) + 22400calorie: The 
reaction involves decrease in number of molecules and evolution 
of heat (exothermic). The favourable conditions are: 

(a) High concentrations of N 2 and H 2 , 

(b) High pressure and 

(c) Low temperature. 

To speed up the rate of reaction at low temperature, a suitable 
catalyst is always employed. 
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^Questions 




1. Match List 1 (Equations) with List II (Type of Processes) and 
select thecorrect option: 


Listrl 

(Equations) 

(b)AG“<i?nog,e 


.(d)r> 


List-II 

(Type of Processes) 

(i) Non-spontaneous 

(ii) Equilibrium 

(iii) Spontaneous and 
endothermic 

(iv) Spontaneous 


(A) a = (i); b = (ii); c = (iii);d = (iv) 

(B) a = (iii); b = (iv); c = (ii); d = (i) 

(C) a = (iv); b = (i); c = (ii); d = (iii) 

(D) a = (ii); b = (i); c = (iv); d = (iii) ICBSE (PMT) 2010) 
[Hint; When > g; rate of forward reaction > rate of backward 
reaction, i.e., process is spontaneous. 

When AG° < RT log^ Q, AG° is positive, thus reaction is non 
spontaneous. 

When Kp = Q, reaction is at equilibrium. 

When TAS > AH , AG will be negative only when AH = +ve, thus 
is spontaneous and endothermic.] 

Mdtrix-Matching Problems (For IIT Aspirants): 

[A] Mhtch the Column-I with Column-II:' 

Column-I , Column-11 

(a) Haig) ^ IjCg) ^ 2HI(gr) (p) Unaffected by 

inert gas addition 

(b) CaC 03 (s)T==^ CaO(s)+C 02 (g) (q) Forward shift by 

rise in pressure 
and backward 
shift by inert gas 
addition 

(c) N 2 (g) + 3 H 2 (g) 2 NH 3 (g ) (r) Unaffected by 


pressure 


(d) PCI 5 (g) PCI 3 (g) + Cl, (g) (s) Backward shift by 

rise in pressuj • 
and forward shift 
by inert gas 
addition 

[B] Match the reactions in the Cfllutim-I with the units of 
equilibrium constant in Column-II: 

Colmnn-I Cofumn-lf 

(a) CaCOjCs) ^ CaO(s) + COjfg) (p)mol L 

(b) PCl 5 (g)i=i PCl,(g)+ Cljtg) (q)Unitiess 


(c) H 2 (g) + l 2 (g)- 

(d) N 2 (g) + 3H2(g): 


2HI(g) (r)atm 

:^ 2 NH 3 (g) (s)(atm)-2 


[C] Match the reactions of the Column-I with the factors in 
Column-II: 


CoIumn-I 


Column-II 


Ca)N 2 (g>-(- 3 H 2 (g)^==i 2 NH 3 (g) (p) Forward shift by 

(Exothermic) rise in pressure 

(b) 2 S 02 (g) -t- 02 (g) 2 SO 3 (g) (q) Unaffected by 

(Exothermic) change in pressure 

N? (g) + O 2 (g) V 2NO(g) (r) Forward shift by 

(Endothermic) rise in temperature 

(d)PCl 3 (g)-i- ei 2 (g)^=^PCl 5 (g) (s) Forward shift by 

(Endothermic) lowering the 

temperature 

[D] Match the reactions of the Column-I with the relations in 
Column-II: 


2 NH 3 (g) 


2NO(g) 


Column-I 


Columo-II 


(a) H 2 (g) +l 2 (g) ;=^ 2HI(g) (^)K^=K,iRT) 

(b) N 2 (g) + 3 H 2 (g ) ^ 2 NH 3 (g ) (q) Kp = K, (RTf 

{c)?a,(g)^ PCl3(g) + Cl2(g) ir)K^ = K^iRTT^ 
(d) NH 4 HS( j) NHj (g) -t H 2 S(g ){s)Kp=K, 

[E] Match the List-I with List-II: 

List-I List-II 

(a) g = AT (p) Reaction is nearer to completion 

{b)Q <K (q) Reaction is not at equilibrium 

{c)Q> K (r) Reaction is fast in forward direction 

(d)A'»> 1 (s) Reaction at equilibrium 


(a) e = A 

(b) g<A 

(c) e > K 

(d) K »> 1 


[F] Match the List-I with List-II: 

■Lisf-I ■ 

- (Reaction) ’ 


List-II 

{K/KJ 


(^)^ 2 (g)+ 3^,(g)- 
(b):42(g)+^2(g)^ 


lAB^ig) (p)iRT-J^ 
AB{g) (q)(RT f 


ic) A{s)+-Bj{g) 
{d)AB2{g)^A. 


2ABig) 

-AB,(g) 


(r) (RT )*' 


AB(g) + AB,(g) (b)(RTT 


I 
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C 


(C){a = iv);(b = i);(c = ii);(d = iii) 

[A] (a-p, r); (b^p, r); (c-q); (d-s) 

[B] (a-p, r); (b-p, r); (c-q); (d-s) 

[C] (a-p, s); (b-p, s); (c-q, r); (d-p, r) 


[D] (a-s); (b-r); (c-p); (d-q) 

[E] (a-s); (b-q, r); (c-q); (d-p) 

[F] (a-p); (b-q); (c-s); (d-r) 


Practice Problems • 


1. K, for the reaction, NH 3 (g) l/ 2 N 2 (g) +3/2 at 

298 K is 5.2 x 10"^ What is the value of Ai, at 298 K for the 
reaction, 

N2(g)+3H2(g)^2NH3(g)? 


[Hint: A' for reaction 1/2 Njfg) + 3 / 2 H 2 (g) ^ NH 3 is 
,1 




5.2 X 10' 


,-5 


K,. for the reaction, N 2 (g) + 3 H 2 (g) 2 NH 3 (g), will be = {K'^f 


: 3.7x10®* ] 


5.2 X 10"" 


2. The value of for the reaction, 

2H20(g) + 2Cl2(g) ^ 4HCl(g) + Oojg), 
is 0.035 atm at 400°C, when the partial pressures are expressed 
in atmosphere. Calculate the value of for the same reaction. 

[Ans. 6.342x10'^ mol L"'] 

3. For the reaction, 

2 S 03 (g) ^ 2S02(g) + 02 (g), 
the equilibrium constant = 2.52 x 10"^ at 27°C; calculate 
Kp. (Given, R = 0.082 litre-atm deg"* mol"*) 

[Am. 61.99x10"’] 

4. If Kp for the reaction, N^fg) + 3 H2(g) .^ 2 NH3(g), 

1.64 X 10"^ atm"^ at 400°C. What will be the equilibrium 
constant at 500°C, if heat of reaction in this temperature range 
is- 105185.8 joule? 

[Ans. 1.44 X 10"^ atm] 

5. For the reaction, N 204 (g) ^. 7 2N02(g), = 0.157 atm at 

300 K. Calculate the value of for the same reaction at the 
same temperature. 

[Ans. 6.38 X 10"^ mol L"'] 

For the reaction, SOjjg) + SOjfg), the value 

of is 1.7 X 10 ’^ at 300 K. Calculate the equilibrium 
constants for the following reactions at 300 K: 

2S02(g) + 02 (g) ^ 2 S 03 (g) 
and S 03 (g) ^ S 02 (g) + l/20,(g) 


6 . 


; X10"'^] 


7. 


[Ans. 2.89x10", 5.8 
Determine Kp for the following reactions; 
(a) CO(g)+H 20 (g): 


^CO,(g) + H2(g); 

K, = 23.2 at 600 K 

(b) N 204 (g) 2N02(g); K, = 4.62 x 10"^ Af at 298 K 

(c) 2 S 02 (g) + 02 (g) ^ 2 S 03 (g); 

a: =2.8x10^ M"‘ at 1000 K 


[Ans. (a) 23.2 (b) 11.45 kPa (c) 0.0337 kPa] 
8 . From the following data at 1000 K: 

COCblg) CO(g) + Ci,(g); 


0.329 


K 2 = 2.24 X 10- 


,22 


2CO(g) + 0,(g) ^ 2CO,(g); 

Calculate the equilibrium constant for the following reaction: 

2COCl2(g) + 02 (g) 2G02(g) + Cl2(g).- 

[Ans. 2.43x10^*] 

9. For the reaction, SOjfg) + 02 (g) S 03 (g), is 

32(atm)“*^^at 800 K and Mi for the reaction is -187.9 kJ 

moF*. Calculate its value at 900 K, if it is assumed that Ml 
remains constant over this range of temperature. 

[Ans. 1.387 atm"*'^] 

10. The equilibrium constants for the reaction, 

N 2 (g) + 02 (g) +=i2NO(g), at 1727°C and 112TC are 
4.08 x 10""* and 3.6 x 10"^ respectively. Calculate the enthalpy 
change for the reaction. (Given, R - 1.987 cal.) 

[Ans. 43273 cal] 

11. Calculate the equilibrium constant (Kp) for the reaction, 

C(.?) + CO^Cg) 2CO(g), at 1300 K from the following 
data; C(.s) + 2H,0(g) C02(g) + 2H,(g); 

A:^ (1300 K) = 3.9 atm 
H2(g) + C02(g) ^ CO(g) + H20(g); 

Kp (BOOK) = 0.7 atm 

[Ans. 1.91 atm] 


[Hint: 


[CO]" ^_ [CO]"lH20r [H2r[C02] 

p(net) ru /-,i2 


[COj] [H2]"[C02]‘ [HjO] 

= (0.7)^ X 3.9] 

12. The standard equilibrium constant for the reaction, 

PCljjg) PCl 3 (g) + Cl 2 (g), 
is 1.8 X 10”’ at 298 K. Calculate its hG° value. 

[Ans. 38.49 kJ mol"'] 

13. For the equilibrium, Ag 2 C 03 (.s):;==^ AgjOji) + C02(g), 
equilibrium constants are 3.98x10”'* and 1.41x10”" 
respectively at 350 K and 400 K. Calculate the standard 
enthalpy of decomposition. 

[Aiis. 83.06 kJ/mol] 

14. The equilibrium constant for the reaction, 

N2(g) + 3H2(g) ^ 2NH3(g), 
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at 715 K is 6.0 x 10 If in a particular reaction, there are 0.25 
mol L“' of H, and 0.06 mol L“' of NH 3 present, calculate the 
concentration of N, at equilibrium. 

[Ans. [Nj] =3.84 mol L“'] 

15. One mole of HjO and one mole ofCO were heated in a 10 litre 
closed vessel at 1260 K. At equilibrium, 40% of water was 
found to react in the equation, 

HjOIg) + CO(g) ^ H,(g) + C02(g) 

Calculate the equilibrium constant of the reaction. 

[Ans. 0.44] 

[Hint: HjOCg) + CO(g) ^ CO^Jg) + HjCg) 

(1-0.4) (1-0.4) 0.4 0.4 

(at equilibrium)] 

16. Two moles of PCI 5 were introduced in a 2 litre flask and 
heated at 600 K to attain equilibrium. PCI 5 was found to be 
40% dissociated into PCI 3 and Cl,. Calculate the value of 
[Ans. = 0.267 mole L“'] 

17. 0.1 mole of PCI 5 is heated in a litre vessel at 533 K. Determine 
the concentration of various species present at equilibrium, if 
the equilibrium constant for the dissociation of PCI 5 at 533 K 
is 0.414. 

[Ans. [PCI 5 ] = 0.0531 mol L“'; [PCI 3 ] = 0.0469 mol L"'; 

[CI 2 ] = 0.0469 mol ] 

18. At 1000 K, the equilibrium constant, Ai^, for the reaction, 

CO(g) + Cl2(g) ^ COCUJg) 
is equal to 3.04. If 1 mole of CO and 1 mole of CI 2 are 
introduced into a 1 litre box at 1000 K, what will be the final 
concentration of COCI 2 at equilibrium? 

[Ans. [COCI 2 ] = 0.568 mol L"'] 

19. Given, that = 13.7 at 546 K for 


PCl 5 (g) T—^ PC] 3 (g) + Cl 2 (g), calculate what pressure will 
develop in a 10 litre box at equilibrium at 546 K when 1.00 
mole of PCI 5 is injected into the empty box? 

[Ans. P = 8.93 atm] 

[Hint: First detennine degree of dissociation, then evaluate the 

/I 

total pressure by applying, ^ where, u = 1 + or] 


20. In the following reaction, 

2HI(g)^H2(g)+ 12 (g) 

the amounts of H 2,12 and HI are 7.8 g, 203.2 g and 1638.4 g 
respectively at equilibrium at a certain temperature. Calculate 
the equilibrium constant of the reaction. 

[Ans. 0.019] 

21. Concentrations of two reactants A and B are 0.8 mol L“' each. 
On rriixing the two, the reaction sets in at a slow rate to form C 
and D. 

A+B^^C + D 

At equilibrium, concentration of C was found to be 0.60 mol 
L“*. Calculate thoequilibrium constant. 

[Ans. K^=9'\ 

22. 15 moles of hydrogen reacting with 5.2 moles of iodine form 
10 g mole of hydrogen/iodide. Calculate the equilibrium 
constant of the reaction. 


[Ans. .^,. = 50 ] 


23. In the dissociation of HI, it is found that 20% of the acid is 
dissociated when equililjrium is reached. Calculate the value 
of Kp for the equilibrium, 

2HI(g)^H2(g)+ 12 (g) 

[Ans. Alp = 1.56 X 10'-] 

24. The equilibrium constant of the reaction, 

A + B^^C + D 

is unity. What per cent of A will be transformed if three moles 

of A are mixed with 5 moles of 5? 

[Ans. 62.5%] 

[Hint: At equilibrium, 

A + B C + D 

(Is - x) (5 - .y) -v .V 


25. 


Find the value of x. % of A transformed = — x 100] 

3 

2 moles of A and 3 moles of B are mixed and the reaction is 


carried at 400°C according to the equation, 

A + B 2C 

the equilibrium constant of the reaction- is 4. Find the 
concentration of C at equilibrium. 

[Ans. 2.4 mole] 

26. A combination of hydrogen and iodine is carried out by 
heating 60 mL of hydrogen and 42 mL of iodine in a closed 
vessel. At equilibrium 28 mL of hydfoiodic acid is present in 
the vessel. Calculate the degree of dissociation of HI. 

[Hint: H 2 (g) + 12 (g) ^ 2HI(g) 

Al equilibrium (60 - 14) (42 -14) 28 mL 


^ _ 28x 28 _ 14 
~ 46 X 28 ~ 23 
2 HI(g)'^H,(g)+l 2 (g) 

^-x .v/2 .\72 (.Y is'he degree of -iation) 

^,_ .v/ 2 x.y /2 _ ^ ' 

( 1 -x)^ “ • ,-.y; .4 

X ^3 

or —^= 1,2817 

2(1-.V 14 


x = 0.72] 

27. One mole of H 2 , 2 moles of I 2 and 3 moles of HI are injected 
in a one litre flask. What will be the concentration of Hj, I 2 
and HI at equilibrium when is 45.9? 

[Ans. [H 2 ] = 0.316 mol L“', [L ] = 1.316 mol L'', 

[HI] = 4.368 mol L"‘ ] 

[Hint: Hjlg) + I,(g) ^ 2HI(g) 

At equilibrium (1 - a ) (2 - a) (3 + 2a) 



(3 + 2x)^ 
(l-x)( 2 -x) 


45.9, 


On solving, x = 0.684 mole] 

28. Four moles of hydrogen iodide were taken in a 10 litre flask 
kept at 800 K. When equilibrium was attained, the mixture 
was found to contain 0.42 mole of iodine. Calculate the 
equilibrium constant for dissociation of HI. 

[Ans. .^, = 1.76x10'-] 

29. The equilibrium constant, K^, for the reaction, 

H2(g)+ 12 (g) ^2HI(g) 

is 56.8 at 800 K. When the mixture was analysed, it was found 
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to contain 0.316 mol/L HI at 800 K. What are the 
concentrations of H2 and 12 at equilibrium? (Assume that 
initial concentrations of H2 andl2 were the same.) 

[Ans. [H2] = [I2] = 0.0419 mol L”^] 

30. At same temperature and under a pressure of 4 atm, PCI5 is 
10% dissociation. Calculate the pressure at which PCI5 will be 
20% dissociated, temperature remaining same. (IIT 1996) 
[Ans. 0,96 atm] 

31. The reaction of the formation of phosgene gas from CO and 
CI2 is as follows: 

CO(g) + Cl2(g) ^ COCl2(g) 

In an experiment, starting with equimolecular CO and CH in a 
250 mL flask, the equilibrium mixture on analysis is found to 
contain 0.05 mole CO, 0.O5 mole CI2 and 0.15 mole COCI2. 
Calculate the equilibrium constant of the reaction. 

[Ans. K^ = \5 mor^L ] 

32. At 35°C and 1 atmospheric pressure, N2O4 is 27.2% 
dissociated irito NO2. What is the value of under these 
conditions? 


[Ans. = 0.3195 atm ] 

33. Nitrogen and hydrogen are added to a 5 litre flask under 
pressure. The flask was sealed and heated. The equilibrium 
mixture contained 19.0 g of ammonia, 0.16 g of hydrogen and 
3.4 g of nitrogen. Calculate the equilibrium constant, K^, of 
the reaction: 

NjCg) + 3H2(g) ^ 2NH3(g) 

[Ans. a:, = 5.02 X 10^ mor^L^] 

34. An equilibrium mixture at 300 K contains N2O4 and NO2 at 

0.28 and 1.1 atm pressures respectively. If the volume of the 
container is doubled, calculate the new equilibrium pressure of 
the two gases. (IIT 1991) 

[Hint: N204(g)^2N02(g) 




(PnoJ 


= 4.32 atm 


(PN2O4) 0.28 

When the volume is doubled, the pressure becomes half and the 
system again adjusts to achieve equilibrium. 

N204(g)^2N02(g) 

'0.28 Vl.l „ 


(0.14-x) (0.55+ 2x) 


K„ 


(0.55 + Ixf 
(0.14 -x) 


= 4.32 


X = 0.045 

PN2O4 = (0-14 - 0.045) = 0.095 atm 
PnOj “ (0.55 + 2 X 0.045) = 0.64 atm] 

35. At 21.5°C and a total pressure of 0.0787 atm, N2O4 is 48.3% 
dissociated into NO2. At what total pressure will the per cent 
dissociation be 10.0%? 

[Ans. 2.37 atm] 

[Hint: First calculate the value of and then evaluate the 
pressure by applying, 



36. At 3000 K, chlorine gas dissociates into chlorine atoms in an 
equilibrium reaction for which K = 0.37. What is the 
concentration of chlorine atoms in a vessel that originally 
contained 1.0 mol L“' of molecular chlorine? 

[Ans. [Cl] = 0.54 mol L“' ] 

37. The equilibrium constant for the reaction, 

N2(g) + 02(g) 2NO(g) 

at 1500°C is 120. IfN2 and O2 at an initial pressure of 0.25 atm 
each are maintained at 1500°C till equilibrium is established, 
calculate the partial pressure, of N2, Oj and NO in the 
equilibrium mixture. 

[Ans. Pn, = Po, = 0-04; Pno = 0-42 atm] 

38. Find for the following reaction, 

S02Cl2(g) ^ S02(g) + Cl2(g) 

If sulphuryl chloride decomposes to the extent of 91.2% at 
102°C and total pressure 1 atmosphere. - 

[Ans. Kp = 4.94 atm] 

39. If carbon dioxide is 2% dissociated at 1800°C and 1 
atmospheric pressure, 

2C02(g) ^ 2CO(g) + 02 (g) 

Calcul^e Kp for the reaction. 

[Ans. kp =4.12x10'^ atm] 

40 . At a certain temperature, for the reaction, 

POCl3(g) ^ POCl(g) + Cl2(g) 
is 0.30. If 0.6 mole ofPOCl 3 is placed in a closed vessel of 3.0 
litre capacity at this temperature, what percentage of it will be 
dissociated when equilibrium is established? 

[Ans. 68,5%] 

41 . A reaction carried out by 1 mole of N2 and 3 moles of H2 
shows at equilibrium the mole fraction of NH3 as 0.012 at 
500°C and total pressure 10 atmosphere; calculate Kp. Also 
report the pressure at which mole percentage of NH3 in 
equilibrium mixture increased to 10.4. 

[Ans. Kp = 1.431 X 10'^ atm"^; P = 105.41 atm] 

42 . The degree of dissociation of N2O4 into NO2 at one 
atmosphere and 40°C is 0.310. Calculate its Kp at 40°C. Also 
report degree of dissociation at 10 atmospheric pressure at the 
same temperature, 

[Ans. Kp = 0.425 atm; degree of dissociation = 0.1025 ] 

43 . The vapour density of PCI5 at 200°C and 252°C are 70.2 and 
57.2 respectively at one atmosphere. Calculate its value of 
dissociation constant at these temperatures. 

[Ans. Alp = 0.307,1.19] 

44. Some solid NH4HS is placed in a flask containing 0.5 atm of 
NH3. What would be the pressures of NH3 and H2S when 

• equilibrium is reached? 

, ' NIl4HS(5) ^ NH3(g) + H2S(g); Afp = 0.11 

[Ans. NH3 = 0.83 atm; HjS = 0.33 atm] (MLNR 1994) 

[Hint: NH4 HS(s) NH3(g) + H2S(g) 

At equilibrium x + 0.5 x 

Kp={x+ 0.5)x = 0.1l] 
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45. Sn0j(5) + 2H2(g)?^2H20(,,,,„j + Sn(s) 

For the above reaction find Kp, if at 900 K, the equilibrium 
! mixture contains 45% H 2 by volume. 

[Am. ICp = l,5] 

46. The equilibrium constant for the reaction is 9.40 at 900°C. 


47. 


SjCg) + C(i) ^ CSjCg) 

Calculate the pressure of two gases at equilibrium, when 1.42 
atm of Sj and excess of C(j) come to equilibrium. 

[Ans. = 1,28 atm; - 0.14 atm] 

For the'reaction, 

CaC 03 (s) CaO(s) + CO,!^) 

Kp = 1.16 atm at 800°C. If 20.0 g of CaCd 3 were kept in a 10 
litre container and heated up to 800°C, what percentage of 
CaCOj would remain unreacted at equilibrium? 

[Ans. 34%] 

[Hint: =^^ 0 ^ = 1.16 atm 


PCO 2 X V 


1.16x 10 


Initial amount of CaC 03 = 


0.0821 X 1073 
20.0 


= 0.132 mol 


100 


0.2 mol 


Unreacted CaC 03 = 0.2 - 0.132 
= 0.068 mol 

% unreacted CaCO 3 = X 100 = 34 ] 

0.2 

48 . In the reaction, C(s) + C 02 (g) 2CO(g), the equilibrium 

pressure is 12 atm. If 50% ofC 02 reacts, calculate Kp. 

[Ans. = 16 atm] 

49 . A niixture of 0.373 atm of NO(g) and 0.310 atm of 

Cl 2 (g) is prepared at 500°C. The reaction, 
2NO(g) + Ci 2 (g) 2NOC1, occurs. The total pressure at 

equilibrium is 0.544 atm. Determine Kp of the reaction. 
[Ans. Kp = 50.08 atm'‘] 


50. For the reaction, 

3.4(g)+5(g)^2C(g) 

at a given temperature, K^ is 9.0. What must be the volume of 
a flask if the mixture of 2.0 moles each oi A, B and C is 
obtained at equilibrium? 

[Ans, F = 6 litre j 

51. At 700 K hydrogen and bromine react to form hydrogen 

bromide. The value of equilibrium constant for this reaction is ' 
5x10®. Calculate the amount of H,, Br 2 and HBr at 
equilibrium if a mixture of 0.6 mole of H 2 and 0.2 mole of 
brbmine is heated to 700 K. (IIT 1995) 

I [Hint: H 2 (g) + Br 2 (g) ^ 2HBr(g) 

Initial 0.6 0.2 

Since, equilibrium constant is very high the reaction will be 
complete and bromine is consumed. 

Thus, 0.2 mole of Br 2 and 0.2 mole of H, will be consumed to 
produce 0.4 mole of HBr. This can be Calculated by applying law 
of mass action. 


[HBr]" 

[HallBr,] 


--K or- 


4a'" 


(0.6-x)(0.2-.t) 


= 5x10® 


The value of x cannot be more than 0.2 as Br 2 is a limiting 
reactant. Thus, when reaction is complete, 

H, = (0.6 - 0.2) = 0.4 mol; Br 2 = 0; HBr = 0.4 mol 
At this point some HBr will dissociate. 

. 2HBr(g)^H2(g) + Br2(g) 

At equilibrium (0.4 - 2x) (0.4 + x) (x) 

(0.4 + x) X X _ 1 

(0.4 - 2x) 5 X 10® 

0.4X ,/%—IDy . . 

or “2x10 (since, x is very small) 

or X = 2 X 10-‘“ 


fBr 2 ] = 2xlO~“’mpl; [H2]=0.4mol; [HBr] = 0.4 mol] 

52. One mole of Hj, two moles of 1 2 and three moles of HI are 
injected in a 1 litre flask. What will be the concentration of 
H 2 ,l 2 and HI at equilibrium at 490°C? The equilibrium 
constant for the reaction at 490°C is 45.9. 

[Ans. [H 2 1 = 0316; [I 2 1 = 1.316; [HI] = 4.36 mol ] 


53. Solid ammonium carbamate dissociates to give ammonia and 
carbon dioxide as follows: 

NH2C00NH4(5) 2NH3(g) + C02(g) 

At equilibrium, ammonia is added such that partial pressure of 
NHj now equals to the original total pressure. Calculate the 
ratio of total pressure now to the original total pressure. 

[Ans. ^ 2 ?] 

54. Two solid compounds A and C dissociate into gaseous product 
at temperature T as follows: 

(i) Ais)^Big) + D{g) 

(ii) Cis)^E{g) + D(g) 

At 20°C, pressure over excess solid A is 50 atm ' that over 
excess solid C is 68 atm. Find th? tot-' nressurc ? ea.sf-s 
over the solid mixture. 

[Ans. 84.38 atm] 

55. Variation of equilibriu’ 
given by van’t Hoff eqi; 


log Af = log .4 - 


onstant K with temperature f is 
jn, 


2303 RT 


A graph between log K and T was a straight line as shown 
in the figure and having 6 = tan”' (0.5) and OP = 10. 
Calculate: 

(a) AH° (standard heat of reaction) when T = 298 K, 

(b) A (pre-exponential factor), 



(c) Equilibrium constant K at 298 K, 

(d) K at 798 K, if AH° is independent of temperature. 
[Ans. (a) 9.574 J moF'; (b) A = 10*®; (c) 9.96 x lo’; 
(d) 9.98x10®] 


X =. 0.6 or 0.2 
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[Hint: (a) log it = log ^4 


i.mRT 




It is equation of straight line of the type y= c + mx 

A//° 

Slope ‘ m’ = tan 0 =- 

2.303/? 

0.5 = -.— 

2.303x 8.314 

=9.574 J mor' 

(b) Intercept ‘c’=logA =10 

^= 10 '® 


log^ = 10- 


2.303x8.314x298 


it =9.96 X 10" 


KJ 2303R{T^ Ti 


9.96 xW 2.303 X 8.314 U98 798 


On solving. 


A :2 = 9.98x10®] 


56, When 0.112 mole of NO and 18.22 g of bromine are placed in 
a 1.00 L reaction vessel and sealed, the mixture is heated to 
350 K and the following equilibrium is established: 

2NO(g) + Br^Cg) ^ 2NOBr(g) 

If the equilibrium concentration of nitrosyl bromide is 0.0824 
M, what is 
Uns. 106.74] 

[Hint: 

2NO(g) + Br^Cg) ^ 2NOBr(g); Wer, = = 0.1138 

( = 0 0.112 0.1138 0 


2x = 0.0824 
[NO] = 0.112-2x 

= 0.112 - 0.0824 = 0.0296M 

[Br,] = 0.1138 - = 0.0726 M 

J ^ ^_[0.0 8^]i _^,0^^4 
[NOl^lBrj] [0.0296]-[0.0726] 

57 . Solid ammonium carbamate is put into a closed container and 
allowed to come to equilibrium with the gaseous products at 
35°C, the total pressure is found to be 0.30 atmospheres. What 
is the value of K^, for this reaction at 35°C? 

[Ans. 4 X 10"'] 

58. for the equilibrium of, 

FeO(A-) + CO(g) ;f=^ Fe(j) + C 02 (g) 
at 1000°C is 0.403, if CO(g )i at a pressure of 1.0 atm arid- 
excess of FeO(i)are placed in a container at 1000°C. What are 
the pressures of CO(g) and COjCg) when the equilibrium is 
attained? 

[Ans. Pco =0.713 atm; pcoj = 0-28? atm ] 

59 . A mixture of 1.0 mole of sulphur and 0.2 mole of hydrogen is 
heated at 90°C in a one litre flask. The equilibrium constant 
for the formation of hydrogen sulphide, 

H 2 (g) + S(j) .. HjStg) is 6.8 X 10“'. Calculate the partial 

pressure of H 2 S at equilibrium. 

[Ans. Atjs = 0-397 atm] 

[Hint: First determine the initial pressure of Hj by applying 
Po - -p ■ RT = 5.953 atm] 



Objective OuEsnoNS 


SeM: Questions with single correct answer 

1. A reversible reaction is one which: 

(a) proceeds in one direction 

(b) proceeds in both directions 

(c) proceeds spontaneously 

(d) all the statements are wrong 

2 . An example of reversible reaction is: 

(a) Pb(N 03)2 + 2NaI = Pblj + 2 NaN 03 

(b) AgN 03 + HCl = AgCI HNO 3 

(c) 2Na + 2 H 2 O = 2NaOH + 

(d) KNO 3 + NaCl = KCl + NaNOj 

3 . Which one of the following is not a reversible reaction? 

(a) 2HI(g)=H2(g)+l2(g) . 

(b) PCl 5 (g) = PCljCg) + Cl 2 (g) 

(c) . 2 KC 103 (s) = 2KC1(a) + 302 (g) 

(d) CaCOjCs) = CaO(s) + C 02 (g) 

4. -Which one is not correct for a reversible reaction? 

(a) The reaction is never completed 


(b) The reactants are present in the initial stage but after that 
the reactants and products are always present in the 
reaction mixture 

(c) At equilibrium only products are present 

(d) When the reaction is carried out in closed space, it attains 
equilibrium state after suitable time 

5 . The law of mass action was proposed by: 

(a) Guldberg and Waage (b) Le Chatelier and Braun 

(c) Kossel and Lewis (d) van’t HofF 

6 . The rate at which a substance reacts, depends on its: 

■' (a) active mass (b) molecular mass 

(c) equivalent mass (d) total volume 

7 . Active mass is defined as: 

(a) number of g equivalent per unit volume- 

(b) number of g mol per litre 

(c) amount of substance in gram per unit volume 

(d) number of g mole in 100 litre 

8 . 8.50 g of NH 3 is present in 250 mL volume. Its active mass is; 
(a) l.OML^' (b) O.SML-^'Cc) 1.5ML''(d) 2.0ML“' 
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9. Theory of ‘active mass’ indicates that the rate of a chemical 
reaction is directly proportional to the: 1PFIT (MP) 1990] 

(a) equilibrium constant (b) properties of reactants 
(c) volume of apparatus (d) concentration of reactants 

10. The state of equilibrium refers to: ! PMT { Pl>.) 1993] 

(a) state of rest (b) dynamic state 

(c) stationary state (d) state of inertness 

11. In a reversible chemical reaction equilibrium is said to have 
been established when the: 

(a) concentrations of reactants and products are equal 

(b) opposing reactions cease 

(c) speeds of opposing reactions become equal 

(d) temperatures of opposing reactions are equal 

12. A chemical reaction, A B, is said to be in equilibrium 
when: 

(a) rate of forward reaction is equal to rate of backward 
reaction 

(b) conversion of A to B is only 50% complete 

(c) complete conversion of A to il has taken place- 

(d) only 25% conversion of ,4 to 5 has taken place 

13. The reaction between barium chloride and sodium sulphate goes 
to completion because: 

(a) barium sulphate is almost insoluble 

(b) the solubility of barium chloride decreases 

(c) lattice energy of barium sulphate is very high 

(d) the reaction is irreversible in nature 

14. What is the equilibrium constant expression for the reaction, 

P4(^)+502(f)^P40,oW? 

(.famhi Millia islamia Engg. Ent. 2007; UPSEE 2007) 
[P40,o] ^ _ [P40,o] 


(a) K, 


[P 4 ] [O 2 ]" 


(c) K,=[0^f 

IS. Equilibrium 
HjCg) + 12(g); 
expression: 


(b) K, 


(d) K, 


5 RICO,] 
1 


[O 2 ]" 

constant for the reaction, 
— 2HI(g), is correctly given by the 


' (a) K, = 


(c) 


[H 2 ][l 2 ] 

[HI] 

[HI] 


(b) K,. = 


(d) K, 


[Hlf 

[H 2 ][l 2 ] 

[2HI] 


[H 2 ][l 2 ] [H 2 ][l 2 ] 

16. Equilibrium constant for the reaction, 

2NO(g) + CljCg) 2NOCl(g), is correctly given by the 
expression: 

[NOCl]“ [2NOC1] 


(a) 


(b) 


[ 2 NO][Cl 2 ] 


(c) K 


(d) K 


[NO]^[Cl 2 ] 


[NOfLClj] 

[NO]- + [CI 2 ] 

[NOCl] ■ [NOCl]" 

17. For the system, 3A + 2B , ^ C, the expression for 
equilibrium constant is: (JEE (WB) 2007] 


(a) (b) 

[C] 


[C] [AflBf [C 


'Af{Bf 


rci 


[A]{B] 


Ig. The equilibrium constants of the reactions, 
S02(g) + i 02 (g) ^ S 03 (g) 

■ 2S02{g) + 02 (g) ^ 2 S 03 (g) 


19, 


20 . 


22 , 


are A', and AT 2 
A'l and K 2 is: 
(a) K, =K 2 
(c) kI = K, 


respectively. The relationship between 

(b) Kl=K^ 

(d) 


The equilibrium constant for the given reaction is 100. 

N2(g) + 202(g)^2N02(g) 

What is the equilibrium constant for the reaction given below: 

N02(g)^iN2(g)+02(g) 

(EAMCET 2009) 

(a) 10 
(c) 0.1 

For the reaction, 

K, = 1.8x 10"^ at 185“C. The value of at 185°C for the 
reaction; 


(b) 1 
(d) 0.01 
2 N 02 (g): 


2NO(g) + 02 (g), 


1 


(a) 0.9 X 10' 


NO(g)+- 02 (g) = 

,6 2 


NOjCg) is; (MLNK 1993) 
(b) 1.95x10"^ 

(c) 1.95x10^ . (d) 7.5x10- 

21. The equilibrium constant for the synthesis of HI at 490°C is 
50.0. The value of K for the dissociation of HI will be: 

(IIT 1990) 

(a) 0.02 (b) 50.0 (c) 0.50 

Consider the following equilibrium, 

S02(g)+i02(g)4^S03(g); 


(d) 0;20 


2S03(g)F^2S02(g) +02(g) 

What is the relation between and A,? [PET (MP) 1993] 




(c)K,.K, (<I)K, 


_ 1 _ 


23. -For the reaction AB(g)^^=^ A(g) + B{g), AB is 33%, 
dissociated at ar-tpla] pressure of P, Therefore, P is related to 
A"^;by Otte;bf lie:folloiyingo|)tion:::'; FjAMtJ (Med.) 2010] 
(a)P = A^ ' (b)P = 3A:^ 


(C) P: 

[Hint: 


AK, 


AB{g ). 


1 ^ 


(d) P = 
A{g) + Mg) 

0 0 

1 1 

3 3 


2/3 p 

1/3 p 
Pa=Pb = -X p = — 

Fv£ 

K - 4 4 ^ P 

^P~ p g 

2 

P = 8 A^] 

24. For a system, A +2B C, the equilibrium concentrations 
are [A] = 0.06, [P] = 0.12 and [C ] = 0.216. The for the 
reaction is: 

(a) 125 (b) 415 


(c) 4 X 10^ 


(d) 250 


and 
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25. The equilibrium concentrations of y and yxj are 4, 2 and 2 

respectively for the equilibrium 2x+ y t ^ yxj. The value 
of equilibrium constant, K^. is: (EAMCET 1990)' 

(a) 0,625 (b) 6.25 (c) 0.0625 (d) 62.5 

26. 4 mole of A are mixed 'with 4 mole of B when 2 mole of C are 
fomied at equilibrium, according to the reaction, 

A+B^^C + D 

the equilibrium constant is: ‘ (CPMT 1992) 

(a) -h . (b) 2 (c) 1 (d) 4 

27. If the equilibrium constant of the reaction 2HI(g') 

+ ^2 (g). is 0.25, the equilibrium constant of 
Hjig) + 12 (g) 2HI(g), under similar conditions, will be: 

(a) '4.0 " (b) 3.0 (c) 2.0 (d) 1.0 

28. HI was heated in a sealed tube at 400°C till the equilibrium 
was reached. HI was found to be 22% decomposed. The 
equilibrium constant for dissociation is; 

■ (a) 1.99 (b) 0.0199 (c) 0.0796 (d) 0.282 

29 . For a reversible reaction if the concentrations of the reactants 

are doubled at a definite temperature, then equilibrium 
constantwill: (CPMT 1990; MENR 1992) 

(a) also be doubled (b) be halved 

(c) become one-fourth (d) remain the same 

30 . In a reversible gaseous system, molar concentrations (active 
■ . masses) of reactants and products are proportional to: 

(a) partial pressure 

(b) total pressure 

(c) amounts'of reactants and products 

(d) none of the above 

31 . At 3000 K, the equilibrium partial pressure of CO,, CO and 
O 2 are 0.6, 0.4 and 0.2 atmospheres respectively. K^ for the 
reaction, 

2CO, ig) 2CO(g) + O, (g) is : 

IBHl) (Mains) 20101 

(a) 0.088 (b) 0.0533 (c) 0.133 (d) 0.177 

32 . Equilibrium constant depends on: 

(a) the actual quantities of reactants and products 

(b) the presence of a catalyst 

(c) temperature 

(d) the presence of inert material 

33 . For the reaction, H 2 (g) + 12 (g) 2HI(g), the equilibrium 

constant, Kp, changes with: 

(a) total pressure 

(b) catalyst 

(c) the amounts of H 2 and I 2 taken 

(d) temperature 

34. 2HI(g)^H2(g)+l2(g) 

The equilibrium constant of the above reaction is 6.4 at 300 K. 
If 0.25 mole each of H 2 and are added to the system, the 
equilibrium constant will be; (CET Karnataka 2009) 

(a) 0.8 (b) 3.2 (c) 1.6 (d) 6.4 

35. 3.1 mol of FeCl 3 and 3.2 mol of NH 4 SCN are added to one 
litre of water.' At equilibrium, 3.0 mol of FeSCN^"^ ar§ formed. 
The equilibrium constant of the reaction : 

Fe^^ + SCN^ FeSCN^^ 

will be: |BHL (Screening) 2010] 

(a) 6.66X 10“^ (b) 0.30 

(c) 3.30 (d) 150 


[Hint: 

Fe^* 

+ SGN " I 

% 

3.1 

3.2 

C,. 

0.1 

0.2 

1 

1 



[FeSCN-^ ] 


[Fe^ ][SCN ] 
3 


: 150] 

0.1 X 0.2 

36. Kp and K'^ are the equilibrium constants of the two reactions, 
given below: 


-N2-(g) + -H2(g); 

N2(g)+3H2(g); 


-NHjCg) 

- 2 NH 3 (g) 


Therefore, K ^ and K'^ are related by 
(a) Kp = K'^ (b) Kp 


lAMU (PMT) 2009) 


(c) 


2k; 


(d) K=K' 


37 . In which of the following equilibrium and are not 

equal? fCBSE (PMT) 2010] 

(a) 2N0(g)^N,(g) + 02 (g) 

(b) S02(g) + N02(g)^ SO,(g) + NO(g) 

(c) H 2 (g) + I,(g)^ 2 HI(g) 

(d) 2C{s} + 02 (g) ^ 2 C 02 (g) 

38 . Select the correct statement from the following: 

'(a) equilibrium constant changes with addition of a catalyst 

(b) catalyst increases the rate of forward reaction 

(c) the ratio of mixUjre at equilibrium does not change by 
catalyst 

(d) catalysts are active only in solution 

39 . In which of the following, the reaction proceeds towards 

completion? (MENR 1990) 

(a)/f = l (b)^ = 10 "^ 

(c) a: = 10 (d) A' = 10 ^ 

40 . For the following reaction at 250°C, the value of is 26, then 
the value of at the same temperature will be: 

PCljCg) + Cl 2 (g) PCljCg) (MLNR 1990; CBSE 1993) 
(a) 0.57 (b) 0.61 (c) 0.83 (d) 0.91 

41 . In the reaction, PCl 5 (g) PCl 3 (g) + CUCg), the amounts 

of PCI 5 , PCI 3 and Cl, are 2 mole each at equilibrium and the 
total pressure is 3 atmospheres. The equilibrium constant, A^, 
is: (HT1991) 

(a) 1 atm (b) 2 atm (c) 3 atm (d) 1,5 atm 

42 . ' In which of the following is less than A^? 

. (a) ■ N 204 (g) ^ 2 N 02 (g) 

(b) 2 HI(g)^H 2 (g)+l 2 (g) 

(c) 2 S 02 (g) + 02 (g) ^ 2 S 03 (g) 

(d) PCl 5 (g)^PCl 3 (g) + Cl 2 (g) . 

43 . For a reversible reaction, the rate constants for the forward and 

backward reactions are 2.38x10"'^ ard 8.15x10”^ 

respectively. The equilibrium constant for the reaction is: 

(a) 0.342 (b) 2.92 

■ (c) 0.292 (d) 3,42 

44. The equilibrium constant in a reversible reaction at a given 
temperature: 
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(a) depends on the initial concentration of the reactants 

(b) depends on the concentration of products at equilibrium 

(c) it is not characteristic of the reaction 

(d) does not depend on initial concentrations 

45. 1,0 g mole of ethyl alcohol and 1.0 g mole of acetic acid are 
mixed. At equilibrium 0.666 g mole of the ester is present. The 
value of equilibrium constant is: [PET (MP) 1993] 

(a) I (b) 1 (c) 2 (d) 4 


46. The equilibrium constant of the reaction, 

CHjCOOHC/) + CjHjOHi/) CHjCOOCjHjC/) + HjOil) 
is 4. If one mole of each of acetic acid and ethyl alcohol are 
heated in presence of a little concentrated H 2 SO 4 , at 
equilibrium the amount of ester present is: j PET (MP) 1992] 

(a) 1 mole (b) 2 mole 


(c) 


-mole 

3 


(d) -mole 
2 


47. If different quantities of ethanol and acetic acid are used in the 
following reversible reaction, 

CH3C00H(/) + C 2 H 50 H(/)t=^CH 3 C 00 C 2 H 5 (/) + HjOC/) 
the equilibrium constant will have values which will be? 

(a) Different in all cases 

(b) Same in all cases 

(c) Higher in cases where higher concentration of ethanol is 
used 

(d) Higher in cases where higher concentration of acetic acid 
is used 


48. The reaction, 

2A(g)+B{g)^3C(g) + Dig) 
is begun with concentration of A and B both at initial value of 
IM. When equilibrium is reached, the concentration of D is 
measured and found to be 0.25 M. The value for the 
equilibrium constant for this reaction is given by the 
expression: [CBSE (PMT) 2010] 

(a) [(0.75)'(0.25)]^[(1.00)2(100)] 

(b) [(0.75)3(0.25)] +[(0,50)2(0.75)1 

(c) [(0.75)3(0.25)]+ [(0.50)2(0.25)] 

(d) [(0.75)3(0.25)]+ [(0,75)2(0.25)] 

[Hint: 2A(g) + B(g) ^ 3C(g) + D(g) 

1 1 00 

0.50 0.75 0.75 0.25 

^ [C]\I3] (0.75)3(0.25) 

[Af[B] (0.50)2(0.75)^ 

49. The decomposition of N 2 O 4 to NO 2 is carried at 280 K in 
chloroform. When equilibrium has been established, 0.2 mole 
of N 2 O 4 and 2 x lO'^ mole of NO, are present in 2 litre 
solution. The equilibrium constant for the reaction, 
N 204 (g) ^ mo^ig), is; 

(a) lx 10^2 (b) 2 x 10^3 

(c) lxlO'3 (d)2xl0‘3 


50. The unit of equilibrium constant, K^, for the reaction 
A + B C would be: 

(a) mor' L (b) molL”’ (c) mol L (d) no unit 


51. For which of the following reactions does the equilibrium 
constant depend on the units of concentration? 

(a) N 0 (g)^iN,(g)+i 02 (g) 

(b) C 2 H 50 H(I) + CH 3 C 00 H(/) CH 3 COOC 2 H 5 (/) 

+ H,0(/) 

(c) 2 Hl(g)^H 2 (g) + l,(g) 

(d) COCl 2 (g) ^ CO(g) + Cl 2 (g) 

52. The units of in the following reaction are: 

N2(g)+3H2(g)^2NH3(g) 

(a) atm (b) atm “2 (c) atm 2 (d) atm“' 

53. The equilibrium of formation of phosgene is lepresented as: 

CO(g) + Cl 2 (g) ^ COCl 2 (g) 

The reaction is carried out in a 500 mL flask. At equilibrium 
0.3 mole of phosgene, 0.1 mole of CO and 0.1 mole ofCl 2 are 
present. The equilibrium constant of the reaction is: 

.(a) 30 . (b) 15 (c) .5 (d) 3 .-Y 

54. In an equilibrium reaction, for which AG” = 0, the equilibrium 
constant K should be equal to: 

(a) zero (b) 10 (c) 1 (d) 2 

55. The equilibrium constant for the homogeneous gaseous 
reaction is 10^3 _ standard Gibbs free energy change AG° 
for the reaction at 27°C (using = 2cal mol"') is: 

(a) zero (b) - 1.8 kcal 

(c) - 4.154 kcal (d) + 4.154 kcal 

56. At 500 K, the equilibrium constant for reaction 

m^CjHjClz irans-CjEjCk is 0.6. At the same 

temperature, the equilibrium constant for the reaction 
rraro-CjHjClj m-C 2 H 2 Cl 2 , will be: 

(a) 1.67 ' (b) 0,6 " (c) 1.76 (d) 1.64 

57. Which one of the following oxides is most stable? The 
equilibrium constants are given at the same temperature: 

(a) 2 N, 05 (g) 2 N 2 (g) + 502(g); ^ = 1.2 x 103'* 

(b) 2 N, 0 (g) ^ 2 N 2 (g) + 02 (g); .^ = 3.5x1033 

(c) 2NO(g) ^ NjCg) + 02 (g); K = 2.2 X 103« 

(d) 2N02(g) ^ N 2 (g) + 202 (g); K = 6.71 X lO'^ 

58. In a chemical equilibrium, when: 

[CEE (Bihar) 1992] 

(a) the number of molecules entering into a reaction is more 
than the number of molecules produced 

(b) the number of molecules entering into the reaction is equal 
to the number of molecules produced 

(c) the number of molecules entering into the reaction is less 
to the number of molecules produced 

(d) none of the above 

59. In a general reaction, A + B AB, which value of 

equilibrium constant most favours the production of AB7 
(a)9.0xl0"3 (b)3.5xlO"'3 

{c)4.0xlO"2 (d)4.0xl0“32 

60. During thermal dissociation of a gas, the vapour density: 

(a) remains the same 

(b) increases 

(c) decreases 

(d) increases in some cases and decreases in others 
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61. The vapour density of folly dissociated NH 4 CI would be: 

(a) less than half of the vapour density of pure NH 4 CI 

(b) double of the vapour density of pure NH 4 CI 

(c) half of the vapour density of pure NH 4 C! 

(d) one-third of the vapour density of pure NH 4 CI 

62. In the dissociation of 2HI v ^ H, +1,, the degree of 
dissociation will be affected by: 

(a) increase of temperature (b) addition of an inert gas 
(c) addition of H, and I, (d) increase of pressure 

63. In lime kilns, the following reversible reaction, 

CaC 03 ( 5 ) CaO(5) + COjCg) 
proceeds to completion because of: (CPMT 1990) 

(a) high temperature 

(b) COj escapes 

(c) low temperature 

(d) molecular mass of CaO is less than that of CaCO^ 

64. The equilibrium constant for the reaction. 


CaC 03 ( 5 ) CaOis) -r C02(g), is: 


(a) 


_1_ 

[CO,j 


(c) = 


[CaO] [CO,] 
[CaCO,] 


(b) =[ 00 ,] 

(d) 

[CaOUCOj] 


65 . 


66 . 


67. 


68 . 


For the reaction, C{s) + C 02 (g) 2C0(g), the partial 

pressure of CO, and CO are 2.0 and 4.0 atm, .respectively, at 
equilibrium. The of the reaction is: (IIT 1992) 

(a) 0.5 (b) 4.0 

(c) 32.0 (d) 8.0 

Iron fillings and water were placed in a 5 litre vessel and 
sealed. The tank was heated to 1000°C. Upon analysis the tank 
was found to contain 1.1 g of hydrogen and 42.5 g of water 
vapour. If the reaction in the tank is represented by, 

3Fe(i) + dHjOfg) Fe 304 (s) + 4 H 2 (g) 
the value of equilibrium constant, K^, is: 


(a) 30 (b) 0.03 

(c) 3 (d) 0.003 

Ammonium hydrogen sulphide is contained in a closed 
vessel at 313 K when total pressure at equilibrium is found 
to be 0.8 atm. The value of for the reaction, 
NH 4 HS(s) NHjCg) + H,S(g) is: 

(a) 0.16 (b) 1.6 (c) 0.016 (d) 16 

Variation of K with temperature as given by van’t Hoff 
equation can be written as: 


(a) log^ 

(b) log ^ 
(C) log 


AH 

2.303/? 




_ 1 _ 


AH 


2.303i? 




AH 

2.303/? 


Jf 

Ti 




(d) none of the above 

69. Whqp any system in equilibrium is subjected to a change in 
pres»re, concentration or temperature, the equilibrium is 
shifted in the direction which tends to undo the effect of the 
change. This statement is known as: 


(a) First law of thermodynamics 

(b) Le Chatelier’s principle 

(c) Hess’s law 

(d) Ostwald’s law 

70 . Le Chatelier’s principle is applicable to: 

(a) only homogeneous chemical reversible reactions 

(b) only heterogeneous chemical reversible reactions 

(c) only physical equilibria 

(d) all systems, chemical or physical, in equilibrium 

71 . In the melting of ice, which one of the conditions will be more 
favourable? 

(a) High temperature and high pressure 

(b) Low temperature and low pressure 

(c) Low temperature and high pressure 

(d) High teinperahire and low pressure 

72 . Solubility of a gas in liquid increases on: 

(a) addition of a catalyst (b) decreasing of pressure 

(c) increasing of pressure (d) increasing of temperature^ ^ 

73 . When KOH is dissolved in w'ater, heat is evolved. If the 
temperature is raised, the solubility of KOH: 

(a) increases (b) decreases 

(c) remains the same (d) cannot be predicted 

74 . The yield of product in the reaction, 

A^ig)+2Big)^C(g)+QkJ 
would be higher at: 

(a) low temperature and high pressure 

(b) high temperature and high pressure 

(c) low temperature and low pressure 

(d) high temperature and low pressure 

75 . Manufacture of ammonia from the elements is represented by, 

• Njlg) + 3 H 2 (g) ^ 2 NH 3 (g) + 22.4 kcal 
The maximum yield of ammonia will be obtained when the 
process is made to take place: 

(a) at low pressure and high temperature 

(b) at low pressure and low temperature 

(c) at high pressure and high temperature 

(d) at high pressure and low; temperature 

76 . In the reaction, 2 S 02 (g) + 02 (g) 2 S 03 (g) + X cal, 

most favourable conditions of temperature and pressure for 
greater yield of SO 3 are: 

(a) low temperature and low pressure 

(b) high temperature and low pressure 

(c) high temperature and high pressure 

(d) low temperature and high pressure 

77 . What is the direction of a reversible reaction when one of the 
products of the reaction is removed? 

(a) . The reaction moves towards right hand side 

(b) The reaction moves towards left hand side 

(c) The reaction moves equally on both the sides 

(d) The reaction stops 

78 .. In the reaction, N,(g) + 3 H 2 (g) . .. 2 NH 3 (g), AH = - 93.6 

kJ, the yield of ammonia does not increase when: 

(a) pressure is increased 

(b) pressure is decreased 

(c) temperature is lowered 

. (d) volume of the reaction vessel is decreased 
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79. A cylinder provided with a piston has some PCI 5 which is in 
equilibrium with PCI 3 and CI 2 . The system is compressed with 
the help of piston. Indicate the correct statement: 

(a) some more PCI 5 will decompose 

(b) the system remains unaffected 

(c) PCI 3 and CI 2 will combine to form PCI 5 

(d) explosion occurs 

80. In the manufacture of nitric oxide, the forward reaction is 
favoured by: 

(a) high pressure (b) low pressure 

(c) high temperature (d) low temperature 

81. The reaction, 

C 2 H 4 (g) + H 2 (g) ^ C 2 H 6 (g); A// = - 32.7 kcal 
is carried out in a vessel. The equilibrium concentration of 
C 2 H 4 can be increased by: 

(a) increasing the temperature 

(b) decreasing the pressure 

(c) removing some hydrogen,- -.r 

(d) all of these 

82. In an exothermic reaction, a 10°C rise in temperature will: 

[PMT (Bangalore) 1993| 

(a) decrease the value of equilibrium constant 

(b) double the value of equilibrium constant 

(c) not produce any change in equilibrium constant 

(d) produce some increase in equilibrium constant 

83. If Kp for a reaction, 

A{g)+2B{g)^^C{g) + Dig) 
is 0.05 atm at 1000 K, its in terms of R will be: 

5 X 10 ^ 

(a) 20000 R (b) 0.02 R (c) 5 x 10'^ R (d) 

R 

84. Consider the reaction, CaC 03 (s') CaO)^) + C02(g) 

in closed container at equilibrium. What would be the effect of 
■ addition of CaC 03 on the equilibrium concentration of CO 2 ? 

(AriMS 1991) 

(a) Increases 

(b) Decreases 

(c) Remains unaffected 

(d) Data is not sufficient to predict it 

85. XY 2 dissociates as: 

■ 3r72(g)^ AT(g)+T(g) 

Initial pressure of XY 2 is 600 mm Hg. The total pressure at 
equilibrium is 800 mm Hg. Assuming volume of system to 
remain constant, the value of K^ is: (BHU 1992) 

(a) 5.0 (b) 100 (c) 200 (d) 400 

[Hint: XY 2 {g)^XYig)+Y{g) 

600 - ,v .V .Y 

600 + X = 800 or .v = 200 ] 

86. Which of the following reactions will be favoured at low 
pressure? 

(a) H 2 (g)+ 12 (g) ^2HI(g) 

(b) N2(g)+3H2(g)^2NH3(g) 

(c) PCljCg) ^ PCl 3 (g) + Cl 2 (g) 

(d) N 2 (g) + 02 (g) ^ 2NO(g) 

87. According to Le Chatelier’s principle, adding heat to a solid 

and liquid in equilibrium will cause the: (MLNR 1990) 


(a) amount of solid to decrease 

(b) amount of liquid to decrease 

(c) temperature to rise 

(d) temperature to fall 

88. For the reaction: 


2^(g) + 5(g)^3C(g) + D(g) 
two moles each of A and B were taken into a flask. The 
following must always be true when the system attained 
equilibrium: 

(a)[x(] = [S] (b)[^]<[5] 

(c)[5] = [C] (d)[^]>[5] 

89. In a vessel containing SO 3 , SOj and O 2 at equilibrium, some 
helium gas is introduced so that total pressure increases while 
temperature and volume remain the same. According to 
Le Chatelier’s principle, the dissociation of SO 3 : 

(MLNR 1991) 


(a) increases (b) decreases 

(c) remains unaltered - (d) changes unpredietably - -— 

90. The equilibrium, S 02 Cl 2 (g) S 02 (g) + Cl 2 (g) is 

attained at 25°C in a closed container and an inert gas, helium, 
is introduced. Which of the following statements is comect? 

(a) Concentrations of SO 2 CI 2 , SO, and CI 2 do not change 

(b) More CI 2 is formed 

(c) Concentration of SO 2 is reduced 

(d) More SO 2 CI 2 is fonued 

^1. The vapour density of undecomposed N 2 O 4 is 46. When 
heated, vapour density decreases to 24.5 due to its dissociation 
to NO 2 . The % dissociation of N 2 O 4 is: 

■(a) 40’ (b) 57 

(c) 67 (d) 87 

92. for the reaction, CO(g) +-^ 02 (g) C 02 (g) is: 

(a) RT (b) —^ (c) ^/rT (d) 1 

93. For the reactions. 


A B , K. 


B^^C,K, =3; C 


K^. for the reaction A ^ 
.(a) 15 (b) 5 

[B] 

[A] 


[Hint: 


l; [^^ = 3 
[5] 


^ Dis: 

(c) 3 

[£]-. 
[C] 


[D] 


Multiplying all the three, = 1x3x5] 


^^D,K, = 5 
(d) 1 


94. The equilibrium constant of the reaction, 

H 2 (g) + 12 (g) V 2HI(g) is 50. If the volume of the 
container is reduced to one half of its original value, the 
equilibrium constant will be: 

(a) 25 (b) 50 

(c) 75 (d) 100 

95. C(5) + H20(g) ^ CO(g) + H 2 (g) 

The above equilibrium when subjected to pressure: 

|PMT (Raj.) 1992] 

(a) remains unaffected 

(b) proceeds in the backward direction 

(c) proceeds in the forward direction 

(d) none of the above 
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96. Reaction, A + B -» C + D + 38 kcal has activation energy 

20 kcal. Activation energy for the reaction, 

C + D ->/^+Sis: [PMT (Pb.) 1993) 

(a) 20 kcal (b) -20 kcal 

(c) 18 kcal (d) 58 kcal 

97. The equilibrium constant for the reaction, 

CaS 04 -SHjOC^) CaS 04 •3H20(5) + 2H20(g), 
is equal to: 

[CaS04-3H20][H20f [CaS04-3H20] 

^ [CaS04-5H20] [CaS04-5H20] 

(C) [n^Of (d) [H 2 O] 

98. One mole of N 204 (g) at 300 K is kept in a closed container 

under one atmosphere. It is heated to 600 K when 20% by 
mass of N 204 (g) decomposes to N 02 (g). The resultant 
pressure is: 

(a) 1.2 atm (b) 2.4 atm (c) 2.0 atm (d) 1.0 atm 

99. The equilibrium constant for the reaction, 

N 2 (g) + OjCg) ;f=^ 2NO(g) is 4.0 X lO-"* at 2000 K. In the 
presence of a catalyst the equilibrium is attained ten times 
faster. Therefore, the equilibrium constant in presence of the 
catalyst at 2000 K is: (MLNR 1994) 

(a) 4x10"'* 

(b) 40x10"'* 

(c) 4x 10 "^ 

(d) difficult to compute without more data 

100. The equilibrium constant for a reaction, A + B v ^ C + D is 
1X 10"^ at 298 K and is 2 at 273 K. The chemical process 
resulting in the formation of C and D is: 

(a) exothennic 

(b) endothermic 

(c) unpredictable 

(d) there is no relationship between A// and K 

101. The equilibrium constant for the reaction, A + B v — C + D 
is 2.85 at room temperature and 1.4 x 10"^ at 698 K. This 
shows that forward reaction is: 

(a) exothermic 

(b) endothennic 

(c) unpredictable 

(d) there is no relationship between Af/ and K 

102. If Ef and A,, are the activation energies of fonvard and 
backward reactions and the reaction is known to be 
exothermic, then: 

(a) E f > E,. 

(b) Ef < E,. 

(c) Ej = £, 

(d) no relation can be given between and E^ 

103. Kp for a reaction at 25°C is 10 atm. The activation energy for 
forward and reverse reactions are 12 and 20 kJ/mol 
respectively. The for the reaction at 40°C will be: 

(a) 4.33 X 10"' M (b) 3.33 x 10"^ M 

(c) 3.33 X 10"' M (d) 4.33 x 10"^ M 

104. Concentration of pure solid and liquid is not included in the 
expression of equilibrium constant because: 

(a) solid and liquid concentrations are independent of their 
quantities 


(b) solid and liquids react slowly 

(c) solid and liquids at equilibrium do not interact with 
gaseous phase 

(d) the molecules of solids and liquids cannot migrate to the 
gaseous phase 

105 . For an equilibrium reaction involving gases, the forward 
reaction is first order while the reverse reaction is second 
order. The units of Kp for forward equilibrium is: 

(a) atm (b) atm^ (c) atm"' (d) atm"^ 

106 . At temperature T, a compound .45, (S') dissociates according 
to the reaction: 

2AB^{g)^2AB{g) + B^{g) 
with a degree of dissociation ‘x’ which is small as compared to 
unity. The expression for Kp, in terms of ‘x’ and total pressure 
‘P’ is 


Px" 

(b) 

Px^ 



2 

3 

Px^ 

(d) 

Px^ 

. 3 

2 


107. 40% mixture of 0.2 mole of N, and 0.6 mole of H 2 react to 
give NHj according to the equation: 

N2(g) + 3H2(g) ^ 2NH3(g) „ 

at constant temperamre and pressure. Then the ratio of the 
final volume to the initial volume of gases is: 

(a) 4 : 5 (b) 5 : 4 

(c) 7: 10 (d) 8:5 ■ 

108. Two systems, 

PCl 5 (g) ^ PCl 3 (g) + Cl 2 (g) 
and COCl 2 (g) ^ CO(g) + Cl 2 (g) 
are simultaneously in equilibrium in a vessel at constant 
volume. If some CO(g) is introduced in the vessel at constant 
volume, then at new equilibrium, the concentration of: 

(a) PCI 5 is greater (b) PCI 3 remains unchanged 

(c) PCI 5 is less (d) CI 2 is greater 

109. For the reaction, [Ag(CN), ]" v ’ Ag"^ + 2CN", the 
equilibrium constant K^. at 25"°C is 4 x 10“'®; then Ag''" 
concentration in a solution which has 0.1 M KCN and 0.03 M 
AgNOj is: 

(a) 7.5x10'" (b) 7.5x10“'" 

(c) 7.5x10'® (d) 7.5x10“'® 

110. When NaN 03 is heated in a closed vessel, oxygen is liberated 
and NaN 02 is left behind. At equilibrium: 

(a) addition of NaN 02 favours reverse reaction 

(b) addition of NaNOj favours forward reaction 

(c) increasing temperature favours forward reaction 

(d) decreasing pressure favours reverse reaction 

111. For the reaction, 

CUSO 4 •5H20(5) CUSO 4 + 2 H 20 (g) 

which one is the correct representation? 

(a) (b)/f,=[H 20 f 

(c) Kp = K^iRTf (d) All of these 

112. Which one is the correct representation for, 

2 S 02 (g)+ 02 (g) ^ 2 S 03 (g)? 
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(a) = 


(b) = 


(c) = 


[ PsOol't Po.J 

[S03]^ 

[S02f[02] 



p 

Total mole 


(d) All of the above 

113. For the reaction, 

PCljte) ^ PCl3(g) + Cl^te) (IIT1991) 
The forward reaction at constant temperature is favoured by: 

(a) introducing inert gas at constant voluine 

(b) introducing chlorine gas at constant volume 

(c) introducing an inert gas at constant pressure 

(d) none of the above 

114. In a flask colourless N 2 O 4 is in equilibrium with brown 

coloured NO 2 . At equilibrium, when the flask is heated to 
100°C the brown colour deepens and on cooling, the brown 
colour became less coloured. The change in enthalpy A// for 
the system is: (KCET 1993) 

(a) negative (b) positive (c) zero (d) not defined 

115. Le Chatelier’s principle is not applicable to: 

(a) Fe(i) + 8(5) V FeS(5) 

(b) H 2 (g)+ 12 (g) ^ 2 HI(g) 

(c) N 2 (g) + 3H2(g) ^ 2 NH 3 (g) 

(d) N 2 (g) + 02 (g) ^ 2NO(g) 

116. Densities of diamond and graphite are 3.5 and 2.3 g/mL 

respectively. Increase in pressure on the equilibrium 
C ' ' c 

^diamond ^graphite' 

(a) favours backward reaction 

(b) favours forward reaction 

■ (c) has no effect 

(d) increases the reaction rate 

117. For the reaction, N 2 + 3 H 2 v ^ 2 NH 3 in a vessel, after the 
addition of equal number of moles of N 2 and 112 equilibrium 
state is achieved. Which of the following is correct? 

(a)[H 2 ] = [N 2 ] (b)[H 2 ]<[N 2 ] 

(c) [H 2 j>[N 2 ] (d) [H 2 ]>[NH 3 ] 

118. If pressure is applied to the equilibrium of solid v liquid, 
the melting point of the solid: 

(a) will not change 

(b) may increase or decrease depending upon its nature 

(c) will always increase 

(d) will always decrease 

119. If concentrations of Nj, H, and NH 3 are 1 , 2 and 3 
respectively, their concentration at equilibrium will be: 



Nj -t 3 H 2 2 NH 3 


(a) 

(1-A-) (2-3x) 

2x 

(b) 

(1-W3) (2-x) 

2x12 

(c) 

1 

K) 

1 

(3-t-x) 

(d) 

(l-x) (2-3x) 

(3 -t- 2x) 


120 . A reaction attains equilibrium, when the free energy change is: 
(a) zero (b) positive and large 

(c) negative and small (d) negative and large 


121 . If 340 g of a mixture of Nj and H 2 in the correct ratio gave a 
20% yield of NH 3 , the mass produced would be: 

(a>v.l 6 g (b) 17 g (c) 20 g (d) 68 g 

122 . If the pressure of N 2 / H 2 mixture in a closed apparatus is 100 
atm and 20 % of the mixture then reacts, the pressure at the 
same temperature would be: 

(a) 100 (b) 90 (c) 85 (d) 80 

123 . The equilibrium constants for the reaction, Br 2 v ^ 2Br, at 
500 K and 700 K are 1 x 10“'° and 1 x 10“^ respectively. The 
reaction is: 


(a) endothermic (b) exothermic 

(c) fast (d) slow 

124 . If the concentration of OH “ ions in the reaction:. 

Fe(OH)3(5)^^ Fe^'"(a^.)+ 30H“(a^.) 
is decreased by times, then equilibrium concentration of 
Fe^"^ will increase by: |CBSE.(PIVIT) 2008] 

(a) 64 times (b) 4 times (c) 8 times (d) 16 times 

125 . for A + B C + D is 10 at 25°C. If a container 

contains 1, 2, 3 and 4 mol per litre of A,B,C and D 
respectively at 25°C, the reaction shall: 

(a) proceed from left to right (b) proceed from right to left 
(c) be at equilibrium (d) none of these 

126 . In the preparation of CaO from CaC 03 using the equilibrium, 

CaC 03 ( 5 ) CaO( 5 ) + C 02 (g) 

Kp is expressed as: 


log Kp = 7.2S2- 


8500 

T 


For complete decomposition of CaCOj the temperature in 
Celsius to be used is: 


(a) 1167 (b) 894 

(c) 8500 (d) 850 ■ 

127 . To the system, , 

LaCl 3 ( 5 ) + H 20 (g) LaC 10 ( 5 ) + 2HCl(g) - heat 

already at equilibrium, more water vapour is added without 
altering T or F of the system. When equilibrium is 
re-established, the pressure of water vapour is doubled. The 
pressure of HCl present in the system increases by a factor of: 
(a) 2 . (b) 2"^ (c) 3 (d) 4 

128 . For the chemical reaction, 

• 3W(g)+7(g)^2r37(g) 

the amount of X^Y at equilibrium is affected by: (IIT 1999) 

(a) temperature and pressure 

(b) temperature only 

(c) pressure only 

(d) temperature, pressure and catalyst 

129 . In a 500 mL capacity vessel CO and Cl, are mixed to form 

COCI 2 . At equilibrium, it contains 0.2 mole of COCI 2 and 
0.1 mole of each of CO and CI 2 . The equilibrium constant 
for reaction, CO - 1 - CI 2 COCI 2 is: (CBSE 1998 ) 

(a) 5 (b) 10 (c) 15 (d) 20 

130 . The partial pressures of CH 3 OH, CO and Hj in the equilibrium 
mixture for the reaction, 

CO -t 2 H 2 CH 3 OH 

at 427°C are 2.0, 1.0 and 0.1 atm respectively. The value of 
for the decomposition of CH 3 OH into CO and H 2 is: 


(IIT 1999) 
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131. 


132. 


(a) lx 10 “ atm (b) 2 x 10 “ atm“* 

(c) 50 atm^ (d) 5x10"^ atm^ 

8 mole of a gas AB^ are introduced into a 1.0 dm^ vessel. It 
dissociates as: 

lAB^ig)^ A,(g)+W,{g) 

At equilibrium, 2 mole of Aj are found to be present. The 
equilibrium constant of the reaction is: (IIT 1997) 

(a) 2 moP (b) 3 mol" 

(c) 27 mol^ L“- (d) 36 mol^ L“- 

At constant temperature, the equilibrium constant {K^ )for the 
decomposition reaction, 


is expressed by: 


N,04 




-2NO, 


Ax-P 


( 1 -xO 

Where, P = pressure, x = extent of decomposition. Which one 
of the following statements is true? [IIT (Screening) 2000} 

(a) K p increases with increase of P 

(b) Kp increases with increase of x 

(c) Kp increases with decrease of x 

(d) K p remains constant with change in P and x 
133. Co- ^der the reactions, 

N02(g)^^N,(g) + 02 (g) 


NjO^Cg); 


2 

2 N 02 (g) 


K, 


Give the equilibrium constant for the formation of N 2 O 4 from 


N, andO,: 


(DCE 2006) 


(a) 


1 1 
- 

K} K, 


(b) 


1 


1 


2K, K, 


(c) 




(d)^ 

K, 


pint: NO,(g)^ 

N 2 (g)+ 202 (g) ^ 

N204'(g)^ 

2 N 02 (g)^ 
Adding eqs. (i) and (ii), 


N 2 (g)+02(g) if, 


2 

" 2 N 02 (g) 
™ 2 N 02 (g) 

-N204(g) 


K ■■ 


K, 


_1_ 


N2(g)+ 202 (g) ^N204(g) 


K= — 

K, 


K =—rX- 


(i) 


„ (ii) 


Kf K, 


134. Phosphorous pentachloride dissociates as follows: 

PCl5(g)^PCl3(g) + Cl2(g). 

If total pressure at equilibrium is P and the degree of 
dissociation of PCI 5 is x, the partial pressure of PCI 3 will be: 

(A1EEE2006) 


(a) 


x+ 1 . 


IF (b) 


2 x 


p (C) 


1 


p (d) 


1 - X 


135. At / = 0 a vessel (volume 1 litre) contains 1 mole N,, 3 mole 

2NH, 


H 2 and 2 mole NHj. The value ofK^ for N 2 + 3 H 2 : 
is 17.5 1 } moP^. Then; 

(a; luial gaseous weight at equilibrium is more than 68 g 
(b) total i.-miber of moles (gaseous) at equilibrium are more 
than 6 moles 


. . is +ve for t e (0, T ) where, M is average molar 
dt 

mass of the reaction mixture 

(d) total gaseous weight at equilibrium is less than 68 g 
136. A vessel (volume = 2 L) contains 60 g of water gas. When 
steam is passed through the vessel, the reaction, 
CO + H 2 O ' V. CO 2 + occurs and equilibrium is attained: 

(a) < 1 (at equilibrium) 

n(CO) 


(b) /j(H 2 ) + «(CO) = 4 (at any instant) 

> 0 (where, M is average molar mass of gas mixture 
before the attainment of equilibrium) 


(d);§^<o 

dt 


137. A vessel contains CO 2 and CO with pressures 2 atm and 3 atm 
respectively at 27°C. At a temperature of 2727°C, the reaction 
2CO(g) C02(g) + 0 ( 5 ) occurs and equilibrium -is- 
attained. If the equilibrium pressure is 45 atm, then: 

(a) = 2/9 atm" ‘ 

(b) Pco • Pco-y = 4 : 5 at equilibrium . 

(c) Kp = 16atm“* 

(d) %, dissociation of CO = 0.333 

13.8. A vessel (volume 8.2 L) contains H 2 (g) at 2 atm pressure. 
When H 2 S(g) at a pressure of 4 atm is introduced into the 
vessel, the reaction, 8 H 2 S(g) 8 H 2 (g) + Sg («) occurs at a 

temperature of 2000 K. It is found that: 


' «(H2)" 


’hCHjS)' 

_h(H2S)_ 

ai equilibrium 

_ «(H2) _ 


(a) maximum weight of solid formed is 32 g 

(b) maximum weight of solid fonned is 0.32 g 

■ (c) Kp ^K^RT 

(d) = 256 

139. N 2 (g) and H 2 (g) are taken in a vessel in mass ratio of 7 : 1. 

The only reaction N 2 - + 2 H 2 N 2 H 4 (g) occurs. Pressure 

due to N 2 H 4 at equilibrium is 0.2 times of total pressure ‘F ’. 
Then at equilibrium; 

(a) partial pressure of N, = 2F/15 

(b) partial pressure of H, = 8F/25 

(c) 2 Fn,=Fh2 
■ (d) Fn 2 = 

140. Tn the equilibrium, SO 2 CI 2 SO 2 + CI 2 at 2000K and 10 
atm pressure, % Cl^ = % SO, = 40 by volume. Then: 

(a) Kp = 2 atm 

_ «(S 02 C 1 ,) 1 .,,, . 

(b) - - —^ = — at equilibrium 

nlSO,) 4 


(c) Kp = 8 atm 

(d) H(SOCl 2 ) = «(SO,) = n(Cl 2 ) 

141. A 20 litre box contains O 3 and O, at equilibrium at 202 K. 

Kp = 2x 10*'* for 2 O 3 .^ 3 O 2 . Assume that pg, Foj 

and total pressure is 8 atm; the partial pressure of Oj’is: 

(a) exactly 1.6 X 10"^ atm 

(b) sufficiently less than 1.6 x 10 "® atm 
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(c) slightly more than 1.6 x 10 “^ atm 

(d) very slightly less than 1.6 x 10 “* atm 

142. For. the reactions, A ^ ^ 


D, 

equilibrium constants areiTj, respectively. What is 

the value of equilibrium constant for A D ? 

(a). K^+K 2 + (b) X K 2 X 

(c) K^K2i3 (d) None of these 
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(a) CuS 04 - 5 H 20 

(b) NaCl 


C and C ^ 


143. ^O; 


A 2 + 


BOi 


CO; 


DO; 


-15, 
2 

\ 

2 

2 

2 


2 

2 

2 

v 2 ; 


C 2 + 


Dj "I" 


02;A: = 5x 10^ 


O 2 ; K = l.lOxiO'^ 


O,; K=23x 10*® 


02;K = 1.4 X 10^ 


144. 


Which oxide is most stable? ... 

(a) .40 ’ (b) 50 (c) CO (d) DO 

Which graph will show equilibrium condition? 


(a) 


(c) 




Time • 


(d) None of these 


Time 


145. For the reaction, Nj + O 2 , 2NO equilibrium constant 
=2. Degrees of dissociation of N, and Oj are: 


(a) 


1 


1 


1 +V 2 ’l-V 2 

1 


(c) both are 


1 + -Ji 


(b) 

(d) 


1 


1 


1-V 2 ’ 1 +V 2 
2 2 
i + x /2 1 — 


146. A 


2B,K - C-- 


■ D + E , K r. If degrees of 


: 2Kp., then the 


147. 


148 . 


dissociation of A and C are same and K, 
ratio, of total pressure pip' = 1 
(a) 1/2 (b) 1/3 (c) 1/4 (d) 2 

Equilibrium constants for four different reactions are given as: 

= 10^ K 2 = 10"^, K 2 = 10, = 1. Which reaction will 

take maximum time to attain equilibrium? 

(a) = 10 * (b) K 2 = lO”'* 

(c)ii:3 = io (d)A:4 = i 

Solubility of a solute in water is dependent on temperature as 

given by, 

S = .fg-^'^^where, Mi = heat of solution 
Solute + H 20 (/ ) Solution; AH = + x 
For a given solution, variation of log S with temperature is 
shown graphically. Hence, solute is: 


(c) sucrose 

(d) CaO 



149. CH 


O 


. CH 3 (g) ^ CH 3 ^ CH 3 (g) + CO(g) 


3 — - '-**3 — '-"31 

Initial pressure of CH 3 COGH 3 is 100 mm. When equilibrium 
is achieved, the mole fraction of CO(g) is 1/3 hence, is: 

(a) 100 mm (b) 50 mm (c) 25 mm, (d) 150 mm 

150. In which of the following equilibrium, change in the volume 
of the system does not alter the number of moles? 

(AIEEE 2002) 

■ (a) N 2 (g) + 02 (g) ^ 2NO(g) 

(b) PCl5(g)^PCl3(g) + Gl 2 (g) - 

(c) N 2 (g) + 3 H 2 (g)^ 2 NH 3 {g) 

(d) S02Cl2(g) ^ S02(g) + CljCg) 

151. What are the most favourable conditions for the reaction; 


;^S 03 (g).; .AH==-ve 


S02(g) + i 02 (g); 

to occur? [DPMT 2002; JEE (Orissa) -jj 

(a) low temp, and high press, (b) low temp, and low press. 

„ (c) high temp, and low press, (d) high temp, and high press. 

152. Consider the following reactions in which all the reactants and 
products are in gaseous state 


2PQ^ 

1 


™ ^2 + 02 ; -^1 
- PQR ; K 2 


PQ + -R2’ 

2 

The value of for the equilibrium : 

11 1 
-52 + -0,+-5, 

2 2 2 


2.5x10^ 

:5xl0-^ 


(a) 2.5 X 10"^^ 
(c) lOxlO'* 
(e) 5x10“^ 

[Hint; 


—P+—Q^ 

— PQ 

K = 

2 2 


PQ + hi^ 

-PQR 

K 2 

-P2 + -Q + -R2^ 
2 ^ 2 ^ 2 ' 

— PQR 



PQR is : 

[PET (Kerala) 2010| 
(b) 25x10^ 

(d) 5x10" 


I 


K'‘ 


Kr 


-xK 


5x10' 


(2.5x10**)'*- 


= lx' 10 ”"] 

153 . Consider the following equilibrium in a closed container, 
N204(g) 2N02(g) 

At a fixed temperature, the volume of the reaction container is 
halved. For this change, which of the following statements 
holds true regarding the equilibrium constant {K ^) and degree 
of dissociation (a)? (I IT 2002) 

(a) neither nor ‘a ’ changes 

(b) both Kj, and ‘a ’ change 
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'' (c) Kp changes but ‘a’ does not 
(d) Kp does not change but ‘a’ changes 

154. For the reaction, PCl 3 (g) + ChCg) .^ PCl 5 (g), the position 

of equilibrium can be shifted to the right by: 

|PET (MP) 20041 

(a) doubling the volume 

(b) increasing the temperature 

(c) addition of equimolar quantities of PCI3 and PCI5 

(d) addition of CI 2 at constant volume 

155. The most favourable condition for the manufacture of NH 3 is: 

[CECE (Bihar) 2004] 

(a) high temperature and high pressure 

(b) low temperature and low pressure 

(c) high temperature and low pressure 

(d) low temperature and high pressure 

156. The chemical equilibrium of a reversible reaction is not 

influenced by: (KCET2004) 

(a) catalyst - ^- (b) pressure . 

(c) temperature (d) concentration 

157. Which of the following change will shift the reaction in 
forward direction? 

12 (g) 21(g); A//° = +150 kJ (AHMS 2004) 

(a) Increase in total pressure 

(b) Increase in temperature 

(c) Increase in concentration of 7 

(d) Decrease in concentration of 1 2 

158. For the reaction, CO(g) + Cl 2 (g) COCl 2 (g), the —- is 


equal to; (AIEEE 2004) 

(a) MRT (b) RT (c) (d) 1 

159. The equilibrium constant for the reaction, 

mg) + mg) ^ 2NO(g) 
at temperature T is 4 x 10“'*. 

The value of K^, for the reaction, 

N0(g)^iN2(g) + i02(g) 

at the same temperature is: (AIEEE 2004) 

(a) 2.5 X 10^ (b) 50 (c) 4 x 10“'* (d) 0.02 

160. 2 moles of N, are mixed with 6 moles of H 2 in a closed vessel 
of one litre capacity. If 50% N 2 is converted into NHj at 
equilibrium, the value of K^. for the reaction, 

N2(g)+3H2(g)^2NH3(g) 

IPMT (Kerala) 2004] 

■ • (a) 4/27 , (b) 11 lA 

(c) 1/27 (d) 27 

(e)9 

161. For the reaction, H 2 (g) + C 02 (g) CO(g) + HjOfg), if 
the initial concentration of [H,] = [CO,] and xmol/litre of Hj 
is consumed at equilibrium, the correct expression of is; 

[JEE (Orissa) 2005] 

9 /I s'? 2 ' 0 


(1-x)- 


( 1 -X)“ 


(2+x)- 


162. Partial pressure of Oj in the reaction, 

2Ag20(s) 4Ag(s) + 02 (g) 


ih) Jk^ 




(DCE 2005) 


163. Two moles of PCI 5 are heated in a closed vessel of 2 litre 
capacity. When the equilibrium is attained 40% of it has been 
found to be dissociated. What is the value of in mol/dm^? 

[PET (Kerala) 2005] 

(a) 0.532 (b) 0.266 (c) 0.133 (d) 0.174 


(a) 0.532 
(e) 0.25 

[Hint: 


PCijCg)^ 


[PCljliCl,] 

[PClsl 


PCljfg) + Cl 2 (g) 
0 0 

0.8 0.8 


_2 _ 2 _ 

1.2 


= 0.266] 


164. For the reaction; 

2N02(g) ^ 2NO(g) + 02 (g) 

■Kp = 1.8 X 10“*^ atl84°C 
R = 0.083lkJK“' mor* 

when, K p and are compared at 184°C it is found that: 

(AIEEE 2005) 

(a) K p is greater than 

(b) Kp is less than 
i<^)l^p = K, 

(d) whether Kp is greater than, less than or equal to 
depends upon the total gas pressure 
[Hint: Kp=K^{RTf' 

An = 3 - 2 = 1 
Kp=KART)' 

■■■ Kp>K^] 

165. NH^COONHjfs) ZNHjfg) + COjlg). If equilibrium 
pressure is 3.atm for the above reaction; Kp will be: 

(DP.MT 2005) 


(a) 4 • (b) 27 

[Hint: PHH 3 • Pcoj =2:1 
PNH 3 = 2 atm; Pqq^ = 


(c) 4/27 


,]=2-xl = 4] 


(d) 1/27 


A + B , C + D. If initially the concentration of A and B 
are both equal but at equilibrium, concentration of D will be 
twice of that of A, then what will be the equilibrium constant 
of the reaction? [BHU (Pre.) 2005; JIPMER 2006| 

(a)l ■ (b)^ (c)i (d)4 

9 4 9 


x = 2(a-x) 


3x = 2a 


(a-.T)(a-x) 
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167. 


15 moles of H, and 5.2 moles ofl 2 are mixed and allowed to 
attain equilibrium at 500°C. At equilibrium, the concentration 
of HI is found to be 10 moles. The equilibrium constant for the 


formation of HI is: 


(a) 50 


(b) 15 

(c) 100 


[Hint: 


H, 

+ I 2 

2HI 


1 = 0 

15 

5.2 

0 



15-5 

5.2 - 5 

10 


K =- 

[HI]^ 

= 1 ° 0 - = 501 



(KCET 2005) 

(d) 25 


168. 


169. 


[H 2 ][l 2 ] 10 x 0.2 

For the reaction; 2NOCl(g) 


^ 2NO(g) + Cl 2 (g). K^. at 
427°C is 3 X 10'’ L mol ‘. The value of K^ is nearly. 

(AIIMS 2005) 

(a)'7.5xl0“^ (b)2.5x 10“- (c)2.5x 10“’' (d) 1.75x lO”'* 
For the chemical equilibrium, 

CaCQ 3 ( 5 ) CaO( 5 ) + C 02 (g) 

A//,, can be determined from which one of the following plots? 

(AIIMS 2005) 



(a) 





(c) 

[Hint: CaC 03 (i;); 


(d) 


: CaO( 5 ) + C 02 (g) 




According to An'henius equation: 

K = 

log =logA- 


hHl 


23Q3RT 
1 

log Pro, = log A - - - 

^ 2.303P T 


(i) 


Y = C + MX 


Graph (a) represents (i) and its slope will be used to determine the 
heat of the reaction.] 

170. In gaseous reversible reaction, 

Nj (g) + O 2 (g) ^ 2NO(g) + Heat 
If pressure is increased, then the equilibrium constant would 
be: [UGET (Manipal, Medical) 2006) 

(a) unchanged 

(b) increased 

(c) decreased . 

(d) sometimes increased, sometimes decreased 


171. 


172. 


173. 


174. 


175. 


176. 


177. 


If the equilibrium constant for the reaction, 

N2(g) + 3H2(g)^2NH3(g) 
at 750 K is 49, then the equilibrium constant for the reaction, 

NH3(g)^^N2(g) + ^H2(g) 

at the same temperature is: [PMT (Kerala) 2006] 

(a) 1/49 (b) 49 (c) 7 (d) 49^ 

(e) 1/7 

The equilibrium constant for the reaction, 

S03(g)^S02(g) + ^02(g) 
isA:^ =4.9x 10“l 


The value of for the reaction, 

2 S 0 ,(g) + 02 (g)^ 2 S 03 (g) 
will be; (AIEEE 2006) 

(a) 416 (b) 2.40x10“^ 

(c)9.8x 10“- (d)4.9x 10“^ 

[Hint: S 03 (g)^S 02 (g) + i 02 (g); 7:, = 4.9xl0-- 

2 S 02 (g)+ 02 (g) ?=^ 2 S 03 (g); \ 1 

^4.9x 10 ) 

= 416.5 = 416] 

For a reaction, H 2 (g) +12 (g) 7—’’ 2HI(g) at 721 K, the 
value of equilibrium constant is 50. If 0.5 mol each of H 2 and 
I, is added to the system, the value of equilibrium constant 
will be: [VMMC (Safdarjung) 2006] 

(a) 40 (b) 60 (c) 50 (d) 30 

[Hint: Equilibrium constant does not change on adding the 
reactant.] 

In the reaction, H 2 (g) +12 (g) 2HI(g), in a 2 litre flask 
0.4 mole of each H 2 and I, are taken. At equilibrium 0.5 mole 
of HI are formed. What will be the value of equilibrium 
constant ? [PMT (Raj.) 2006] 

(a) 20.2 (b) 25.4 (c) 0.284 (d) 11.1 

For the reaction, H 2 (g) + I 2 (g) ^ ^ 2HI(g), the equilibrium 

constant K^ changes with: (VITEEE 2007) 

(a) total pressure (b) catalyst 

(c) the amount of Hj and I, (d) temperature 
Given the equilibrium system, 

NH^CU^) NH; {aq .) + CF (aq.) 

(AP/'° = + 3.5 kcal/mol) 

what change will shift the equilibrium to the right? 

(VITEEE 2007) 


(a) Decreasing the temperature 

(b) Increasing the temperature 

(c) Dissolving NaCl crystals in equilibrium mixture 

(d) Dissolving NH 4 NO 3 crystals in the equilibrium mixture 
The equilibrium constant (K^) for the decomposition of 
gaseous HjO: 


H20(g)^ 


H2(g) + 


1 

2 


02 (g) is related to degree of 


dissociation (a) at a total pressure P is given by; 

]PMT (Kerala) 2007] 
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^ (l + a)(2 + a)>'' 

3l2p2 

(c) K^= -^ 

^ (l-a )(2 + af^ 


(d) 




(l-a)( 2 +a)' 

„3/2pl/2 


1/2 


(l--a )(2 + a) 


1/2 


(e) 

[Hint: 


^ ri 


/ = 0 


HjOfe): 

1 

1 - a 


H 2 te)+- 02 (g) 


0 

a 


Sn = 1 - a + a + 


a 


■■1 + 


0 

a /2 

a ('2 + a 


x,=- 


X «, 


1/2 


f a 

ax ~ 

U 


An 


y2 


( 1 -a) 


2 + a 


1/2 


^.V2pl/2 


(1 “ a) (2 + a)^^^ 

178. The equilibrium constant for the reaction, 

2 NO 2 (g) 2N0(g) + O 2 (g) is 2 X 10’St 185“ C 

Then, the equilibrium constant for the reaction, 

4NO(g )+202 (g) 4 N 02 (g) at the same temperature 

would be; [PET (Kerala) 2007] 

(a) 2.5 X 10"^ (b) 4x 10'-’^ (c) 2.5x 10“ (d) 2x 10* 

(e) 5 X 10* 

179. 1 mole of H 2 and 2 mole ofI 2 are taken initially in a 2 L vessel. 
The number of moles H 2 at equilibrium is 0.2. Then, the 
number of moles of I 2 and HI at equilibrium are; 

[PMT (Raj.) 2007] 

(a) 1.2, 1.6 (b) 1.8, 1.0 (c) 0.4, 2.4 (d) 0,8, 2.0 

180. The dissociation equilibrium of a gas ABj can be represented 
as, 

2AB2{g)^ 2ABig)+B^ig) 

The degree of dissociation is x and is small as compared to 1. 
The expression relating the degree of dissociation (x) with 
equilibrium constant Kp and total pressure P is; 

ic)2Kp/P ■ id)i2Kp/Pf^ 
[CBSE (PMT) 2008] 
■■2AB(g)+B^(g) : 

0 0 

2 * X Total moles = 2 + X 


iii)(2Kp/PfHh)Kp/P 

[Hint; 


Partial 

pressure 


2AB2(g) 

2 

2(1 -X) 
2(l-x) 


2 + X 


xP 


K„ 


Pab ^ Pb, 
(Pabi 


2x _ 

- xP ■ 

2 + X ' 

X „ 

- xP 

2 + X 

' - 2 

D 

2 

xP 

(2 + x)' 


_(2+ x)^ 


2 ( 1 -X) 

2 4* X 




XP 


4x xP 


4 (2 + x) (1 - x)" 


( 2 +x) = 2 ,(l-x) = l 

Pj .3 

Kp==— .■.x = {2KplPf'^] 


181. In which of the following reactions, the concentration of the 

product is higher than the concentration of reactant at 
equilibrium? (^ = equilibrium constant) (AIl.MS 2008) 
(a) A B , 0.001 (b)M Af; iiL = 10 

(c) T: 1 ?=^ 7 ; a: = 0.005 (d)P?=:^P; iC = 0.01 

182. 1 .6 mole of PCl 5 (g) is placed in 4 dm* closed vessel. When the 

temperature is raised to 500 K, it decomposes and at 
equilibrium 1.2 mole of PCljlg) remains. What is the value 

for the decomposition of PCljlg) to PCI 3 (g) and Cljlg) at 
500K? [PET (Kerala* 

(a) 0.013 (b) 0.050 (c) 0.033 (d) 0.067 , 

■ (e) 0.045 

183. Consider the following statements regarding chemical 
equilibrium; 

1. For the gaseous reaction, the equilibriinn can be establish H 
in open vessel. 

2. The state of equilibrium is dynamic in nature. 

3. If temperature is kept constant, the colour of the reacting 
system changes with time. 

Which of the statements given above is/are correct? 

(SCR.4 2009) 


(a) 1 (b) 2 only 

(c) 3 only (d) 2 and 3 only 

184. The dissociation constants for acetic acid and HCN at 25°C 
are 1.5x10'* and 4,5x10“'® respectively. The equilibrium 
constant for the equilibrium; 

CNT + CH 3 COOH HCN + CH 3 COO' 
would be ; [CBSE (PMT) 2009) 

(a) 3x10* (b)3xl0* 

(c)3xl0"* (d) 3x10-^ 

[Hint : Given 

(i) CH 3 COOH CHjCOO' + IT" Ali = 1.5 x 10“* 

(ii) hCN^^^H^ + CN" iCj =4.5 x10"'® 

(iii) H^ + CN" HCN if = -L = .^. I . 

K 2 4.5x10“'® 


Adding (i) and (iii) we get 
CHjCOOH+CN"^ 


CHjCOO'+HCN 


i: = 1.5xl0“*x 


1 

4.5 X10“'® 


= 3x10*1 

185. One mole of N 2 O 4 is heated in a flask with a volume of 0.1 
' dm*. At equilibrium, 1.708 mole of NO 2 and 0.146 mole of 
N 2 O 4 were found 134°C. The equilibrium constant will be; 

(.MPFET2009) 


(a) 250 mol dih“* (b) 300 mol dm“* 

(c) 200 mol dm"* (d) 230 mol dm"* 

186. What is the effect of a tenfold increase in pressure on in the 
reaction? 


N2(g)+3H2(g)^2NH3(g) 

At equilibrium ; (EAMCET 2.01 (!) 
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(a) a tenfold increase 
(c) no change 


(b) a tenfold decrease 
(d) equal to 


Set-2: The Questions given below may have more 
than one correct answers 


1. Unit of equilibrium constant is: 


(b) (mol/L)'^” 
(d) all of these 


(a) (mol/L) 

(c) (atm)^" 

Which is/are correct? 

(a) 2.303 log Z = - hH°IRT + 

(b) AG° = - 2.303i?r log K 

(c) - 2.303 log a: = - ' + ^S°IR 

(d) 2.303 log K = (VRT )(A/f° + AS” ) 

For the reaction, CaC 03 ( 5 ) Ca0(5) + CO^Cg), which is 

correct representation? 

(b) K^ = K,{RT ) 

(d) Alt of these 


( 3 ) K. p - ( PCO2 ) 

(C) /f, = (C02)/l 

4. N 2 + 02:?=A2N0,A:,; 


o. 


NO, K^; 


2NO ^=5; Nj + O 2 , .^ 3 ; NO 


N, + 


f-1 O 2 , 
UJ 




'■ Correctrelation(s)between K^,K 2 ,K^ andis/are: 

(a) Kf X A 3 = 1 (b) X A 4 = 1 

(c) X A 2 = 1 (d) none of these 

S. For the reaction, N 2 O 4 v.^ 2 NO 2 , if degree of dissociation 

of N 2 O 4 are 25%, 50%, 75% and 100%, the gradation of 
observed vapour densities is; 

(a) di>d 2 >d 2 > d^ (b) d^>d 2 >d 2 > d^ 


(c) df=d 2 = d 2 -- 
6. The equation, a = 


d, 

D- 


(a) A 


(« - l)d 
i ni? / 2 + «C / 3 (b) ^ X 


(d) none of these 
is correctly matched for: 


^nB/2 + {2nn)C 
^(n/2)B + C 


ic)A->in/2)B + inl4)C (d) A 
For a reaction, nA A„, degree of dissociation when A 
trimerises is: 


(a) 2 


d-D 


(b) 


3(d 


d '2 
8 . For the reaction, 

! PCisCg)^ 


- (c)- - 

d J 3 1 d 




PCl,(j) + Cl,(g) 


the forward reaction at constant temperature is favoured by: 

(a) introducing an inert gas at constant volume 

(b) introducing chlorine gas at constant volume 

(c) introducing an inert gas at constant pressure 

(d) increasing the volume of the container 

(e) introducing PCI 5 at constan^volume 

Which of the following will favour the formation of NH 3 by 
Haber’s process? 

(a) Increase of temperature (b) Increase of pressure 
(c) Addition of catalyst (d) Addition of promoter 


10. Which of the following will not affect the value of equilibrium 
constant of a reaction? 

(a) Change in the Concentration of the reactants 

(b) Change in temperature 

(c) Change in pressure 

(d) Addition of catalyst 

11. Which of the following statements is/are wrong? 

(a) At equilibrium, concentrations of reactants and products 
become constant because the reaction stops 

(b) Addition of catalyst speeds up the forward reaction more 
than the backward reaction 

(c) Equilibrium constant of an exothermic reaction decreases 
with increase of temperature 

(d) is always greater than 

12. For the gas phase reaction, 

C 2 H 4 + Hj CjHg; AH° = - 136.8 kJ moP' 

carried out in a vessel, the equilibrium concentration of C 2 H 4 
can be increased by; [BHU (iVi 2008] 

(a) increasing the temperature 

(b) decreasing the pressure 

(c) removing some H, 

(d) adding some C 2 Hg 

13. When NaNOj is heated in. a closed vessel oxygen is liberated 
and NaN 02 is left behind. At equilibrium, which are not 
correct? 

(a) Addition of NaN 02 favours reverse reaction 

(b) Addition of NaN 03 favours forward reaction 

(c) Increasing temperature favours forward reaction 

(d) Increasing pressure favours reverse reaction 

14. An increase in temperature increases which of the following? 

1. The rate constant of a reaction 

2. The ionic product of water 

3. The equilibrium constant of an exothermic reaction 
Select the correct answer using the code given below: 

(SCRA 2007) 

(a) 1 and 2 only (b) 1 and 3 only 

(c) 2 and 3 only (d) 1,2 and 3 only 

15. In the following question, more than one answers are correct. 

Select the correct answer and mark it according to the codes : 
Codes; |BHU (Mains) 2010] 

(a) 1,2 and 3 are correct (b) 1 and 2 are correct 

(c) 2 and 4 are correct (d) 1 and 3 are correct 

Water gas, an industrial fuel, consisting CO and H 2 in 
equimolar amounts is obtained by passing steam over red-hot 
carbon in accordance with the reaction: 

C(^) + HjOCg) ^ CO(g) + H 2 (g); 

A/f = +130.5kJ 

The yield of water gas can be increased by 

( 1 ) —»Reducing the total presure of the system 

(2) —> Increasing pressure of steam 

(3) —> Raising the temperature 

(4) —> Introducing hot carbon 
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Assertion-Reason TYPE QUESTIONS 


The questions given below consist of two statemente each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four; 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct and (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) is incorrect but (R) is correct. 

1. (A)Kp can be equal to or less than or even greater than the 

value of Zj.. 
iK)Kpr-.K^(RT)^ 

Relation between Kp and depends on the change in the 

number of moles of gaseous reactants and products. 

2. (A) For N 2 (g) + 3H2(g) 2NH3(g), the equilibrium 

constant isthen for i N 2 (g) +1 Hjtg) NHjtg) 

the equilibrium constant will be s/k. 

(R)If concentrations are changed to half the equilibrium 
constant will be halved. 

3. (A) A catalyst does not influence the values of equilibrium 

constant. 

(R) Catalysts influence the rate of both forward and backward 
reactions equally. 

4. (A) The active mass of pure solid and ptire liquid is taken 

unity. 

(R) The active mass of pure solids and liquids depends on 
density and molecular mass. The density and mol«:ular 
mass of pure liquids and solids are constant. 

5. (A) For PClstg) PC^Cg) + Cl 2 (g). If more CI 2 is added 

the equilibrium will shift in backward direction hence, 
equilibrium constant will decrease. 


(R) Addition of inert gas to the equilibrium mixture at 
constant volume, does not alter the equilibrium. 

6 . (A) At equilibrium AG == 0 

(R) AG°= -RTlog^K^ at equilibrium. 

7. (A) At equilibrium AG = 0 

(R) The Gibbs free energy of reactants and products decreases 
and become equal at equilibrium. 

8 . (A) Equilibrium constant of a reaction changes on changing 

the stoichiometric coefficients of the reaction. 

, (R) The reactions : N 2 (g) + 3 H 2 (g) 2 NH 3 (g) 

1 3 

and -N 2 (g) + -H 2 (g)^=^ NH 3 (g) have same equili¬ 
brium constant. 

9. (A) The for the reaction; 

2 S 02 (g)+ 02 (g)^ 2 S 03 (g) isa 

[SO 2 J [O 2 .' ^ 

(R) When < K^, the reaction is not at equilibrium ai 3 it 
will be fast in backward direction. 

10. (A) The equilibrium of [PCl 5 (g);F=^; PCl 3 (g)+Cl 2 (g)] is 

not affected by changing the volume of container. 

[PCI5] 

Equilibrium constant does not depend on the volume 
of vessel. 

11. (A) The reaction : N 2 (g) + 3 H 2 (g) 2 NH 3 (g) will shift 

in forward direction by increase in pressure. 

(R) On increasing the pressure, the equilibrium will shift in 
forward direction. 




644 


G.r.b, Physical Chemistry For Competitions 








- ■ .~l 

L_ / UDJtUf ivir UUtSliUNd | 

• Set-1 








1. (b) 

2. (d) 

3. (c) 

4. (c) 

5. (a) 

6. (a) 

7. (b) 

8. (d) 

9- (d) 

10. (b) 

11. (c) 

12. (a) 

13. (d) 

14. (d) 

15. (b) 

16. (a) 

17. (b) 

18. (c) 

19. (c) 

20. (d) 

21. (a) 

22. (b) 

23. (d) 

24. (d) 

25. (c) 

26. (c) 

27. (a) 

28. (b) 

29. (d) 

30. (a) 

31. (a) 

32. (c) 

33. (d) 

34. (d) 

35. (d) 

36. (b) 

37. (d) 

38. (c) 

39. (d) 

40. (b) 

41. (a) 

. 42. (c) 

43. (b) 

44. (d) 

45. (d) 

46. (c) 

. 47. (b) 

48. (b) 

49. (c) 

50. (a) 

51. (d) 

52. (b) 

53. (b) 

54. (c) 

. 55. (d) 

56. (a) 

57. (d) 

58. (b) 

59. (a) 

60. (c) 

61. (c) 

62. (a) 

63. (b) 

64. (b) 

65. (d) 

66., (d) 

67. (a) 

68. (c) 

69. (b) 

70. (d) 

71. (a) 

72. (c) 

73. (b) 

74. (a) 

75. (d) 

76. (d) 

77. (a) 

78. (b) 

79. (c) 

80. (c) 

81- (d): 

'82. (a) 

83. (d) 

84. (c) 

85. (b) 

86. (c) 

87. (a) 

88. (b) - 

89. (c) 

90^d) 

■ 91. (d) 

92. (b) 

93. (a) 

94. (b) 

95. (b) 

96. (d) 

97. (c) 

98, (b) 

. 99. (a) 

100. (a) 

101. (a) 

102. (b) 

103. (c) 

104. (a) 

105. (a) 

106. (a) 

107. (a) 

108. (c) 

109. (b) 

110. (c) 

111. (d) 

112. (d) 

113. (c) 

114. (b) 

115. (a) 

116. (a) 

117. (b) 

118. (b) 

119. (d) 

120. (a) 

121. (d) 

122. (b) 

123. (a) ■ 

124. (a) 

125. (a) 

126. (b) 

127. (b) 

128. (a) 

129. (b) 

130. (d) 

131. (c) 

132. (d) 

133. (a) 

134. (a) 

135. (c) 

136. (b) 

137. (b) 

138. (d) 

139. (c) 

140. (c) 

141. (d) 

142. (b) 

143. (d) 

144. (c)' 

145. (c) 

146. (a) 

147. (b) 

148. (d) 

149. (b) 

150. (a) 

151. (a) 

152. (c) 

153. (d) 

154. (d) 

155. (d) 

156. (a) 

157. (b) 

158. (a) 

159. (b) 

160. (a) 

161. (a) 

162. (a) 

163. (b) 

164. (a) 

165. (a) 

166. (d) 

167. (a) 

168. (d) 

169. (a) 

170. (a) ■ 

171. (e) 

172. (a) 

173. (c) 

174. (d) 

175. (d) 

176. (b) 

177. (d) 

178. (c) 

179. (a) 

180. (d) 

181. (b) 

182. (c) 

183. (d) 

184. (a) 

185. (c) 

186. (c) 







• Set-2 








1- (b,c) 

2. (a, b) 

3. (d) • 

4. (a,b, c) 

5. (a) 

6. (b) 

7. (b) 

8. (c, d, e) 

9. (b, c,d) 

10. (a,b, d) 

11. (a,b,d) 

12. (a,b,c,d) 

13. (a,b,d) 

14. (a) 

15. (a) 


; ASSiRTION-R^^N T^ 




1. (a) 

2. (c) 

3. (a) 

4. (a) 

. 5. (c) 

6. (b) 

- 7. (a) 

8. (c). 

9. (c) 

10. (d) 

11. (a) 











Brain Storming Problems 


Objective Questions for 




Ammonium carbamate when heated to 200PC gives a mixture 
of NH 3 and CO 2 vapour with a density of 13. What is the 
degree of dissociation of ammonium carbamate? 

fCE'E (Kerala) 20041 

(a)^ (b)l (c )2 (d)l 


hint: 01 

Initial vapour density D ■ 


.2NH3(g)+C02(^) 


j _ Molecular mass 
2 ' 
79 

= — = 39 
2 


, ^ D-d _ 39-13 _26_^ 

“ {n-\)d (3-l)xl3 26 

here, n = number of moles of product formed by dissociation of 1 
mole reactant.] 

In the heterogeneous equilibrium: 

CaCOjCi) CaO(s) + COjlg) 
what would be the effect of addition of CaCOj on the 
equilibrium concentration of CO 2 ? 

(a) Increases (b) Unpredictable 

(c) Decreases (d) Remains unaffected 

[Hint: Gaseous components are not present on both sides, 
hence, equilibrium will not be affected on addition of CaC 03 

Kp = PcQ^ = constant (at constanfctemperature)] 
For the reaction, N 204 (g) v 2 N 02 (g); if percentage 
dissociation of N 2 O 4 are 25%, 50%, 75% and 100%, then the 
sequence of observed vapour densities will be: 

(a) di > d 2 > d^ > d^ (b) > d 2 > d^ 


d^-d^ 


(d)W =d2)>{d2, 


[Hint: Lesser is the percentage dissociation; greater is the 
vapour density.] 

In a system: 

,4(s)^25(g) + 3C(g) 

if the concentration ofC at equilibrium is increased by a factor 
of 2, it will cause the equilibrium concentration of B to change 
to: 

(a) two times the original value 

(b) one half of its original value 

(c) 2 V 2 times the original value 

(d) —5— times the original value 

2 V 2 

For the decomposition of NH 3 (g) in a sealed tube: 
2NH3(g)^N2(g) + 3H2(g) 

(a) Kp does not change with pressure 

(b) concentration of H 2 (g) is less than that of nitrogen 


(c) concentration of ammoni^does not change with pressure 

(d) ,Jifp changes significantly with pressure 

The equilibrium constant for the decomposition of water, 

[H20(g)^H2(g) + i02(g)] 


is given by: 


(a)/: = 


a>p^>^ 


(l-a)( 2 - 

aV'" 


{h)K = 


{\~a){2 + af 


(c).s:=rL_t^ _ (d)K = --— 

V 2 ' (l-a )(2 + af^ 

On heating a mixture of SO 2 Q 2 and CO, two equilibria are 
simultaneously established: 

S 02 Cl 2 (g)^S 02 (g) + Cl 2 (g) 
CO(g)+Cl 2 (g)^COCl 2 (g) 

On adding more SO 2 at equilibrium what will happen? 

(a) Amount of CO will decrease 

(b) Amount of SO 2 CI 2 and COCI 2 will increase 

(c) Amount of CO will remain unaffected 

(d) Amount of SO 2 CI 2 and CO will increase 
Consider the reactions, 

(i) PCl5(g)^=^PCl3(g) + Cl 2 (g) 

(ii) N204(g)^2N02(g) 

The addition of an inert gas at constant volume: 

(a) will increase the dissociation of PCI5 as well as N2O4 

(b) will reduce the dissociation of PCI 5 as well as N 2 O 4 

(c) will increase the dissociation of PClj and step up the 
formation of NO 2 

(d) will not disturb the equilibrium of the reactions 

[Hint: At constant volume, inert gas will not affect any of the 
equilibrium.] 

Densities of diamond and graphite are 3.5 and 2.3 g/mL 
respectively. Increase of pressure on the equilibrium 
C (diamond) C (graphite) 

(a) favours backward reaction(b) favours forward reaction 
(c) has no effect (d) increases the reaction rate 

A reaction at equilibrium involving 2 moles each of 
PCI 5 , PCI 3 and CI 2 is maintained at 250°C and a total pressure 


of 3 atm. The value of Kp is; 


At equilibrium 




(c)4 (d)l 

PCI 3 + CI 2 
2 2 


7 ^ 3> Pels "7^3 
6 ^ 6 


Ppa^ Pa-, 


11 . In case of gaseous homogeneous reaction, the active mass of 
the reactant is given by the expression: 
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(a) 


P 

[Hint: 


P 

RT 


(c) 


PV 

Jf 


id)-RT 

V 


Active mass (mol L' ) 


PV=nRT 

V RT 

RT 


12. In the dissociation of l 2 (^) at 1000 K in a container of 1 litre: 


high 


21 -(g); Ji:, = 10 - 


,-6 


Select the correct relation: 

(a)[l2]>[I 

[rf 


(b)[I2] < in (c) [I2] = [I-] (d)[12]=^[i- 


[Hint: 




10 


[I 2 ] 

.-6 [rf 

[I 2 ] 


^ j [i2]>[n]" 

13. Acetic acid undergoes dimerisation, when dissolved in 
benzene 


2CH3—COOH;^ CHj 


- £, - 


CH, 


Molecular mass of acetic acid is found 120 . Which among the 
following relation is correct? 


D-d 

d 

d-D 


(b)a = 2 

(d)a 


D-d 

D 


2d 


(a)a = 2 

(c)a = 2 , , 

' d ) D-d 

where, d = Observed vapour density 

D = Theoretical vapour density 

[Hint: For association of molecule 

d-D _ d-D 

d{\-\ln)~ d{\-HI) 

_ l{d-D) 

~ d ^ 

14. The equilibrium: 

P4(g) + 6a2(g)?=^4PCl3(g) 


a = - 


is attained by mixing equal moles of P 4 and CI 2 in an 
' evacuated vessel. Then at equilibrium: 

(a)[a 2 ]>[Pa 3 ] (b)[Cl2]>[P4] 

(C)[P4]>[C12] (d)[PCl3]>[P4] 

15. In the reaction: A + B .- ,2C + D. The initial concentration 

of A and B are 1 Meach. The value of is 10®. What is the 
equilibrium concentration of A? ^ 

(a) 2 X 10'“ M (b) 2 X. 10“ M (c) 0.005 M (d) 0.0025 M 

16. For the reaction: 

^ (g ) +25 (g ) 3C(g ) +D(g ); isTp 0.05 atm at 1000 K 

The value of is represented by: 


(a)5xl0-“5 (b)-^^^®"^ 


[Hint: K=K,iRTy 


R 

,6n 


{c)5xl0“^5 (d) ^ - 

R 




K„ 


0.05 


(5r)*” (1000x5)’ 


5x10' 

R 


■] 


17. Match the List-I (equilibria) with List-II (conditions) and 
select the correct answer using the options giyen below: 


List-I 


List-ll 


P H 2 (g)+l 2 (g)?= 


Q. 2 S 02 (g) + 02 (g) ^ 

R. 2NH3(g)^=:^N2(g)+3H2(g) 


2HI(g) 1. High temperature 
— 2 S 03 (g) - 2. Low temperature 

3. High pressure 

4. Low pressure 

5. Independent of 



P 

Q 

R 

(a) 

1,3 

2,3 

2,4 

(b) 

2,3 

1,4 

1,3 

(c) 

1,5 

T3 

".2,4 

(d) 

2,4 

1,5 

1,3 


18- At constant pressure, the presence of inert gases: 

(a) reduces the dissociation of PCI 5 

(b) increases the dissociation of PCI 5 

(c) does not affect the degree of dissociation of PCI 5 

(d) steps up the formation of PCI 5 
[Hint: PCl 5 (g)^PCl 3 (g)+Cl 2 (g) 

On adding inert gas, the equilibrium will shift towards higher 
volume direction.] 

19. Which of the following expressions is correct? 


i^)K^=K^ 

io)K^=K„ 


RT 

n 

Zn 


An 


An - 1 


(h)Kp = K, 

(d)K=K, 


An 


-An + I 


20. The most stable oxide of nitrogen will be: 

(a) 2NO(g) ^ N 2 (g) + 02 (g); A = 2.2x10- 

(b) 2N20(g) 2N2(g) + 02 (g); A = 3.5 X 10- 

(c) 2 N 205 (g) 2N2(g) + 502 (g); A = 1 .2 X 10 ’’ 

(d) 2 N 02 (g) ^ N 2 (g) + 202 (g); is: = 6.7x10’ 

^ J_ 

K 


,16 


[Hint: Stability constant - 


.'. Smaller is the value of equilibrium constant greater is the 
stability of oxide.] 

21. Equilibrium constant for two complexes are: 

.4: K 4 [Fe(CN) 6 ] 2.6x10®^ (for dissociation) 

5: K .3 [Fe(CN )6 ] 1.9 X 10*^ (for dissociation) 

(a) A and 5 are equally stable(b) A is more stable than B 
(c) 5 is more stable than A (d) the predictable stability 

1 

[Hint: Stability < 


Equilibrium constant for dissociation 


22. At the equilibrium of the reaction, N 204 (g) 2 N 02 (g), 

the observed molar mass of N 2 O 4 is 77.70 g. The percentage 


dissociation of N 2 O 4 is: 


(a) 28.4 


(b)46.7 


(c) 22.4 


(d) 18.4 
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23. 


24. 


25. 


[Hint: a ■■ 


Mq-M 

92- 77.7 
' (2 - I) X 77,7 


= 0.184 


% Dissociation = 18.4 ] 

Consider the following statements: 

In the Haber method of synthesis of ammonia 

1. Increase of pressure favours the formation of NH 3 

2. Decrease of pressure produces more NHj 

3. Increase of temperature dissociates NH 3 

4. Addition of inert gas favours the formation of NH 3 
Which of the statements given above are correct? 

(SCR.4 2009) 

(a) 1 and 3 (b) 2 and 4 (c) 1 and 4 (d) 2 and 3 

For the decomposition of PC^Cg) in a closed vessel, the 
degree of dissociation is a at total pressure P. 

. pck(g)^ pekw + q2(g); 

Whicli among the following relations is correct? 

(a) a 


K, 


Kp + P 


(c)a = .^ 


+ P 


(b)a = 


(d)a = 


K, + P 


1 




+ P 


In the decomposition reaction of ammonia: 

2NH3(g) ^ N^fg) + 3H2(g) 

2 moles of NH 3 are introduced in the vessel of 1 litre. At 
equilibrium, 1 mole NHj was left, the value of K^. will be: 

(a) 0.75 (b)0.70 (c) 1.75 (d) 1.70 

[Hint: 2 NH 3 (g)^N 2 (g) + 3 H 2 (g) 


0 

111 


3/2 


K,= 


[N 2 ][H 2 f 

[NHjf 


2 

^ 1 * 


= 1.685 = 1.7] 


26. By which of the following relations, the equilibrium constant 
varies with temperature? 

A 00 

(a)ln3f2-ln^, 


(b)lni:2 - InA:, = 


(c) InKj - \nK^ 


R 
AH 


d\- 

Tx \t 


Ji/r, [f 


R 

AH° 


A [j 


R 

AH° pi/fi 

R Ji/f: 

27. For dissociation of a gas NjOj as; 


(d)ln .^2 -In^i 


N205(g) ^ 


2 {T 


1 


^2N02(g) + - 02 (g); 

If ‘D’ is the vapour density of equilibrium mixture and Pq is 
the initial pressure of N 2 O 5 (g ), then its equilibrium pressure 
must not be (M is molecular mass of N 2 O 5 ); 


(a)Pfl 


(M -2D) 


3Z) 


(b) 


3D-M 


(c)^ 

2D 


(d)^ 

M 


28. SO 3 (g) is heated in a closed vessel. An equilibrium: 

2S03(g)^2S02(g) + 02(g) 

is established. The vapour density of the mixture, in which 

SO 3 is 50% dissociated, is; 

(a) 26.5 {b)35 ' (c)42 (d) 55 

nj - t D-d 

[Hint: a 


0.5 = 


(n - l)d 
40 -d . 
i2-])d 
d = 26.5] 

29. When In K is plotted against ^ using the yan’t Hoff equationjr- 

a straight line is expected with a slope equal to: 

(a)AW°/i?r, {b)-AH°/R ic)AH°/R id)R/AH° 

30. vIBt (g) dissociates as, 

AB^ig)^ AB{g) + B(g) 

The initial pressure of AB 2 is 600 mm Hg and total pressure is 
800 mm Hg. The equilibrium constant for the reaction will be; 
(a) 500 (b) 100 (c) 200 (d) 400 

31. For the gaseous reaction, 

C2H4 + H2 CjHg, 

the equilibrium constant has the units: 

(a) mol^ dm'-’ (b) dm^ moF' (c) dm’^ moF* (d) mol dm’^^ 

32. The equilibrium constant for the reaction: 

H 2 (g) + Br 2 (g)^ 2 HBr(g) 

is 67.8 at 300 K. The equilibrium constant for the dissociation 
ofHBris: 

(a) 0.0147 (b)67.8 (c) 33.90 (d) 8.349 

[Hint. ^dissociation ~ 77 ] 


K,. 


^dissociation 

formation 

33. A large positive value of AG° corresponds to which of these? 

(a) Small positive K (b) Small negative P 

(c) Large positive K (d) Large negative K 

[Hint: AG° = - 23Q3RT log K^] 

34. What is AG° for the following reaction? 

4 ^ 2 ^) + I HoCg) NHjfg); = 4.42 x 10 '' at 25°C 

(a) - 26.5 kJ moF' (b) - 11.5 kJ moF' 

(c)-2.2kJmoF' (d) - 0.97 kJ moF' 

35. For the following reaction: Ai = 1.7 x lO’ at 25°C 

Ag" (aq .) + 2NHy(aq .) ^ [Ag(NH 3 ) 2 1 
what is the value of AG° in kJ? 

(a)-41.2 (b) -17,9 (c)+17.9 (d) 4 41.2 

O 

36. If for a given reaction is negative, which gives the correct 
relationships for the values of AG° and 


(a) AG° > 0, < 1 

(c) AG° <0,K^^ >1 


(b) AG°>0,3f,,,>l 


(d)AG°< 0 ,^:,,, <1 
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37. The free energy of formation of NO is 78 kJ moF’ at the 
temperature of an automobile engine (1000 K). What is the 
equilibrium constant for this reaction at 1000 K? 

^N 2 (g) + ^ 02 (g)^N 0 (g), 

' (a) 8.4 X 10"^ (b) 7.1 x lO'® (c) 4.2 x 10“'° (d) 1.7 x 10“'® 

38. 2S02(g)+02(g)^2S05(g) ■ 

Given, that the equilibrium constant fci reaction above has 
a value of 278 at a particular temperature, what is the value of 
equilibrium constant for the following reaction at same 
temperature? 

S03(g)^S02(g)+io2(^) 

(a) 1.3x10“^ (b) 1.8x10“^ (c) 3.6x10“^ (d)6xl0"^ 

39. In which of the following reactions, the increase in volume of 
the container will favour the formation of products? 

(a) C(s) + HjOCg) CO(g) + E^ig) 

(b) H2(g) + l2(gy^2ffl(g) 

(c) 4h}H3(g) + 502 (g) ^ 4NO(g) + 6H20(0 

(d) 302 (g) 203 (g) 


40. Consider the reaction, whose = 33, 

SOjCg) + N02(g) ^ S03(g) + NO(g) 

If 0.1 mol each of SO 2 and NO 2 are placed in 1 L container, 
what is the concentration of SO 2 at equilibrium? 

(a) 0.003 Af (b) 0.015 M (c) 0.085 M (d) 0.097 M 

41. Reaction K 

^N2(g) + 02(g)T=^N02(g) , 


2N02(g,)'^ N 204 (g) 


K, 


Using above equations, write down expression fotW of the 
following reaction:: . , “ . , .'F - -' 

N204(g)^N2(g)-+i02(g)F 




(b).£2- 

K, 


(c)- 


1 




(d) 


1 


42. Cu^'* ions react with Fe^'*' 
. reaction: 

,2+ 


1 ' 

ions according to the following 


Cu^^ + 2Fe^ 


^Cu + 2 Fe^ 


At equilibrium, the concentration pf Cu^"^ ions is not changed 
by the addition of: 

iei)C\i^* (b)Fe^^ (c)Cu (d)Fe^+ 

43. Consider this equilibrium, for which AiT < 0, 

HgO(i) + 41-(aq.) + H20(/) ^ Hgl^ + 20ir , 

Which changes will increase the equilibrium concentration of 

Hgl^ ? 


I. Increasing the mass of HgO(s)present.’ 

II. Increasing P”]. 


III. Adding 1 MHCl. 

(a) I only (b) II only 

(c) II and III only (d) I, II and III 


44. 'Which of the following do not change the value of K for a 
reaction? 

(a) Addition of catalyst 

(b) Increase in temperature 

(c) Increase in pressure 

(d) Removal of one of the products 

45. For which of the following reactions at equilibrium at constant 
temperature doubling the volume will cause a shift to the 
right? 

(a) N204(g)^2N02(g) 

(b) CaC 03 (s) CaO(s) + C02(g) 

(c) 2CO(g) + 02 (g) ^2C02(g) 

(d) N 2 (g) + 02 (g) ^2NO(g) 

46. In the reaction, 

N 204 (&) 2N02(g) if D and d are the vapour 

densities at initial stage and at equilibrium then what will be 



d 

(a)0 (b)1.5 (c)l (d)0.5 


Dfint: 


a = - 


D-d 


For the given reaction, n = 2 and a = 0 at /I 
D-d 


(2-l)d 

D 


0 


= 1 ] 


47. A schematic plot of In versus inverse of temperature for a 

reaction is' shown below: 



T 

The reaction must be; 

(a) exothermic 

(b) endothermic 

(c) one with negligible enthalpy change 

(d) highly spontaneous at ordinary temperature 
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d\nK.„ aH° 

[Hint: We know that,-^ =- 5 - ' 

dT RT^ 

\IJ0 

\nK^ =-- + C . 

. RT 

The plot has positive slope, lienee kH ° will be negative.] 

48. The equilibrium: 

NH4HS(s) ^ NHjCg) + HjSCg), 
is followed to set-up at 127° C in a closed vessel. The total 
pressure at equilibrium was 20 atm. The for the reaction is: 
(a) 0.092 ' (b) 0.085 

(c) 3.045 (d) none of these 

20 

[Hint: pNHj = pH^S = — atm 

Kp = pNHj X pHjS = iOO atm^ 

Kp=K^{RTf 

100 X (0.0821 X 400)^ 

a:, = 0.092 

49. 20% of N 2 O 4 molecules are dissociated in a sample of gas at 
27° C and 760 torr. Mixture has the density at equilibrium 
equal to: 

(a)1.48g/L (b)1.84g/L 

(c)2.25g/L (d)3.12g/L 

[Hint: The reaction is: 

N 204 (g)^ 2 N 02 (g) 

j 20. 

n = 2 and a =-= 0.2 

100 


D = 46, initial vapour density 
d = vapour density at equilibrium 

D-d 

a =- 

(n - Y)d 


0.2 = 

d = 


46-d 
(2-l)d 

38.3 


Molar mass equilibrium = 2 x 38.3 = 76.6 

Pm = dRT Here, d = density of gas mixture 

., . , Pm 1X 76.6 , 

d{mix) = — =-=3.12 g/L] 

RT 0.0821x 300 


The equilibrium constants and for the reactions - 

X 2 T and 2 5 =^ P + Q ; respectively are in the ratio of 
1 : 9. If the degree of dissociation ofXand Zbe equal then the 
ratio of total pressures at these equilibria is: - (AIEEE 2008) 


(a) 1 : 9 
(c) 1 : 1 

[Hint: 


K„ 


1 

1 -a 
2a „ 


27 


1 + a 


1 - a 
1 + a' 
4 a¥i 
1 - 


f^_4a^P 


K. 


1 - a 
4R 


P2 

9 


^=J-] 

T-i -i 


l-a' 


(b) 1 ; 36 
(d) 1 :3 
Z:^P + 


0 

1 

0 

0 

2a 

1 - 

a a 

a 

2 


“ P 

a P 


a:. = 

1 + a 

1 + a 



1 - a „ 


- P 2 


1 + a 


1 -a^ 


.36 

51. Which of the following plots is correct about endothermic 
reaction ? 


t 






E /4ftAeu0tA 


1. 

(d) 

2. 

(d) 

3. 

(a) 

4. 

(d) 

5. 

(a) 

6. 

(b) 

7. 

(d) 

8,- 

(d) 

9. 

(a) 

10. 

(d) 

11. 

(b) 

12. 

(a) 

13. 

(c) 

14. 

(c) 

15. 

(b) 

16. 

(d) 

17. 

(c) 

18. 

(b) 

19. 

(b) 

20. 

(d) 

21. 

(c) 

22. 

(d) 

23. 

(a) 

24. 

(a) 

25. 

(d) 

26. 

(c) 

27. 

(a) 

28. 

(a) 

29. 

(b) 

30. 

■(b) 

31. 

(b) 

' 32. 

(a) 

33. 

(a) 

34. 

(a) 

35. 

(a) 

36. 

(a) 

37. 

(a) 

38. 

(d) 

39. 

(a) 

40. 

(b) 

41. 

(d) 

42. 

(c) 

43. 

(c) 

44. 

(a, c, d) 

45.. 

(a,b) 

46. 

(c) 

47. 

(a) 

48. 

(a) 

49. 

(d) 

50. 

(b) 

51. 

(b) 
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Integer Answer TYPE QUESTIONS 


This section contains 10 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question numbers 
X, Y, Z and W (say) are 6 ,0,9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figure: 


X Y Z W 


® ®(DCD 
@®©# 
® ® ® 
® @ ii ® 
® © ® © 
: ®®® 
® @ o ® 


1. 


2 . 

3. 




For the reaction: 

ABig)-. 

AB is 33% dissociated at a total pressure of p. Then, will 
be equal to ; ' 

If the reaction A B, has = fr then its equilibrium 
constant will be equal to ; 

Consider the following reaction 


A+B^=±E K,=6 

2B+C=^W K^=4 

What will be the equilibrium constant (K^) for the following 
reaction? 


A + D E + C 


4. For the equilibrium of the reaction : 

NH4C1(s) ^=5: NH 3 (g) + HCl(g) = 81 atm^ 


Total pressure at equilibrium will be x times the pressure of 

NH 3 . 

The value of x will be : 

5. Mixing 4 moles of A with 4 moles of B forms 2 moles of C at 
equilibrium, according to the following reaction : 

A{g) + B(g)^Cig)+Dig) 

The value of equilibrium constant is : 


6 . A reaction at equilibrium involving 2 mol each of PCI 5 , PCI 3 , 
CI 2 is maintained at 250°C and total pressure of 3 atm. The 
value of Kp is : 

7. For the reaction: 

A{g) + B{g)^Cig) + Dig) 

The initial concentrations of A and B are equal. The 
equilibrium concentration of C is two times the equilibrium 
concentration of A. The value of equilibrium constant is: 

8 . N 2 + O 2 2NO; W, 

K 2 

2N0^=^N2 + 02;/:3 
N0;F=^iN2+^02;A'4 

K^xK^=x, = ^xK2 = z 

What will be the value of xyzl 

9. 4.5 moles each of Hj and I 2 are heated in a sealed 10 L vessel. 
At equilibrium, 3 mole of HI were found. The equilibrium 
constant for: 

H 2 te)+l 2 (g)^ 2 HI(g)is: 

10. SO 2 CI 2 and CI 2 are introduced into a 3 L vessel. Partial 
pressure of SO 2 CI 2 and Clj at equilibrium are 1 atm and 2 atm 
respectively. The value of for the following reaction is 10. 

S 02 Cl 2 {g)^=^S 02 (g)+Cl 2 (g) 

The total pressure in atm at equilibrium would be : 


C — - . . 

1 . ( 8 ) 2. (1) 3. (3) 4, (2) 5. (1) 6 . (1) 7. (4) 8 . (1) 

9. (1) 10. ( 8 ) ' . 
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*• Linked Comprehension Type Queshons •* 



• Passage 1 

Phosphorous pentachloride when heated in a sealed tube at 
700 K, it undergoes decomposition as, 

PCkig ) ^ PCI, (g ) + C4(g ); = 38 atm 

vapour density of the mixture is 74.25. 

Answer the following questions: 

1. The reaction is: 

(a) endothermic 

(b) exothermic 

(c) may be endothermic or exothermic 

(d) unpredictable 

2. Percentage dissociation of PCI 5 may be given as; 

(a) 4.04 (b) 40.4 (c) 44.0 (d) 0.404 

3. Equilibrium constant for the reaction will be: 

(a) 0,66 M (b)0.56M (c)0.46M (d)0.36M 

4. If pressure is increased then the equilibrium will; 

(a) be unaffected - 

(b) shift in backward direction 

(c) shift in forward direction 

(d) cannot be predicted 

5. When inert gas is added to the given reversible process then 
the equilibrium will: 

(a) be unaffected 

(b) shift in backward direction 

(c) shift in forward direction 

(d) cannot be predicted 


• Passage 2 


In Haber's process, t,he ammonia is manufactured according to 
the following reaction: 

N^{g)+ = -(22.4 kJ) 


The pressure inside the chamber is maintained at 200 atm and 
temperature at 500°C Generally, this reaction is carried out in 
presence of Fe catalyst. 

Answer the following questions; 

1. If .K'p for the given reaction is 1.44 x 10“^, then the value of 
will be: 


(a) 


1.44 X 10~^ 
(0.082 X 500r^ 


mo! L'* 


(b) 

(c) 

(d) 


1.44x10”^ 
(8.314 x 773)"^ 
1.44 X 10^^ 
(0.082 X 773 f 
1.44 X 10"^ 
(0.082 X 773 


- mol L * 
mol L“’ 


mol L ' 


2. The preparation of ammonia by Haber’s process is an 
exothermic reaction. If the preparation follows the following 


temperature pressure relationship for its % yield. Then for 
temperature 7], Tj and T, the correct option is: 



Pressure (atm) 


(a)7’3>7’2>7’, mf>T^>T, . 

(c) 7] = 7’2 = T, (d) nothing could be predicted 

[Hint: The % yield will decrease with rise in temperature, since 
it is exothermic.] 

3. 500°C is considered optimum temperature for Haber’s process 
because: 

(a) catalyst has maximum activity at this temperature 

(b) energy required is easily obtained at this temperature 

(c) yield is maximum at this temperature 

(d) rate is fast enough while the yield is also appreciable at 
this temperature 

4. If Kp for the reaction is 1.44 x 10“^ then the value of for 
the decomposition of NHj, 

2NH3(g)^N2(g)+3H2(g) 


will be; 


(a) .^1.44 x,10^^ 

(b) (1.44 X 10“^ )■ 

(c)^-^ 

1.44 X lO’^ 

(d) 2.88 X 10“^ 


5. 30 litre H 2 (g) and 30 litre were taken for the reaction in 
Haber’s process which yields only 50% of the expected 
ammonia due to reverability of the reaction. What will be the 
composition of reaction mixture under the given condition? 



■. NHj 

N2 , 

H2 

(a) 

20 L 

20 L 

20 L 

(b) 

10 L 

25 L 

15 L 

(c) 

20 L 

10 L 

30 L 

(d) 

20 L 

25 L 

15 L 


• Passage 3 

When .all the coefficients in a balanced chemical equation are 
multiplied by a constant factor J, the equilibrium constant 
{originally K ) becomes K'’. Similarly, when balanced equations are 
added together, the equilibrium constant for the combined process is 
equal to the product of the equilibrium constants for each'step. 

Equilibrium constant of the reversed reaction is numerically equal 
to the reciprocal of the equilibrium constant of the original equation. 

Unit ofKp = {atmf''; Unit of K, = [mol 


652 


G.R.B. Physical Chemistry For Competitions 


Answer the following questions: 

1 . Consider the reactions: 

(i) CO(g) + HjOCg) ^ CO^ig) + K, 

(ii) CH4(g) + H^Oig) ^ CO(g) + 3Ha(g); 

(iii) CH 4 (g) + 2 H 20 (g) ^ C 02 (g) + 4H2(g); K, 




Which of the following is correct? 

(b)A:j = 

{c)K,=K^K^ (A)K^=K,4r^ 

The equilibrium constants for the following reactions at 1400 
K are given: 

2H20(g) ^ 2H2(g) + 02 (g); if, = 2.1X 10-’^ 

2 C 02 (g) ^ 2CO(g) + 02 (g); = 1.4 X 10-'^ 

Then, the equilibrium constant K for the reaction, 
H2(g)‘+C02(g)^ C0(g) + H20(g) . 

is: ' - , ■ 

(a) 2.04 (b)20,5 


(c)2.6 (d)8.4 

=^ 2 N 02 (g);:s:i 
=^N204(g);i:2 
=4N204(g);^3 


3. Given: 2NO(g) + 02 (g): 

2 N 02 (g); 

2NO(g) + 02 (g); 

Which of the following relations is correct? 
{&)K^=KylK2 Q>)K^=K^kK2 

ic)K^=K,+K^ {A)K, - 


4^1 


4. H 3 PO 4 is a tribasic acid, it undergoes ionization as: 


H 3 PO 4 

H 2 POi 

HPO?~ 


IT + H2PO4 

T+ , tjror\ 2 - 


H"" + HPOf; 1:2 

IT + POj"; K. 


Then, equilibrium constant for the following reaction will be: 

H3PO4 3 ir + PO^ 

/ \ Zr ^ VI N V \ ^ K^K^) 


(b)^ 




Ko 


(d)- 


K, 


5. 


“■3 -^2 -«3 

Consider the two reactions: 

XeF 6 (g) + H20(g) ^ XeOF 4 (g) + 2HF(g); X, 

Xe 04 (g) + XeP6(g) ^ XeOF4(g) + Xe 03 F 2 (g); X 2 
Then, the ^uilibrium constant for the following reaction will 
be: 

Xe04(g) + 2HF(g) Xe03F2(g) + H20(g) 
is given by: 


(a)X,/X| (b)X,/X 2 


(c) k'^IKj 


(d)X 2 /X, 


• Passage 4 

Mass action ratio or reaction quotient Q for a reaction can be 
calculated using the law of mass action, 

Aig) + B(g}^C(g) + Dig} 

[C][g] 

The value of Q decides whether the reaction is at equilibrium or 
not. 

At equilibrium, K 

For non-equilibrium process.Q ^ K 


when Q> K, reaction will favour backward direction and when 
Q<K,it will favour forward direction. 

Answer the following questions: 

1 . The reaction quotient g for: 

■ N 2 (g) + 3H2(g)T=^2NH3(g) 

. . . ^ [NHjf 

IS given by 0 = -i—Li—. The reaction will proceed in 
[N 2 ][H 2 f 

backward direction, when: 

(a) e=x, (c)e>x, (d)o=o 

2. For the reaction: 

2A+B^^3C at298K,X^ = 49 
A 3L vessel contains 2, 1 and 3 moles of A,B and C 
respectively. The reaction at the same temperature: 

. (a) must proceed in forward direction 

(b) must proceed in backward direction 

(c) must be in equilibrium 

(d) cannot be predicted 

3. In a reaction mixture containing H 2 , N 2 and NH 3 at partial 
pressure of 2 atm, 1 atm and 3 atm respectively, the value of 
Kp at 725 K is 4.28 x 10”^ atm”^. In which direction the net 
reaction will go? 

N 2 (g) + 3H2{g)^2NH3{g) 

(a) Forward 

(b) Backward 

(c) No net reaction 

(d) Direction cannot be predicted 

4 . In the following reaction: 

2 S 02 (g) + 02 (g) ^ 2 S 03 (g) 
the equilibrium is not attained. The rate of forward reaction is 
greater than that of backward reaction. Thus, which of the 
following is the correct relation between and Qp? 

i^)Kp=Qp (h)Qp>Kp- {c)Qp<Kp id)Kp=Qp = l 

5. In the reaction: 

, PCl5(g)^Pa3(g) + Cl 2 (g) 
a graph is plotted to show the variation of rate of forward and 
backward reactions against time: 

Which of following is correct? 



Q>K Q=K 

(a) 3 2 

(b) ^ 1 2 

(c) 2 3 

(d) 2 1 


Q<K 

1 

3 

1 

3 
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• Passages 

In a reversible chemical reaction, the rate of fopvard reaction 
decreases and that, of backward reaction increases with the passage 
of time; at equilibrium the rate of forward and backward reactions 
become same. 

Let us consider the formation of SO^ in the following reversible 
reaction: 

»’ 

2SO^(g) + 02ig)^2SO,{g} 

Following graphs are plotted for this reaction: 

Graph 1 



Time 


Graph 2 



Graph 3 



Answer the following questions: 

1. In the graph (1), A, B and C respectively are: 

(a) SOj, SOj and Oj (b) SO 3 , O 2 and SO 2 

(c) SO 2 , O 2 and SO 3 (d) O 2 , SO 2 and SO 3 

2. In the graph (1), the equilibrium state is reached at: 

(a) ti (b) t 2 (c) tj (d) f 

3. The graph (2) teUs us that: 7 

(a) the reaction is irreversible 

(b) the reaction is reversible 

(c) the reaction is exothermic 

(d) the reaction is endothermic 

4. The graph (2)'tells us that: 

(a) equilibrium is never achievable 

(b) equilibrium is achieved after the concentrations of 
reactants and products become equal 

(c) equilibrium is achieved before the concentrations of 
reactants and products become equal 

(d) none of the above 

5. From the graph (3), it can be interpreted that: 

(a) equilibrium is achieved at X 

(b) reaction is nearer to the completion 

(c) AG = 0atX . 

(d) all of the above 



Passage!. h. (a) 

Pa^^ Z 1. (d) 

Passages. 1. (c) 

PasK^e 4. 1. (c) 

Passages. 1. (a) 


2. (b) 

3. (a) 

2. (b) 

3. (d) 

2. (d) 

3. (b) 

2. (a) 

3. (b) 

2. (c) 

3. (b) 


4. (b) 

5. (c) 

4. (c) 

5. (b) 

4. (a) 

5. (d) 

4. (c) 

5. (a) 

4. (c) 

5. (d) 
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<@> Self Assessments^ 

ASSIGNMENT NO. 9 



SECTiON-l 


Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 


1 . 


By applying the law of mass action, the equilibrium constant 
K for the reaction; ' 

HT + H20^=^ H|0+[CET(J&K) 20071 

[HTllHjO] 


[A-][EA] 


[H 20 ][H 30 ^] 


2. For the reaction, 

N 2 (g) + 3 H 2 (g) 2 NH 3 (g) + Heat 

When temperature increases: [PIVIT (Haryana) 2007] 

(a) formation of NHj increases 

(b) formation of NH 3 decreases 

(c) concentration of N 2 decreases 

(d) concentration of Hj decreases 

3, For the reaction 1 g mole of CaC 03 is enclosed, in 5 L 
container 

CaC 03 (s)^=^ CaO(s)+ COjCg) = 116atm at 
1073 K then percentage dissociation of CaC 03 is: 

(a) 65% (b)100% (c)6.5% (d)zero 

. 4. The activation energy for forward and backward reactions are 
50 kJ / mol and 40 kJ / mol respectively. If Ki and K 2 are the 
equilibrium constants of reaction at temperature 7^ and T 2 
respectively and Tj > Fj then; 

(&)K,<K2 {h)K,=K2 {c)K,>K 2 (d)K2=Kl 


[Hint: A7f =£y--F'j = 50,-40 = 10 kJ/mol. In endothermic 
reactions, equilibrium constant increases with increase in 
temperature.] 

5. Given, X{g)nY(g). 

If degree of dissociation is a, then of the reaction in a 
vessel of 1 litre is; 

. , «a” ... na , .(naf ,,, (na)" 

(a) - (b) - (c) ^ (d) -L— L. . 


6 . Consider the following equation in a closed container, 

N 204 (g)^ 2 N 02 (g) 

at a fixed temperature, the volume of the reaction container is 
halved, for this change, which of the following statement 
holds true regarding the and degree of dissociation ‘a’: 

(a) neither Kp nor a changes 

(b) both Kp and a change 

(c) Kp changes but a does not change 

(d) Kp does not change but a changes 

7. The reaction, A (g) + 5 (g) C(g) + D(g) is studied in a 

vessel of one litre at 250P C. The initial concentration of A was 
3x and that of B was x. At equilibrium, concentration of C was 


found to be equal to the equilibrium concentration of B. What 
is the concentration of D at equilibrium: 

(a)| (b)3x-i (c)x-i (d)x 

SECTION-II 

Multiple Answers Type Objective Questions 

8 . Equilibrium constant does not depend on: 

(a) catalyst (b) temperature 

(c) pressure (d) inert gas 

9. Which of the following reactions have Kp < K^7 
{a)H 2 (g) + l 2 (g)^ 2 Hl(g) 

(b) CO(g) + Cl 2 (g)^COCl 2 (g) 

(c) 2BrCl(g) ^ Brj (g ) + Clj (g) 

(d) N 2 (g) + 3H2(g)^2NH3(g) 

10. Which of the following reactions are not affected by inert gas 
addition? 

(a) N 2 (g)+ 02 (g)^ 2 N 0 (g) 

(b) 2S02{g)+02(g)^2S03(g) 

(In a rigid container of constant volume) 

(c) PCl3(g)+Cl3(g)^PCl5(g) 

(d) CO(g) + 2H2(g) ^ CHjOHfg) 

11. Which of the following are not affected by pressure change? 

(a) CaCOj(s) CaO(s) + C 02 (g ) 

(b) 2NaN02(i)+ Ojfg)^ 2 NaN 03 (j) 

(c) NH 2 COONH 4 (s)^ 2 NH 3 (g) + COjfg) 

(d) C(s)+ H20(g)?=^ CO(g)+ H 2 (g) 

12. The reaction, 

2 SO 2 (g) + O 2 (g) 2 SO 3 (g) (Exothermic) 

will shift in forward direction by: 

(a) adding SO 3 at constant volume 

(b) increasing volume of container 

(c) adding SO 2 at constant volume 

(d) adding inert gas at constant volume 

SECTION-fll 

Assertion-Reason Type Questions 

This section contains 5 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement-1 is tme; statement-2 is true; statement-2 is a 
correct explanation for statement- 1 . 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement- 1 . 

(c) Statement-1 is tme; statement-2 is false. 

(d) Statement-1 is false; statement-2 is tme. 

13. Statement-1: The value of equilibrium constant depends on 
the stoichiometry of the equation. 

Because 
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Statement-2: The value of equilibrium constant does not 
change when the equation is multiplied or divided by a 
number. 

14. Statement-1: for all reactions. 

Because 

Statement-2: K„ and K. are interrelated by the equation 
Kp=K,(RTf^. 

15. Statement-1: Catalyst does not change the position of 
equilibrium. 

Because 

Statement-2: Catalyst only changes the equilibrium time. 

16. Statement-1: Free energy of both reactants and products are 
minimum at equilibrium. 

Because 

Statement-2: The free energy of reactants and products 
decreases with passage of time and become equal at 
equilibrium. 

17. Statement-1: Addition of inert gases at equilibrium will 
support the dissociation of PCI 5 at constant temperature. 

Because 

aatement-2: The addition of inert gas at constant volume will 
not affect the equilibrium. 

SECTION'IV 

Matrix-Matching Type Questions 

This section contains 4 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in List-I have to be matched with 
statements (p, q, r and s) in List-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are {a-p,s); (b-q,r); {c-p,q) and (d-s), 
then correct bubbled 4x4 matrix should be as follows; 


a 


b 


c 


d 


p q r s 


0 

© 

© 

e 

© 

0 


0 

0 

0 

© 

© 

© 

© 

© 

e 


18. Match the List-I with List-II: 

List-I 




(b)^ 2 {g)- 


■B(g)+C{g) 

-2A{g) 


List-II 

(p)a = 


]lRp + 4F 


(q)a = . 


(c)Pas(g)^PCl3(g)+Cl2(g) (r)M„ 




IF + K^ 


M„ 


1-i-a 


(d)N204te)^2N02(g) 


(s) Forward shift on 
decreasing the 
pressure 


19. Match the List-I with List-II: 

List-I List-II 

(Mathematical process) (New equilibrium constant) 

(a) Divided by « (p)iC'' 

1 .n:: 

(b) Multiplied by n (q) - 


(c) Reaction is reversed 

(d) n-equations are added 


K 

{t)KiXK^xK, x...xK„ 

{s)iKf” 


20. Match the List-I with List-II for the following reaction; 


NH4HS(5)^ 

List-I 

(a) Partial pressure of 
NH 4 HS(s) 

(c) Total pressure at 
equilibrium 

(d) 


NH3 (g)+H2 S(g) 

List-II 

W Pnh 3 ^.PHaS 
(q) PnHj + i^H2S 

(s) Zero 





1. (b) 2. (b) 3. (c) 4. (a) 

9. (b.d) 10. (a,b) 11 , (a,b,c) 12. (a,b) 

17. (b) 18. (a-q,r,s) (b-p,q,s) (c-q, r,s) (d-p,s) 

20 . (a-s) (b-p) (c-q) (d-r) 


5. (d) 6 . (d) 

13. (c) 14. (d) 

19. (a-s) (b-p) (c-q) (d-r) 


7. (a) 
15. (a) 


8 . (a, b, d) 
16. (a) 
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IONIC CQUIUBRIUM 



10.1 INTRODUCTION 

The compounds which give ions either in molten state or in 
solution are called electrolytes. In the solid state they are bad 
conductors, but become good conductors either in the molten 
state or in solution. 

There are two types of electrolytes: 

(1) Strong electrolytes; These electroljdes are almost 
completely ionised when dissolved in a polar medium like water. 
In solution they are excellent conductors, e.g., HNOj, HCl, 
KOH, NaOH, etc. Their degree of ionization is high and 
approaches unity. 

(2) Weak electrolytes: These are not completely ionized 
when dissolved in a polar solvent and they behave as poor 
conductors of electricity, e.g., CHj COOH, Hj PO 4 , H 3 BOj, 
NH 4 OH, etc. Equilibrium between ions and unionised molecules 
is established in solution,-e.g., 

CHjCOOH^F^^ CH3COO + 

The above equilibrium is termed as ionic equilibrium. Degree of 
ionization of weak electrolytes is much less than unity. 

Degree of ionization ‘a’ may be defined as a fraction of total 
number of molecules of an electrolyte which dissociate into ions. 

% ionization 

a =- 

100 

_ Number of molecules dissociated as ions 
Total number of molecules of electrolyte dissolved 

The , following classification of electrolytes is based on their 
behaviour in a particular solvent, i. e ., water. 


Solutions (aqueous) 

I ^ :i 

Conducting (solutions of Non-conducting (solutions of 

electrolytes, i.e,acids, bases non-electrolytes such as urea, 

and salts) glucose, sugar, glycerine, etc.) 


Strongly conducting (solns. of Weakly conducting (solutions 
strong electrolytes which of weak electrolytes which 
ionise almost completely in water slightly ionise in water such as 
such as HCl, H2SO4, HNO3. CH3COOH, NH4OH, H3PO4, 
NH4CL NaCl, NaOH, KOH, etc.) HCN, etc.) 

However, an electrolyte may behave as a strong one in aqueous 
solution, but it may behave as a weak one in another solvent. For 
example, sodium chloride behaves as a strong electrolyte and 
acetic acid as a w'eak electrolyte when dissolved in water but their 
conducting abilities are comparable in liquid ammonia solvent. 

10.2 OSTWALD’S DILUTION LAW 

According to Arrhenius theory of electrolytic dissociation, the 
molecules of an electrolyte in solution are constantly splitting up 
into ions and the ions are constantly reuniting to form unionized 
molecules. Therefore, a dynamic equilibrium exists between ions 
and unionized molecules of the electrolyte in solution. It was 
pointed out by Ostwald that like chemical equilibrium, law of 
mass action can be applied to such systems also. 

Consider a binary electrolyte AB which dissociates into 
and ions and the equilibrium state is represented by the 
equation; 
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AB ^f=^A^ +B~ 

Initially f = 0 C ® ® 

At equilibrium C (1 - a) ’ Ca Ca 

So, dissociation constant may be given as: 

^_ [A^][Bn _ CaxCa 

[AB] C(l-a) 

, _ Ca^ 

( 1 -a) 

For very weak electrolytes, 

a <<<l,(l-a) = 1 
K = Ca^ 



a = 4 kTc ... (ii) 

Concentration of any ion = Ca= -JCK. 

From equation (ii), it is clear that degree of ionization 
increases on dilution. 

Thus, degree of dissociation of a weak electrolyte is 
proportional to the square root of dilution. 

Limitations. of Ostwald’s dilution lawt The law holds 
good only for weak electrolytes and fails completely in the case 
of strong electrolytes. The value of ‘.a’ is determined by 
conductivity measurements by applying the formula A/ A^. The 
value of ‘a’ determined at various dilutions of an electrolyte 
when substituted in eq. (i) gives a constant value of AT only in the 
case of weak electrolytes like CH 3 COOH,<!to 4 OH, etc. The 
cause of failure of Ostwald’s dilution law in the case of strong 
electrolytes is due to the followirig%ctors: •• 

(i) the law is based oh'the, 4 fact that only a portion of the 
electrolyte i^ dissociated into ions at ordinary dilution and 
completely at infinite dilution. Strong electrolytes are almost 
completely ionised at all dilutions and A/A„ does not give 
accurate value of‘a’. 

(ii) When concentration of the ions is very high, the presence 
of charges on the ions appreciably affects the equilibrium. Hence, 
law of mass action in its simple form cannot be strictly applied in 
the case of strong electrolytes. 


::; !!!> fOoME Solved Examples^ 122;::; 


Example 1. A 0.01 M solution of acetic acid is 5% ionised 
at 25° C. Calculate its dissociation constant. 

Solution: According to Ostwald’s dilution law. 


(l-a)F 


a = 0.05, V-- 


1 


Hencei 




0.01 
0.05x0.05 _ 
(1-0.05)100 ~ 


: 100 litre 


2.63x10' 


Example!. Calculate the H* ion concentration of a 
0.01 N weak monobasic acid. The value of dissociation constant 
w 4.0x10'*®. 


Solution: a4;i=^H^+.4' 

Applying Ostwald’s dilution law for a weak acid, 

= 4.0 X 10'*®, F = -i- = 100 litre 

0.01 

a=-^4xl0'‘® xlO^ = 2 x 10 ''* 


Concentration of hydrogen ions 
_a 2 x 10 "* 
100 


= 2x10'® 


mol L ’ 


or concentration of hydrogen ions 


= = ^0.01x4x10'*® = 2 x 10 ”® molL'* 

Example. The concentration of ions in 0.10 M 
solution of a weak acid is 1.0x10'^ mo/i~*. Calculate the 
dissociation constant of the acid. 


Solution: }M ;f=^ H+ + A^ 

Initial concentration 0.1 0 0 

Equilibrium concentration 

(molL"') 0,1-1.0x10"^ ■ 1.0x10"’ 1.0x10"’ 

[H:4] canbetakenasO.l Mas 1.0x10'® isverysmall. 

Applying law of mass action, 

K _ [H^][.4'] _ l.OxlO'® x 1.0x10'® 

“ ” [tt 4 ] “ 0.10 

= 1x10'^ 

fExample 4. What will be the dissociation constant of O.IM 
aqueous ammonia solution in terms of degree of dissociation 
''a.'? What will be the value if the concentration is O.QIN? 

Solution: Ml 40 H;F==^NHt+OH' 

At equilibrium (1 - oe) o a 

Since, the solution is 0.1 iV, 

F = -i- = 10 litre 

0.1 

[NH 4 bH] = ^i^, [NH/] = — and [OH'] = — 

4 10 ■ ^ 10 f 10 

Applying law of mass action, 

a a 

^ _ [NH:][QH-] _ 1^^iB _ 

* [NH4OH] 1^ 10(1-a) 

10 

For 0.01 N solution, A'j remains the same at the same 
temperature but degree of dissociation value becomes different. 

Examples. A Q.OXIZN solution of acetic acid has A = \A 
mho equiv~^ and A„ =391 mho eq~' at 25°C. Calculate the 
dissociation constant of the acid. 
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Solution: Degree of dissociation, 

a= — = il = 3.58x10’^ 

391 

[1 - a ——> 1 as a is very small] 
Now applying Ostwald’s dilution law, 


“ •(l-a)F 

a = 3.58x10'^ and F = litre 

0.0128 

So, =3.58x10^^ X 3.58x10“^ X 0.0128=1.64x10- 


fOj COMMON ION EFFECT 

Let AB be the weak electrolyte. Considering its dissociation, 

ab^=^a^+b~ 

and applying law of mass action, we have 

kJ-£M3 

[AB] 

The equilibrium constant, Jfjhas a definite value at any given 
temperature. If now another electrolyte furnishing the A * and B~ 
ions be added to the above solution, it will increase the 
concentration of either /I* ions or B^ ions (whichever has been 
added) and in order that K may remain constant, the 
concentration of AB must increase, Le., the equilibrium will shift 
to the left hand side. 

In other words, the degree of dissociation of an electrolyte 
(weak) is suppressed by the addition of another electrolyte 
(strong) containing a common ion. This is termed as common 
ion effect. Acetic acid is a weak electrolyte and its .ionisation is 
suppressed in presence of a strong acid (H”^ ion as common ion) 
or a strong salt like sodium acetate (acetate ion as common ion). 
Similarly, the addition of NH 4 CI or NaOH to NH 4 OH solution 
will suppress the dissociation of NH 4 OH due to common ion 
either NHj or OH ". 

As a result of common ion effect, the concentration of the 
ion not in common in two electrolytes, is decreased. The use of 

this phenomenon is made in qualitative analysis to adjust 
concentration of ions in second group and OH- ion 
concentration in third group of analysis. 




)LVED Examples) 




Example 6. The ionisation constant of HCN is 4 x 10"'°. 
Calculate the concentration of hydrogen ions in 0.2M solution of 
HCN containing 1 mol £“* of KCN. 

Solution: The dissociation of HCN is represented as 

• HCN^=^;H'^+CN- 


Applying law of mass action, 


[H^][CN-] 

[HCN] 


or [Hn = 


_ K, [HCN] 


In presence of strong electrolyte, the total CN- concentration 
comes from KCN which undergoes complete dissociation. It is 
further assumed that dissociation of HCN is very-very small and 
the concentration of HCN can be taken as the concentration of 
undissociated HCN. 

Thus, [HCN] = 0.2Mand[CN-] = lM 
Putting these values in the expression 

[CN-] 1 

Note: When KCN is not present, the [H'* ] concentration is equal to 
i.&, = 8.94 X 10"® mol L"‘. This shows 

that concentration of ions fells considerably when KCN is 
added to HCN solution. 

^^^^xample 7. Determine the concentration of hydroxyl ions 
in QAMNH 4 OHsolution having (i) no ammonium chloride md 
(«■) 5.35g ofNH^Cl in a litre of the solution. Ionisation constant 
o/7Yi/40//wl.8xlO-^ 

Solution: (i) Let ‘a’ be the degree of dissociation of 
NH 40 Hin absence of NH 4 CI. 


So, [OH- ] = Ca = 4^ = •,/l .8 x 10"® x 0.4 

= 2.68x10"^ molL"’ 

(ii) In presence of NH 4 Cl, 

[NH 4 ]=|j^= 0 . 1 M and [NH 4 OH] = 0.4M 

So K^[NH 4 QH] _ 1.8x 10~^ x 0.4 

[NH;] ~ 0.1 

= 7.2x10"^ molL"' 

I^^SExamplc 8 . When 0.100 mole of ammonia, NH^, is 
dissolved in sufficient water to make 1.0 Z, of solution, the 
solution is found to have a hydroxide ion concentration of 
1 .34 x 10“^ M. Calculate K ^ for ammonia. 

Solution: 


+ H,0; 


At equilibrium (0.100 - 1.34 x 10--^) M 


= 0.09866M 


1.34 X 10"^ M 

+ OH“ 

1.34 X 10-2 


[NH; ][0H- ] 1.34 X 10"^ X 1.34 X 10" 


[NH 3 ] 0.09866 

r;.’ Example 9. .K^ for HA is 4.9 xlO"*^. After making the 
necessary approximation, calculate for its decimolar solution 
(a) %> dissociation 
{b) H* ion concentration. 

Solution: (a) For a weak electrolyte, 

l4.9x 10"* „ , 


: 1.8199x10" 


[CN"] 
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(b) 


% dissociation ^ 


EA 


lOOxa = 100x7x10“ 
= 7x10"^ 


C (1 - a) 


Ca 


+ A~ 


Ca 


[H^] = Cxa = 0.1x7x10"' =7x10”^ mol L“' 


latnple 10. Nicotinic acid (.^ 3 = 1 . 4 x 10 ^) is 
represented by the formula HNiC.. Calculate its per cent 
dissociation in a solution which contains 0.10 mole of nicotinic 
acid per 2 litre of solution. (IIT 1993) 

Solution: Initial concentration of the nicotinic acid 

0.10 ^ nr- IT -1 


: 0.05 mol L“ 


HNiC ^ 
(0.05-x) 


H^ + NiC“ 


Equilibrium cone. 

As X is very small, (0.05 - x) can be taken as 0.05 


or 

or 


[H^][NiC-] _ xxx 
[HNiC] 0.05 


=(0.05) X (1.4 X 10“=) 


Ka = 

1 


■■ 0.83 X 10“^ mol L“ 


®/odisa)ciation = 


0.83 X 10 
0.05 


-3 


X100= 1.66 


Alternative method: Let a be the degree of dissociation 


HNiC 


H"' + NiC“ 


At equilibrium 


0.05(1-a) 0.05 a 0.05 a 

0.05a X 0.05a 


0.05(1-a) 

As a is very small, (1 - a)-> 1. 

So, 1.4x10'^ =0.05a^ 


or 


a ; 


1.4x10“ 

0.05 


= 1.67x10" 


Per cent dissociation = 100 x a = 100 x 1.67 x 10 ^ 

= 1.67 

l^^lgaiiiple 11. At 30°C, the degree of dissociation of 
0.066 M HA is 0.0145. What would be the degree of dissociation 
of 0.02 M solution of the acid at the same temperature? 

Solution: Let the ionisation constant of the acid be 
Degree of dissociation at 0.066A/concentration = 0.0145. 


Applying 


a = 


0.0145 = 




0.066 


... (i) 


Let the degree of dissociation of the acid at 0.02 M 
concentration be a,. 


a, 


0.02 


... (ii) 


Dividing eq. (ii) by eq. (i). 


a, 


0.0145 


1 0.066 
' V 0.02 


1.8166 


or 


a, =0.0145x1.8166 = 0.0263 


l^^pllpie' 12 . A solution contains 0.1 M HjS and 0.3 M 
HCl. Calculate the concentration of S^~ and HS~ ions in 
solution. Given and for HjS are 10 "’ and 1.3x10"'^ 


respectively. 

SolntioB: 


Further 


H,S^H^ +HS“ 


K„. = 


[H^][HS“] 

[H^S] 

= H^ +S’“ 
_[H^][S’"] 


[HS"] 

Multiplying both the equations 


K 


"2 


(IIT 1992) 


...(i) 






[HjS] 


Due to common ion, the ionisation of H 2 S is suppressed and 
the [H"^ ] in solution is due to the presence of 0.3 MHCl. 

xAT^JHjS] 1.0x10"’ x 1.3x10"'^ x(O.l) 


[S^^] = 


^ I 

[H"f 


(0.3)" 


a .44x10"’® M 


Putting the value of [S’" ] in eq. (ii), 

„_i 3 0.3x1.44x10“’® 


1.3x10" 


or 


[HS"]: 


[HS-] 

0.3x1.44x10“’® 

1.3x10"'^ 


3.3x10"'’ M 


Sple 13. What is the //’’’ ion concentration of a 
solution known to contain 0. Ig moleofCH^COONH^ in one litre 
ofO.XMCH^COOH? Assume effective ionisation of ammonium 
acetate is 80%.A(„ for acetic acid is 1.8 x 10 "^. 


Solution: 


CH 3 COOH; 

m-x) 


^^iCH.COO" +H^ 




[CH3C00“][H^] 


[CH 3 COOH] 

The solution also contains CH 3 COONH 4 which is 80% 
dissociated, i.e., a = 0.8. Thus, the acetate concentration 
provided by O.IMCH 3 COONH 4 = O.lx 0.8 = 0.08M 


K„ 


Total 
So, 

As .r is very small, (0.1 - x) - 

K„ = 


[CH 3 COO"] = (0,08 + j:)M 
(0.08+ x)x 


(0.1-x) 

-> 0.1 and neglecting x’, 


0.08 X 

' 0.1 
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or 


1 . 8 x 10 "^ x0.1=0.08x 


, 1.8x10 X 0.1 ^ , 

or x = [H ] =-= 2.25x 10 ^ molL ' 

0.08 

14. Ostwald obtained the following table by 
determining the equivalent conductivities containing one gram 
equivalent of acetic acid in V litre. If the equivalent conductivity 
of acetic acid at infinite dilution be 364, show that the results are 
in agreement with Ostwald's law. 

Volume in litre (F) Equivalent conductivity 
8 4.34 

64 12.09 

128 16.99 

Solution: Degree of dissociation, a 




(i) 

(ii) 

(iii) 


a, 


a- 


a. 


4.34 _ 
364 ’ 
12.09 
364 
16.99 
' 364 


: 0.0119 
= 0.0332 
= 0.0467 


Now applying Ostwald’s dilution law, 


(i) 

(ii) 


K =“i 


0,0119x0.0119 


F. 8 


1.77x10”^ 


K„ 


a 


0.0332x0,0332 , = 

- = 1.72x10 ^ 


64 


(iii) 


a] _ 0.0467x0.0467 
' F, ~ 128 


1.70 X 10* 


The values of are nearly the same which show the validity 
of Ostwald’s dilution law. 

15. Calculate the dissociation constant of 
// 2 C 2 O 4 (oxalic acid)if 0.02 M solution is 2% dissociated. 

Solution: H 2 C 2 O 4 2 H''+C 20 f 

C(l-a) 2Ca Ca 


K„ 


[H'^f[C20r] 

[H2C2O4], 

(2Ca)^ X (Ca) ' 


4C^a^ 


C(l-a) 

[ 1 -a las a is small] 


= 4e^a^ 


1-a 

3 

= 4x0.02x0.02x(0.02)^ 
= 1.28x10** 




1. A monoprotic acid in 0.1 M solution ionizes to 0.001%. Its 
ionisation constant is; 

WlxlO*" (b)lxlO*'’ (c)lxl0** (d)lxl0*‘‘ 


2 . 


[Ans. 

[Uuit; 


(d)] 


= j^ or ^„=ax^ = 0 . 1 .x [Ml] 

VC “ I 100 j 

= 1x10""] 

The hydrogen ion concentration in mol/dm^ in 0.2 M solution 
of weak acid, HA (K^ = 2 x 10“^) is close to; 


(a) 2 x 10 *= 
[Ans. (c)] 
[Hint: [HjO' 


■ (b) 2 X lO*” (c) 2x10"^ (d) 2 x 10* 


= = 3/0.2x2x10*= = 2x10*^] 


3. Autoprotolysis constant of NHj is; 

(a)[NH;][NH 3 ] {b)[NH^ ][NH 3 ] 

[NH^j 


(c)[nh;][nb5] 


(d) 


[NHil 

[Ans- (c)] 

pint: Autoprotolysis of NH 3 takes place as: 

2NH3 ^ NH; + NHj 
Autoprotolysis constant = P 4 H 4 ][NH 2 ] ] 

4. The degree of ionization of an acid is 0.00001 at 0.1 M 


concentration. Its dissociation constant will be; 


(a) 10 *’ (b) 10 ** (c) 10 *“ 

[Ans. (c)] 

[Hint: For monoprotic acid H^; 


(d) 10 ” 


= Ca^ = 0.1 X (10*=)" = 10*" ] 

5. The first and second dissociation constants of an acid, H 2 . 4 , 
are 1,0x10*= and 5.0x10*'° respectively. The overall 
dissociation constant of the acid will be; (.AIEEE 2007) 


(a) 0 . 2 x 10 ^ 

(c) 5.0x10**= 
[Ans. (c)] 

pint: K, 


(b) 5.0x10“= 
(d) 5.0x10*= 


--Ka, 


= 1 x 10*= X 5 X 10*“* 

= 5xl0*‘=] 

SOLUBILITY PRODUCT 

If to a given amount of solvent at a particular temperature, a 
solute is added gradually in increasing amounts, a stage is 
reached when some of the solute remains undissolved, no matter 
how long we wait or how vigorously we stir. The solution is then 
said to be saturated. A solution which remains in contact with 
undissolved solute is said to be saturated. At saturated stage, 
the quantity of the solute dissolved is always constant for the 
given amount of a particular solvent at a definite temperature. 

In case, the solute is an electrolyte, its ionisation occurs in 
solution and degree of dissociation depends on the concentration 
of dissolved electrolyte at a particular temperature. Thus, in a 
saturated solution of an electrolyte two equilibria exist and can be 
represented as: 


AB ^ 
Solid 


AB 

Unionised 

(Dissolved) 


Applying the law of mass action to the ionic equilibrium, 
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[AB] 

Since, the solution is saturated, the concentration of unionised 
molecules of the electrolyte is constant at a particular 
temperature, i. e. , {AB] = K' = constant. 

Hence, ][5“] = K{AB] = KK' = K, (constant) 

is termed as the solubility product. It is defined as the 
product of the concentration of ions in a saturated solution of 
an electrolyte at a given temperature. 

Consider, in general, the electrolyte of the type A^By which is 
dissociated as: 

A^By ^=^xAy^ + yB^~ 

Applying law of mass action, 

{A^^nB^-y 

U.By] 

When the solution is saturated, 

[A^By'\ = K' (constant) 

or {A^^y[B^-y ^K[A^By] = KK' = K^ (constant) 

Thus, solubility product is defined as the product of 
concentrations of the ions raised to a power equal to the 
number of times the ions occur in the equation representing 
the dissociation of the electrolyte at a given temperature 
when the solution is saturated. 

[Note: Solubility product is not the ionic product under all conditions 
but only when the solution is saturated,] 

Different Expressions for Solubility Products 

(i) Electrolyte of the type ABi Its ionisation is represented 

■ AB^^A'" +B~ 

Thus, . K, =M''][5'] 

AgCl^Ag"+Cr; K,=[Ag^][Cr] 

BaS04 Ba][SO^ ] 

(ii) Electrolyte of the type AB 2 I Its ionisation is 
represented as: 

AB2^^A^* +2B~ 

Thus, K,=[A^^][B-y 

PbCl 2 + 2Cr ; K, = [Pb^’" ][Cr 

CaF2 Ca^"" + 2F“ ; K, = [Ca^^][F' 

(iii) Electrolyte of the type A 2 B: Its ionisation is 
represented as: 

A2B^^2A^ +B^- 
Thus, K,=-[A^y[B^-] 

Ag2Cr04^2Ag^+CrO^ ; = [Ag" ]'[CrO^-] 

H2S^^2H^+S^-; if, =[H^]^[S^“] 


(iv) Electrolyte of the type Its ionisation is 

represented as: 

^ 2^3 2 ^^-"+35^- 

Thus, K,=[A'^^y[B^-y 

AS2S3 ^=^2As^ + 3 S^“ ; if, =[As^'']^[S^“]^ 

Sb 2 S 3 ;F=^ 2 Sb^''+3S^-; if, =[Sb^''] 2 [S^“]^ 

(v) Electrolyte of the type AB^i Its ionisation is 
represented as: 

AB 2 +35" 

Thus, .^f, 

Fe(OH )3 ^^^Fe^"" +30H" ; if, =[Fe^''][OH"]^ 

AII 3 ;f=^A 1^''+31" ; if, =[Al^‘^][r]^ 

Solubility product of a weak electrolyte: Let degree of 


ionisation of weak electrolyte A 


c‘a'. 



mA''* 

+ nB'”' 

/ = 0 

S 

0 

0 

^eq 

S - Sa 

mSa 

nSa 


K^=[A"^r[B'”-r 
= [/n5a]'"[n5a]'' 
K^=m'”n’' {SaT*" 


Criteria of precipitation of an electrolyte: A very useful 
conclusion is derived from the solubility product concept. No 
precipitation of the electrolyte occurs if the ionic product is less 
than the solubility product, i. e ., the solution has not reached the 
saturation stage. 

Case I: When ifjp <if,p, then solution is unsaturated in 
which more solute can be dissolved! 

Case II: When =K^, then solution is saturated in 
which no more solute can be dissolved. 

Case ni: When A!jp > K^, then solution is supersaturated 
and precipitation takes place. 

When the ionic product exceeds the solubility product, the 
equilibrium shifts towards left hand side, t.e„ increasing the 
concentration of undissociated molecules of thd^ electrolyte. As 
the solvent can hold a fixed amount of electrolyte at a definite 
temperature, the excess of the electrolyte is thrown out from the 
solution as precipitate. 

Thus, for the precipitation of an electrolyte, it is necessary 
that the ionic product must exceed its solubility product. For 

example, if equal volumes of 0.02 M AgN 03 solution and 0.02 M 
K 2 Cr 04 solution are mixed, the precipitation of Ag 2 Cr 04 
occurs as the ionic product exceeds the solubility product of 
Ag 2 Cr 04 which is 2 x 10 “*^. 

In the resulting solution, 

[Ag’"] = —= 0.01=1x10"^ M 
2 

T 0 02 -I 

[CrQ4" ] = ^ = 0.01 = 1X 10"^ M 


and 
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Ionic product of Ag 2 Cr 04 = [Ag ^ [CrO^ ] 

= (lx 10 “^)^ (lx 10 “^)' 

= 1 x 10 "® 

1 x 10 "® is higher than 2 xl 0 "‘^ and thus precipitation of 
Ag 2 Cr 04 occurs. 

^ IOWDO ^^SI^p OWiliWn ^l€wlllMII| y 8wg qO lUl i Wy WOCHiCI 

Salts like Agl, BaS 04 , PbS 04 , Pblj, etc., are ordinarily 
considered insoluble but they do possess some solubility. These 
are sparingly soluble electrolytes. A saturated solution of 
sparingly soluble electrolyte contains a very small amount of the 
dissolved electrolyte. It is assumed that whole of the dissolved 
electrolyte is present in the form of ions, i. e. , it is completely 
dissociated. 

The equilibrium for a saturated solution of any sparingly 
soluble salt may be expressed as: 

Thus, solubility product, K, = [A [5*" f 

Let ‘ S’ mol litre " * be the solubility of the salt; then 
A^By ^=±xA^^ +yB"~ 
xS yS 

So, 

= x^-y^ST^ 

0^ 1:1sallK Examples: AgCl, Agl, BaS 04 , PbS 04 , 
etc. 

Munyriedtralyte: +5" ■ 

s s 

Let solubility of AB be S mot litre"'. 

So, =[yl‘"][5"] = 5x5' = S^ 

or S = 

01^1:1 wr 2:1 t^|w salte Examples: Ag 2 C 03 , 
Ag 2 Cr 04 , PbCl 2 , CaF 2 , etc. 

Iktaaif dedralfte: AB. + 2B~ 

S 2S 

Let solubility of AB 2 be S mol litre"*. 

So, a:, =[^^^][5"]^ =5x(2S')^ =45^* 

or S = ^[kJa 

A,B^=^2A'^ +B^~ 

2S S 

Let S be the solubility of A 2 B. 

' ■. K,=[A*f[B^-] 

= (2Sf(S)=:4S^ 
or S=^.jKJ4 

pill : 3 srils: Examples: AII 3 , Fe(OH) 3 , Cr(OH) 3 , 
Al(OH) 3 ,etc. 

QwitenBKydteelralfte! AB-, +3B~ 

S 3S 


Let S mol litre * be the solubility of ^ 4 ^ 3 . 

K, = 5 rx( 3 S)^ = 275 '* 

or S = ^KJ27 

The presence of common ion affects the solubility of a salt. 
Let ^5 be a sparingly soluble salt in solution and ^ '5 be added to 
it. Let S and S' be the solubilities of the salt AB before and after 
addition of the electrolyte A'B. Let c be the concentration of A 'B. 

Before addition of A 'B, K, = S'^ ... (i) 


After addition of A'B, the concentration of ,4''' and B~ ions 
become S' and (S' + c), respectively. 

So, K,=S'(S' + c) ...(ii) 

Equating eqs. (i) and (ii), 

S^ =S'(S' + c) 

OdcobitiM of rcHnioii^ concentntioii after pr^i^i- 
tatiM: Sometimes an ion remains after precipitation if it is in 
excess. Remaining concentration can be determined, eg.. 


(0 N"]|eft = 


(iOLCa^^left = 


^sp im 
[R-] 

A:^[Ca(OH)2] 
[OH-f. 


(iii) 


n+iOT _^sp 





Percentage precipitation of an ion 

Initial cone. - Left cone. 
Initial cone. 


xlOO 


SinwitBiieoiis SiriidMty 

Solubility of two electrolytes having common ion; when they 
are dissolved in the same solution, is called simultaneous 
solubility, e.g ., 

(i) Solubility of AgBr and AgSCN, when dissolved together. 

(ii) Solubility of CaF 2 and SrFj, when dissolved together. 

(iii) Solubility of MgF 2 and CaF 2 , when dissolved together. 
Calculation of simultaneous solubility is divided into two 

cases: 

C*«I: When the two electrolytes are almost equally strong 
(having close solubility product), e.g., 

AgBr (K^=5x 10"" ); AgSCN {K^ = 10"*^) 

fSce enunpfe 2ik) 

Here, charge balancing concept is app’ied. 

Charge of Ag"^ = Charge of Br" + Charge of SCN 
[Ag"]= [Br-] + [SCN"] 

{a-yb)- a b 

CkcH: When solubility products of two electrolytes are 
not close, i. e ., they are not equally strong, e. g ., 
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CaF 2 (K^ = 3.4 x 10^" ); SrF^ (K^ = 2.9 x Ifl-" ) 
Most of fluoride ions come of stronger electrolyte. 

' ;!tS»t^S 0 ME Solved ExAMPiii\ 1; 4 


Example 16. The solubility product of silver chloride is 
1.5625 X 10"'® at 25°C. Find its solubility in g Z“'. 

Solution: Let the solubility of AgCl be S mol litre . 

A^l:^Ag^ +Cr 
s s 

Hence, 5^=1.5625x10"'® 


or 5 = 1.25x10"^ mol L"' 

Molecular mass of AgCl = (108 + 35.5) = 143.5 
So, Solubility in g litre"' = Mol. mass x S 


= 143.5x 1.25x 10"^ 

= 1.79x10"^ gL"‘ 

1 Example 17. The solubility of PbSO^ in water is 0.03S 
g it' at 25°C. Calculate its solubility product at the same 
temperature. 

Solution: Solubility (5) of PbS 04 in mol L"', 


0.038 

Mol. mass of PbS 04 


0.038 

303 


= 1.254x 10"" 


The equilibrium is 

PbS 04 ^Pb^" +SO^" 
s s 

So, K,=[?h^*][SOf]=^SxS = S^ 
or K, = 1.254 x 10“" x 1.254 x 10“" = 1.573 x 10"* 

' Example 18. The concentration of Ag* ion in a saturated 
solution of Ag 2 CrO^ at 20°C is 1.5 x 10“" mol Determine 
the solubility product of AgjCrOn at 20°C. 

Solution: The equilibrium is; 

Ag 2 Cr 04 ;;=^2Ag" + CrO^" 

On the basis of this equation, the concentration of CrO^" ions 
will be half of the concentration of Ag" ions. 

Thus, [Ag"] = 1.5xl0"" M and [CrO^] = 0.75x 10“" M 
Ks = [Ag ^ ]' [CrOf- ] = ( 1 .5 X 10 -^ (0.75 x 10^) 

= 1.6875x10"'^ 

Example 19. The solubility product of BaSO^^ is 
1.5 X 10"®. Find out the solubility in (i)pure water and {ii)0.lM 
BaCl 2 solution. 

Solution: The equilibrium is: 

(i) BaS 04 +SO^ 

Let S be the solubility in mol litre "‘; then 
r, =[Ba 2 "][SO^] = S' 

or 1.5xl0"’=S^ 

So, 5 = 3.87x10"’mol L"' 


(ii) Let S'be the solubility of BaS 04 in 0.1 MBaCl 2 solution. 
Total Ba^”^ ions concentration = (S' + c)mol L"* 
and Sp 4 " ions concentration = S' mol L"' 

So, ii:, =(5' + c)S'i 5 .(S' + 0.1)S' 

or 1.5x10"® = (S'+ 0.1) S' 
or (S')^+0.1S' = 1.5x10"® 

Neglecting (S')^, 

0.1S' = 1.5x10"® 

or S'= 1.5x10"* mol L"' 

IS- Example 20. The solubility of Mg{OH )2 in pure water is 
9.57x10“* gi"'. Calculate its solubility in gZ"' in 0.02 M 
MgfNO^ )2 solution. 

Solution: Solubility of Mg(OH )2 in pure water 
= 9.57xlO"*gL"' 


Further, 


9.57x10" 
Mol. mass 
9.57x10"' 
58 

Mg(OH)2 


■ mol L 


1.65x10"" nalL"' 


■Mg^" +20H" 


4 x3 


S IS 

/C, = [Mg*"][OH"f =Sx(2S)^ = 4S* = 4 X (1.65x10'“) 
= 17.9685x 10"'* 

Let S' be solubility of Mg(OH )2 in presence of Mg(N 03 )2 
[Mg*“] = (S' + c) = (S' + 0.02) 

[OH'] = 25' 

So, =(S' + 0.02)(2S')* 

17.9685 X 10"'* =4(S' )*(S' + 0.02) 


17.9685x10 


-12 


:(S')^ +0.02(5')* 

[neglecting (S')*] 


4.4921x10"'* =0.02(5') 

4.4921 in-i2 

or (S ) =-xlO * 

0.02 

or S' = 14.9868 x 10"® mol L"‘ • 

Solubility of Mg(OH )2 in g litre"' - S' xM 

= 14.9868x10"® x 58 
= 8.69xl0”"gL"' 

Example 21. The solubility product of lead iodide is 
1.4 X 10"*. Calculate its molar solubility in 0.1 MKIsolution. 
Solution: Let the solubility of Pbl 2 be S. Then, 

;Pb*“ +21“ 


v^2 


Pbl2^ 

S S IS 

Potassium' iodide is a strong electrolyte and is completely 
ionised. It shall provide I" ion concentration = 0.1 M. 
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K 


2 +^ 


:(2S + 0.1)M 
:[Pb^"][r]^ 
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Whole of the concentration of NH 4 ions is provided by 

^nh 40 h x[NH40H] 


NH 4 CI. 


= Sx(25' + 0.lf 
= S x(4S^ +0.01+0.45) 


45^+0.015+0.45' 


Neglecting 5 ^ and 5' 


1.4x10“* =0.015 


or 


1.4x10 

0 ^ 


-8 


1.4x10“® molL‘‘ 


\ Example 22. The solubility product of lead bromide is 
8 X 10”*. If the salt is S0% dissociated in saturated solution, find 
the solubility of the salt. 

Solution: Let 5 be the solubility of the salt. 

Degree of dissociation of the salt = 0.8. 

PbBrj 


Pb^^ + 2Br“ 


0 . 8 S 

=[Pb^"][Br 


2 x 0 . 8 S 

12 


= (0.85 )x (1.65)^ 
= 2.0485* 


or 


8x10“ 


r^-5 


2.048 


3.906x10' 

5 = ^3.906x10“* = 3.39 x 10“^ mol U 


-I 


Mol. mass of PbBr 2 = 367 

, Solubility of PbBr 2 = 3.39 x 10 “* x 367 = 12.44 g L"‘ 

te . Example 23. A solution has 0.05 M and 0.05 M 
NH'^. Calculate the concentration ofNH^Cl required to prevent 
the formation of Mg(OH )2 in this solution. ofMg(OH )2 
= 9.0 x 10“'* and ionisation constant ofNH^ = 1.8 x 10“*. 

(IIT 1993) 

Solution: The maximum concentration of [OH“ ] ions that 
will precipitate Mg(OH )2 is calculated by applying the equation 


^[Mg*"][OH-]* 


[OH“ Y 


sp 


[Mg*^] 




0.05 

or [OH“]=1.34xlO“* M 

NH 3 is present in solution in the form of NH 4 OH 
:NH 40 H^=iNH 4 +OH“ 

0.05 


NHj +H20^=^ 
ao5 


The ionisation of NH 4 OH is suppressed by the addition of 
NH 4 Cl (Strong electrolyte). 


-•^NH 40 H 


[NH; ][0H~ ] 
[NH 40 H] 


[NHJ]: 


[OH-] 

1.8x 10”*x0.05 
l,34x 10“* 


= 0.067 M 


[NH4C1] = 0.067 M 


i.e.. 

Example 24. The solubility product of Ag2C20,^ at 25°C 
is 1.29x10“” moY 17^. A solution of K2C20^ containing 
O.lSlOmole in 500mi of water is shaken with excess of 
till the following equilibrium is reached. 

Ag2C02 +K 2 C 2 O, ^Ag2C20, +K 2 CO 2 
At equilibrium, the solution contains 0.0358 mo/e of K 2 CO 1 . 
Assuming the degree of dissociation of 2^204 and K 2 CO 2 to 
be equal, calculate the solubility product of Ag2C02. (IIT 1991) 
SoluUon: 

■^82^03^ K.2C2O4 ' ^ 2^204 + K.2CO3 

0.1520 nx)le 0 

(0.1520 - 0.0358) 0.0358 mole 

= 0,1162 mole 

2 X 0.1162 
= 0.2324 M 


Initial 
At equilibrium 

Concentration 


2 X 0.0358 
= 0.0716 M 


K. Ag 2 C 204 =[Ag"]*[C 204 ^-] 


1 


[Ag"] = 


[C 2 OI] 


1/2 


^„Ag 2 C 03 =[Ag^]*[C 0 | 


So, 



or 


[C2or] 

^spAg2C03 


A:„Ag 2 C 204 X[C0r] 


[qo^] 

^:„Ag 2 C 204 


[K2C03] 

[K 2 C 204 ] 


= 1.29 X 10“" x = 3.97 x 10“'* mol* L”* 

0,2324 

Example 25. 20 mX o/O.OOl M AgNO^ solution is added 
to 1 litre of 0.002 M K 2 CrO,^ solution. Will there be any 
precipitation? K^p of Ag 2 CrO^ is 2.4 x 10“**. 


X 0.001 = 2x10” 


Solution: No. of moles of Ag^ in 20 mL 

20 
1000 

No. of moles CrO*“ in one litre = 0.002 = 2x10”* 
After mixing, total volume of the solution 

= 1000 + 20 = 1020mL = 1.02 L 
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[Ag ^ ] = = 1.96 X 10'^ 

1.02 

[CrQ^]= ^^^^ ^ =1.96xl0~^ 

1.02 

Ionic product = [Ag * [CrO^" ] 

= (1.96x10"^)^ (1.96x10-^) 

= 7.53xl0-‘^ 

There will be no precipitation of Ag 2 Cr 04 as ionic product is 
less than solubility product. 

Example 26. Calculate simultaneous solubility of AgCNS 
and AgBr in a solution of water. K^p of AgCNS = 1 x 10“'^, 

K,p of AgBr =5x10'^ f 

,Solution: Let the solubility of AgCNS and AgBr in water be 
a and b respectively. 

A^S^=^Ag"' +CNS“ 

a a 

AgBr;=iAg^ +Br“ 

b b 

[Ag'^] = a + Z;,[CNS“] = a and [Br“ ] = b 
/f .pAgCNS=[Ag^ ][CNS-] = fl(a + Z>) 

1x10“’^ =fl(a + b) ... (i) 

AgBr = [Ag"][Br^J = b(a + 6) 

5 X 10-'^ = bia + b) . ... (ii) 

Dividing eq. (i) by (ii), 

lxl0~’^ _ a 

5x10'*^ b 

2 = — or fl = 2b 
b 

Putting the value of a in eq. (i), 

6b^=lxl0-'^ 

b2=i.xl0‘‘^ 

6 

6 = 4.08x10^’mol L-‘ 

0 = 2x4.08x10"'^ 

= 8.16x10"’mol L"* 

Example 27. The K,p ofCaiOH)^ is 4.42 x, 10"’ at 15° C. 

500 ml of saturated solution of Ca{OH)2 is mixed with equal 
volume of 0.4 M NaOH. How much CaiOH)^ in mg is 
precipitated? (Ilf 1992) 

Solution: Let 5 be the solubility of Ca(OH )2 in saturated 
solution. 

Ca(OH),^Ca;*.20fr 

/:,Ca(OH),-[Ca=*llOH-f 

4.42x10"’=5x4S’=4S’ 


S = 0.0223 mol L"' 


After mixing the two solutions, the total volume becomes 
1 litre. 


[Ca’^] = 
[OH"] = 


X 500 = 0.01115 mol L"' 

1000 

0.0223x2x500 ^ 0.4 x 500 

1000 1000 


= 0.2223 mol L ‘ 


[From Ca(OH)2 ] (From NaOH) 


Under the high concentration of OH ions, some Ca(OH )2 
will be precipitated. 

[Ca’^]„ft[OH"]’=^(^ 

[Ca’^lieft = . = 8.94 X 10"'* mol L"‘ 

(0.2223)’ 

Moles of Ca(OH )2 precipitated = Moles of Ca’"'^ precipitated^^:: : r 

= [Ca’"]™Hai -[Ca’"],eft 
= 0.01115-8.94x10"“ 

= 111.5x10"“ -8.94x10"“ 


= 102.56 X10"“ M = 102.56 x 10"“ x 74 g 
= 7589.44 X 10"“ g = 758.944 mg 



6. The solubility product of sparingly soluble salt Ag 2 Cr 04 is 
4 X 10"*’. The molar solubility of the salt is; 

(a) 1X 10"“ mol L"‘ (b) 2 x 10"’ mol L“’ 

(c) lx 10"’molL"' (d)2xlO"*’molL"* 

[Ans. (a)] 

[Hint: ^r^=[Ag-^]’[CrO|"] 

Ifsolubilityof Ag 2 Cr 04 is‘S’,then[Ag^ ]= 25 and[Cr05 ]= 5. 
^,^=45’ 

4xlO"’^=4S’ 

5=1x10"“M] 

7. The solubility of PbS 04 at 25'’C is 1.1 x 10"“ mol/L, Then its 

^spis: 

(a) 1.21x10"* (b) 12.1x10"’ 

(c) 121x10"" (d) 1.21x10"'“ 

[Ans. (a)] 

[Hint; PbS 04 is a binary electrolyte, hence its can be 
calculated as: 

=5^ =[1.1x10"“]^ = 1.21x10"*] 

8. The solubility of CaF 2 (A,p = 3.4 x 10"" )in0.1 A/solution of 
NaF would be; 

(a) 3.4 X 10"*’ M (b) 3.4 x 10"'“ M 

(c) 3.4 X 10"“ A/ (d) 3.4 x 10"” M 

[Ans. (c)] 

[Hint: CaF, Ca^* + 2F" ’ 

x 2x 
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NaF-> Na"" + 

0.1 , O.i 

[Ca^'"] = x, [Fn = [2x+0.1]=0.1M 
^sp=[Ca'^][F~]' 

3.4xl0'‘" =x(0,l)^ 

x = 3.4xlO"’W] 

9. The solubility product of AgCl is 1.8 x 10“*®. Precipitation of 
AgCl will occur only when equal volumes of which of the 
following solutions are mixed ? 

(a) 10“'' Mkg* and 10“^ MCr 

(b) 10“’ MAg"' and 10"’ MCI" 

(c) 10“* Mkg* and 10“^ MCV 

(d) 10"'®MAg^ andl0"'°MCr 
[Ans. (a)] 

[Hint: After mixing, 

[Ag^] = -xl0“‘* = 5xl0“’M 
2 

[Cr] = ixlO''' = 5xlO"’M 
2 

^ip = [Ag"' ][cr ] = {5 X 10"’)^ = 2.5 X 10“® 

Since, ionic product is greater than solubility product, hence 
precipitation will take place.] 

10. If X mol L“‘ is the solubility of KA1(S04 >2, then is equal 

to: 

(a)x^ (b)4x‘' (c)x‘* (d)4x^ 

[Ans. (b)] 

[Hint: KA1(S04)2-> K"" + Al^”" + 2SOf 

X X 2x. 

A3p=[r][Al'"][SOl-]^ 

= X XX X {2x)^ = 4x‘'] 

11. For which of the following sparingly soluble salt, the 
solubility (S ) and solubility product (K^) are related by the 
expression: 

[k 

5 = —2. [PET (Kerala) 2006] 

4 J 

(a)BaS04 (b)Ga3(P04)2 (c)Hg2Cl2 (d)Ag3P04 

(e) CuS 
[Ans. (c)] 

[Hint: HgjClj->Hg^"' + 2Cr 

S S 2S 

K^=[Hi*][a-f=[S][2Sf = 4S^ 



12. The solubility of Sb 2 S 3 in water is 1 x 10 ^ mol/L at 298 K. 
What will be its solubility product? [PMT (Raj.) 2006] 

(a) 108x10“^^ (b) 1.0x10’^^ 

(c) 144x10““ (d) 126x10““ 

[Ans. (a)] 


[Hint: SbjS,-> 2Sb^ + 3S“ 

S 7S IS 

K^=[Sh^^ =[2S']Y3S']^ = loss’ 

= 108 X (10“’)’= 108x10““] 

Applications of Solubility Product 

(i) Purification of common salt 

Natural common salt consists of many insoluble and soluble 
impurities. Saturated solution of common salt is prepared and 
insoluble impurities are filtered off. Hydrogen chloride gas (HCl) 
is circulated through the saturated solution. HCl and NaCl 
dissociate into their respective ions as: 

NaCl^^^Na"" +Cr 
HaT=^H^+cr 

The concentration of Cl” ions increases considerably in 
solution due to ionisation of HCl. Hence, the ionic product 
[Na’'^][Cr] exceeds the solubility product of sodium chloride 
and, therefore, pure sodium chloride precipitates out from 
solution. 

(ii) Salting out of soap 

Soap is a sodium salt of higher fatty acids. From the solution, 
soap is precipitated by the addition of concentrated solution of 
sodium chloride. Soap and sodium chloride are present in the 
form of ions. 

C„H 2 „^, COONa^C„H 2 „^,COO- +Na" 

Soap 

NaCl ^^Na"" + Cr 

Thus, the concentration of Na^ ions increases considerably on 
addition of NaCl solution. Hence, the ionic product 
[C„H 2 „ + iCOO“][Na^] exceeds the solubility product of soap 

and, therefore, soap precipitates out from the solution. 

(iii) Manufacture of sodium bicarbonate (baking soda) 

In Solvay’s soda process, CO 2 gas is passed through 
ammonical brine to precipitate out NaHC 03 . 

NH4OH+CO2->NH4HC03 

NH4HCO3 +NaCl-^NaHCOj +NH 4 CI 

NaHC 03 is precipitated first because of its lower solubility 
product as compared to those of NH4CI , NH4HCO3 and NaCl. 
Thus, baking soda (NaHC 03 ) can be quantitatively estimated. 

(iv) Application of solubility product in quantitative 
analysis 

1. Estimation of barium as barium sulphate: H 2 SO 4 as 
precipitating agent is added to the aqueous solution of BaCl 2 . 

BaCl 2 + H2 SO4-> BaS04 + 2 HC 1 

Precipitation of BaS 04 takes place when its ionic product 
exceeds solubility product. H 2 SO 4 is added in slight excess to 
ensure complete precipitation. Large excess of H 2 SO 4 is harmful 
for complex formation. 

2. Estimation of silver as silver chloride: NaCl solution 
is added to the silver nitrate solution; slight excess of NaCl is 
added to ensure complete precipitation. 

AgNOj + NaCl-> AgCl + NaNOj 
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Again, precipitation of AgCl takes place when ionic product 
of AgCl exceeds its solubility product. 

3. ' In a similar manner, we estimate lead as lead chromate, 
calcium as calcium oxalate, etc. 


(v) Piecipitation of the sulphides of group II and IV 


Hydrogen sulphide is a weak electrolyte and is used for the 
precipitation of various sulphides of group II and IV in 
qualitative analysis. 

It ionises to a small extent in water; 

Applying law of mass action, 

[HjS] 


The concentration of ions can be decreased by increasing 
concentration of ions and it can be increased by decreasing 
concentration of ions. In group II, lower concentration of 
sulphide ions is required as the solubility products of the 
sulphides of group II are low while higher concentration of 
sulphide ions is required in group IV as the solubility products of 
the sulphides of group IV are high. The values of solubility 
products of various sulphides are given below; 


Group II 


Group IV 


Bi 2 S 3 

1 . 6 x 10 ”” 

HgS 

1 

0 

X 

CuS 

1 x 10 ”^ 

PbS 

X 

0 

1 

CdS 

1.4x10”’® 

CoS 

3x10”’° 

NiS 

1.4x10”’“' 

ZnS 

1.0 X 10”” 

MnS ^ 

1.4x10”'° 


The concentration of ions in group II is lowered by 
maintaining acidic medium. In the presence of HCl, the ionisation 
of H 2 S is suppressed due to common ion effect. The concentration 
is so adjusted that only ionic products of the sulphides of group II 
exceed their solubility products and, therefore, get precipitated. 
However, CdS has somewhat higher value. For its precipitation, 
dilution of the solution is done which increases ionisation of HjS 
and thereby increasing concentration of ions. 

In group IV, higher concentration of ions is needed. This 
is done by changing the medium from acidic to alkaline. 
Ammonium hydroxide is added, the OH" ions furnished by 
1 SIH 40 H remove H"*^ ions from solution in the form of water 
molecules as, 

+OH^ ;=^H20 

More of the ionisation of H 2 S occurs and, thus, concentration 
of S^“ ions increases. It becomes so high that ionic products of 
the sulphides of group IV exceed their solubility products and 
they get precipitated. 


(vl) Precipitation of III group hydroxides 

When NH 4 OH is added in presence of NH 4 CI then 
precipitation of III group hydroxides takes place, i.e., Al(OH) 3 , 
Fe(OH )3 and Cr(OH )3 are precipitated. Solubility product of III 
group hydroxides is less than those of higher group hydroxides. 

NH 4 CI- +cr 

NH4 OH NH^" + OH" 

NH 4 ’'’ ion furnished by NH 4 CI lowers the ionisation of 
NH 4 OH and hence the concentration of hydroxide ion OH”. At 
low concentration of hydroxide ion only III group hydroxides 
precipitate. 


Fractional Precipitation 

It is a technique of separating two or more ions from a 
solution by adding a reagent that precipitates first one ion and 
then the second. 


Let us suppose 0.1 M Ba^"^ and 0.1 M Sr^'*’ in aqueous 
solution. K 2 Cr 04 is added as precipitating agent. of BaCr 04 
is 1.2x 10”‘® and^^ of SrCr 04 is 3.5x 10”^ 


[CrOj ] concentration required to precipitate BaCr 04 


K 


^ _ 1,2 X 10 


,-10 




0.1 


= 1 . 2 x 10 ” 


BaCr 04 will precipitate first because it requires low 
concentration of CrO^” ions. On addition of chromate ions, 
BaCr 04 starte precipitating when chromate ion concentration 
reaches 1.2x 10”® M. When CrO^” ion concentration reaches up 
to 3.5 X 10”“* M, then SrCr 04 also starts precipitating. 


Remaining concentration of Ba^’* when SrCr 04 
precipitation 


^spBaCr 04 

[CrOf ] 


1.2x10”'° 

3.5x10^ 


= 3.4x10”’ 


M 


starts 


% remaining concentration = 


3.4 X 10”’ 

0.1 

0.00034% 


xlOO 


Stability Constant 

Let us consider dissociation of the ion FeBr^. 

FeBr’" Fe’"* + Br” 


Dissociation constant for above equilibria may be given as; 

^ _[Fe’*-][Br”] 

--- 

[FeBr+ ] 


Reciprocal of dissociation constant is called stability constant. 
K 

' [Fe’^^lPr”] 


Let us consider the 
Complex ion is Cd(CN) 4 ” 


formation of complex K 2 Cd(CN) 4 . 
where oxidation state of central metal 


Cd 


2 + 


is (+2). Complexing process proceeds in four steps as; 

[CdCN"^ ] 


Cd’+ +CN 


^ CdCN^ 




[Cd'^'*][CN” 
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CdCN+ + CN" 

^^Cd(CN) 2 ; 

^2 = 

Cd(CN )2 + CN” 

^=^Cd(CN) 3 ; 

^3 = 

Cd(CN )3 + CN” 

^Cd(CN)f; 

1:4 = 


[CdCCN);]' 

[CdCN^][CN"] 

[Cd(CN)i] 

[Cd(CN) 2 ][CN“] 

[Cd(CN)" 4 -] 

[Cd(C:N)i][CN-] 


Overall reaction may be given as: 
Cd + 4CN' [Cd(CN)f ]; 


K - [Cd(CN)^] 

' [Cd^^][CN-f 


Here, K^ = K^K^K^K^ 

Significance of stability constant: Greater will be the value 
of stability constant more stable will be the complex. 

Note: (a) If on addition of a common ion in a salt solution (sparingly 
soluble), formation of complex ion takes place, then ionisation 
incre^es, te., equilibrium shifts towards right hand direction to 
maintain the value of constant. It means, addition of 
common ion in the case of complex formation increases the 
solubility of the sparingly soluble salt which is against the 
concept of common ion effect. 

(b) When we add an electrolyte to another electrolyte solution 
having no common ion, then ionisation of the latter increases. 

(c) For a given electrolyte solubility product is always constant at a 
particular temperature. 


Solubility of Metal Hydroxides in Acid Medium 

ion furnished by the medium affects the solubility of 
metal hydroxide, say M(OH )2 , because of neutralization of OH" 
ion by H ion. 

M(0H)2:^M^"^+20H" 

i:,pOfM(OH)2=[M^^][OH"f 

= - . ...(i) 

[OH" 

[H^][OH-]= =10“'^ 

[OH-f=i^ ...(ii) 


From eqs. (i) and (ii), we have 


[M^^\ 




11% ACIDS AND BASES 

The earliest criteria for the claracterisation of acids and bases were 
the experimentally observed properties of aqueous solutions. An 
acid* was defined as a substance whose water solution tastes sour, 
turns blue litmus red, neutralises bases and so on. A substance was 
a base if its aqueous solution tasted bitter, turns red litmus blue, 
neutralises acii and so on. Faraday termed acids, bases and salts 
as electrolytes and Liebig proposed that acids are compounds 
containing hydrogen that can be replaced by metals.. 

Different concepts have been put forth by different 
investigators to characterise acids and bases but the following are 
the three important modem concepts of acids and bases: 

* Acid is a Latin word— acidtis, meaning sour. 


(1) Arrhenius concept 

According to Arrhenius concept, aU substances which give 

ions when dissolved in water are called acids while those 
which ionise in water to furnish OH" ions are caUed bases. 

(Acid) 

50H + OH" (Base) 

Thus, HCl is an acid because it gives H”^ ions in water. 
Similarly, NaOH is a b^e as it yields OH” ions in water. 

HC 1 ^= 5 :H''+cr - 

NaOHT=iNa^ + OH" 

Some acids and bases ionise almost completely in solutions 
and are called strong acids and bases. Others are dissociated to a 
limited extent in solutions and are termed weak acids and bases. 
HCl, HNO 3 , H 2 SO 4 , HCIO 4 , etc., are examples of strong acids 
and NaOH, KOH, (CHj )4 NOHare strong bases. Every hydrogen 
compound cannot be regarded as an acid, e.g., CH 4 is not^ 
acid. Similarly, CH 30 H,C 2 H 50 H,etc., have OH groups but they 
are not bases. 

Actually free H”^ ions do not exist in water. They combine with 
solvent molecules, i. e., have strong tendency to get hydrated. 
m: + H 20 ^=i HjO’" +x" ■ 

(Hydronium ion) 

The proton in aqueous solution is generally represented as 
H"^ {aq. ). It is now known that almost all the ions are hydrated to 
more or less extent and it is customary to put {aq. ) after each ion. 

The oxides of many non-metals react with water to form acids 
and are called acidic oxides or acid anhydrides. 

CO 2 + H 2 O-> H 2 CO 3 2H^ {aq. ) + COf" {qq.} 

N 2 O 5 + H 2 O-^ 2 HNO 3 2 H'' {aq .) + 2 NO; {aq.) 

Many oxides of metals dissolve in water to form hydroxides. 
Such oxides are termed basic oxides. 

Na 2 O + H 2 O-^ 2NaOH 2Na ^ {aq.)+ 20H" {aq.) 

The substance like NH 3 and N 2 H 4 act as bases as they react 
with water to produce OH” ions. 

NH 3 + H 2 O-^ NH 4 OH NHj {aq .) + OH" {aq .) 

The reaction between an acid and a base is termed 
neutralisation. According to Arrhenius concept, the 
neutralisation in aqueous solution involves the reaction between 
H^ and OH” ions or hydronium and OH” ions. This can be 
represented as 

HjO^ +OH” ^2H20 

Limitations: (i) For the acidic or basic properties, the 
presence of water is absolutely necessary. Dry HCl shall not act 
as an acid. HCl is regarded as an acid only when dissolved in 
water and not in any other solvent. 

(ii) The concept does not explain acidic and basic character of 
substances in non-aqueous solvents. 

(iii) The neutralisation process is limited to those reactions 
which can occur in aqueous solutions only, although reactions 
involving salt formation do occur in the absence of solvent. 

(iv) It cannot explain the acidic character of certain salts such 
as AlCl 3 in aqueous solution. 
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(v) An artificial explanation is required to explain the basic nature 
of NH 3 and metallic oxides and acidic nature of non-metal oxides. 

(2) Bronsted-Lowry concept—The proton>donor> 
acceptor concept 

In 1923, Bronsted and Lowry independently proposed a 
broader concept of acids and bases. According to 
Bronsted-Lowry concept an acid is a substance (moiecule or 
ion) that can donate proton, Le., a hydrogen ion, to some 
other substance and a base is a substance that can accept a 
proton from an acid. More simply, an acid is a proton-donor 
(protogenic) and a base is a proton acceptor (protophilic). 
Consider the reaction, 

HCI + HjO^HjO'^ + Cl¬ 
in this reaction, HCl acts as an acid because it donates a proton 
to the water molecule. Water, on the other hand, behaves as a base 
by accepting a proton i&om the acid. 

The dissolution of ammonia in water may be represented as 
NH 3 +OH- 

In this reaction, HjO acts as an acid as it donates a proton to 
NHj molecule and NHj molecule behaves ^ a base as it accepts 
a proton. 

When an acid loses a proton, the residual part of it has a 
tendency to regain a proton, Therefore, it behaves as a base. 

Acid . + Base 

The acid and base which differ by a proton are known to form 
a conjugate pair. Consider the following reaction: 

CHjCOOH + HzO^^^HjO^ -HCH 3 COO- 

It involves two conjugate pairs. The acid-base pairs are: 

-H”" +H"' 

CHj COOH CH 3 COO- and O H 3 O^ 

Acid +H"'^ Base Base Acid 

Such pairs of substances which can be formed from one 
another by loss or gain of a proton are known as conjugate 
acid-base pairs. 

If in the above reaction, the acid CH 3 COOHis labelled acidj 
and its conjugate base, CH 3 COO- as bascj. H 20 is labelled ^ 
base 2 and its conjugate acid H 30 ‘^ as acid 2 , the reaction can be 
written as: 

Acid ] + 83862 N Base, + Acid 2 

Thus, any acid-base reaction involves two conjugate pairs, 
I. e., when an acid reM;ts with a base, another acid and base are 
formed. Some more examples are given below: 

Acid, + Base 2 Acid 2 + Base, 

H 2 O + NH 3 ;;=^NHJ+ 0 H: 

HCN + H 20 ^=^H 30 ++CN- 
HF+CHjCOOH^^iCHjCOOHz +F- 
CH 3 COOH+NH 3 +CH 3 COO- 

NH3 + NH3 ^ NH4 + NH^- 
820 + 820 ^=^ 830 + +OH- 
HCO 3 + 82 O 83 0+ + co^- 


N 8 ; + 820 ^=^ 83 O++ N 83 

Thus, every acid has its conjugate base and every base has its 
conjugate acid. It is further observed that strong acids have weak 
conjugate bases while weak acids have strong conjugate bases. 

8C1 Cr C 83 COO 8 C 83 COO- 

Strong acid Weak base Weak acid Strong base 

There are certain molecules which have dual character of an 
acid and a base. These are called amphiprotic or amphoteric. 

Examples are N 83 , 820 , 0830008 , etc. 


-H* 



-H* 

820 ^ 

08“ 

N 83 

?=^N 82 

Acid +H'*' 

Base 

Acid 

4-1^ Base 

+H"' 



+H'*' 

82 ©^=^ 

83 0 + 

N 83 

^N 8 ; 

Base _H* 

Acid 

Base 

-H"^ Acid 


The strength of an acid depends upon its tendency to lose its 
proton and the strength of the base depends upon its tendency tor: 
gain the proton. 


Add-base chart containing some common 
conjugate acid-base pairs 

- _.Acld ' _ Conjugatebase . 


HCIO 4 

(Perchloric 

acid) 


H 2 SO 4 

(Sulphuric 

acid) 


HCl 

(Hydrogen 

chloride) 


HNO 3 

(Nitric acid) 

-B 

W) 

g 

H 3 O+ 

(Hydronium 

ion) 

Ja 

M 

HSOJ 

(Hydrogen 

T3 

'§ 


sulphate ion) 


H 3 PO 4 

(Qhho- 

w 

M 


phosphoric 

acid) 

0 

50 

c 

CH 3 C 00 H(Acetic acid) 

’53 

C3 

P 

H 2 CO 3 

(Carbonic 

acid) 

0 

B 

HjS 

(Hydrogen 

sulphide) 


NHj 

(Ammonium 

ion) 


HCN 

(Hydrogen 

cyanide) 


CgHjOH 

(Phenol) 


H 2 O 

(Water) 


C 2 H 5 OH 

(Ethyl alcohol) 


NH 3 

(Ammonia) 


CH 4 

(Methane) 



CIO4 

HSOT 

Cl" 

N 03 

H 20 

so^ 

H 2 P 04 


CH 3 COO- (Acetate ion) 

■s 

Hco; 

(Hydrogen 



carbonate ion) 


HS" 

(Hydrosulphide 

ion) 


NH 3 

(Ammonia) 


CN" 

(Cyanide ion) 


CfiHsO- 

(Phenoxide ion) 


OH- 

(Hydroxide ion) 


C 2 H 5 O- 

(Ethoxide ion) 


NH 2 

(Amide ion) 


CHj 

(Methide ion) 

nJ/- 


(Perchlorate 

ion) 

(Hydrogen 
sulphate ion) 
(Chloride ion) 

(Nitrate ion) 
(Water) 


•S 

oo 

e 


(Sulphate ion) 

(Dihydrogen 
phosphate ion) 


Xi 


V 


c 
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In acid-base strength series, all acids above H 30 ^ in aqueous 
solution fall to the strength of Hj 0^. Similarly, the basic strength 

of bases below 0H“ fall to the strength of 0H~ in aqueous 
solution. This is known as levelling effect. 

The strength of an acid also depends upon the solvent. The 
acids HCIO 4 , H 2 SO 4 , HCl and HNO 3 which have nearly the 
same strength in water will be in the order of HCIO 4 > H 2 SO 4 
>HC 1 >HN 03 in acetic acid, since, the proton accepting 
tendency of acetic acid is much weaker than water. So, the real 
strength of acids can be judged by solvents. On the basis of 
;-roton interaction, solvents can be classified into four types: 

(i) Protophilic solvents: Solvents which have greater 
tendency to accept protons, i. e., water, alcohol, liquid ammonia, 
etc. 

(ii) Protogenic solvents: Solvents which have the tendency 
to produce protons, i e. , water, liquid hydrogen chloride, glacial 
acetic acid, etc. 

(lii) Amphiprotic solvents: Solvents which act both as 
protophilic or protogenic, eg., water, ammonia, ethyl alcohol, 
etc. 

(iv) Aprotk solvents: Solvents which neither donate nor 
accept protons, eg., benzene, carbon tetrachloride, carbon 
disulphide, etc. 

HCl acts as acid in H 2 O, stronger acid in NHj, weak acid in 
CH 3 COOH, neutral in CgH^ and a weak base in HF. 

HCl + HF->H2C1"^+ F- y- 

Base Acid Acid " BSse - ■ 

Periodic Variations of Acidic and Basic Properties 

(a) Hydracids of the elements of the same period: Consider 
the hydracids of the elements of II period, viz., CH 4 , NHj, H 2 O 
and HF. These hydrides become increasingly acidic as we move 
from CH 4 to HF. CH 4 has negligible acidic properties while HF 
is a fairly stronger acid. The increase in acidic nature is due to the 
fact that the stability of their conjugate bases increases in the 
order 

CH 3 <NH 2 <0H“ <F“ 

The increase in acidic properties is supported by the 
successive increase in the dissociation constant. 

CH 4 (= 10"^®) < NH 3 (= 10“®^ ) < H 2 O (= 10-*'’) < HF (= 10-^ ) 

(b) Hydracids of the elements of same group: (i) Hydrides 
of V group elements (NH 3 , PH 3 , ASH 3 , SbH 3 and BiH 3 ) show 
basic character which decreases due to increase in size and 
decrease in electronegativity from N to Bi. There is a decrease in 
electron density in -hybrid orbital and thus electron donor 
capacity decreases. 

(ii) Hydracids of VI group elements (H 2 O, H 2 S, H 2 Se and 
H 2 Te)act as weak acids. The strength increases in the order 

H 20 <H 2 S<H 2 Se<H 2 Te 

The increasing acidic character reflects decreasing trend in the 
electron donor capacity of OH", HS-jHSe" orHTe- ions. 

(iii) Hydracids of VII group elements (HF, HCl, HBr and HI) 
show acidic nature which increases from HF to HI. This is 


explained by the fact that bond energies decrease. (H—^F = 135 
kcal/mol, HCl = 103, HBr = 88 and HI = 71 kcal/mol) 

(c) Oxyacids: (i) The acidic character of oxyacids of the 
same element which is in different oxidation states increases with 
increase in oxidation number. 

HCIO < HCIO 2 < HCIO 3 < H (:104 

+4 +6 +3 +5 

H 2 SO 3 <H2S04;HN02 <HN 03 

But this rule fails in oxyacids of phosphorus. 

H 3 PO 2 >H 3 P 03 >H 3 P 04 

(ii) The acidic character of the oxyacids of different elements 
which are in the same oxidation state decreases as the atomic 
number increases. This is due to increase in size and decrease in 
electronegativity. 

HCIO 4 >HBr 04 > HI 04 
H 2 SO 3 >H 2 Se 03 

Limitations: There are number of acid-base reactions in 
which no proton transfer takes place, eg., 

SO 2 + SO 2 + SO^- 

Acidi Base 2 Add 2 Basej 

Thus, the protonic definition cannot be used to explain the 
reactions occurring in non-protonic solvents such as COCI 2 , 
S 02 ,N 204 ,etc. 

(3) Lewis concept 

This concept was proposed by GN. Lewis, in 1939. 
According to this concept, a base is defined as a substance 
which can furnish a pair of electrons to form a coordinate 
bond whereas an acid is a substance which can accept a pair 
of electrons. The acid is also known as electron acceptor or 
electrophile while the base is electron donor or nucleophile. 

A simple example of an acid-base is the reaction of a proton 
with hydroxyl ion. 

H++: o: HT =H: o: H 

• • • • 

Acid ^se 

Some other examples are: 

H 3 N:+BF 3 =H 3 N-^BF 3 

Base Acid 

H^ + iNHj =[H<-NH3r 

Acid Base 

BF 3 +[Fr =[F->BF 3 r 

Acid Base 

Lewis concept is more general than the Bronsted Lowry 
concept. 

According to Lewis concept, the following species can act as 
Lewis acids: 

(i) Molecules in which the central atom has incomplete 

octet: All compounds having central atom with less than 8 
electrons are Lewis acids, e.g., BFj, BCI 3 , AICI 3 , MgCL, 
BeCl 2 ,etc. 
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(ii) Simple cations: All cations are expected to act as Lewis 
acids since they are deficient in electrons. However, cations such 
^ Na^, K'*', Ca^*, etc., have a very little tendency to accept 
electrons, while the cations like H'*', Ag'*', etc., have greater 
tendency to accept electrons and, therefore, act as Lewis acids. 

(iii) Molecules in which the central atom has empty 
d-orbitals; The central atom of the halides such as SiA" 4 , Ge,T 4 , 
TiCl 4 , 80 X 4 , PX 3 , PFj, SF 4 , SeF 4 , TeCl 4 , etc., have vacant 
fif-orbitals. These can, therefore, accept an electron pair and act as 
Lewis acids. 

(iv) Molecules having a multiple bond between atoms of 
dissimilar electronegativity: Typical examples of molecules 
falling in this class of Lewis acids are CO 2 , SO 2 and SO 3 . Under 
the influence of attacking Lewis base, one re-electron pair will be 
shifted towards the more negative atom. 

0 = C=0+ OH' ->'0 —C=0 orHCOi 

Lewis acid Lewis ba^ 

The following species can act as Lewis bases; 

(i) Neutral species having at least one lone pair of 
electrons: For example, ammonia, amines, alcohols, etc., act as 
Lewis bases because they contain a pair of electrons. 

:NH3, —NH 2 , R — O—E 

• • 

(ii) Negatively charged species or anions: For example, 
chloride, cyanide, hydroxide ions, etc., act as Lewis bases. 

CN", Cr, OH" 

It may be noted that all Bronsted bases are also Lewis bases 
but all Bronsted acids are not Lewis acids. 

Limitations: Since, the strength of the Lewis acids and bases 
is found to depend on the type of reaction, it is not possible to 
arrange them in any order of their relative strength. 

The choice of which definition of acids and bases one wishes 
to use in a particular instance depends largely on the sort of 
chemistry that is studied. But Arrhenius concept is perfectly 
satisfactory and simplest for dealing with reactions in aqueous 
solutions. It explains satisfactorily the strength of acids and bases 
in aqueous solutions, neutralisation, salt hydrolysis, etc. 

RELATIVE STRENGTH OF ACIDS 
AND BASES 

According to Arrhenius concept, an acid is a substance which 
furnishes H"^ ions when dissolved in water. All the acid 
properties on an acid are due to H'*' ions present in the solution. 

The extent to which an acid property is given by an acid is 
a measure of its strength. The strength of the acid solution 
does not depend on its concentration but on the number of 
H* ions present. The concentration of H^ ions depends on the 
ionisation of an acid in solution. On dilution, the ionisation 
incre^es and more of H'*' ions come to solution with the result 
that the strength of the acid increases. Thus, strength of the acid 
increases on dilution while its concentration decreases. At 


OH 


infinite dilution the dissociation of an acid is nearly complete and 
all acids are equally strong at infinite dilution. 

The concentration of H^ ions at all other dilutions of 
equimolar solutions of the acids may not be equal and depends on 
their degree of dissociation. Thus, to measure the relative 
strength of the two acids, the measurements of hydrogen ion 
concentration, i. e ., degree of dissociation is made of equinormal 
solutions of the two acids. Various methods are used for this 
purpose. Some are described below. 

(i) The conductivity method: The degree of dissociation 

of a weak acid is equal to conductivity ratio-. Thus, the 

A„ 

degrees of dissociation ttj and a 2 for two equinormal acids are 
given by: 

For acid I, 


and For acid II, 

At infinite dilution, all weak electrolytes have almost the same 
value of A,.„;hence, 


A, 

a, =- *- 


A„ 


a- 


A, 


A„., 

1000 X sp. cond- acid I 

Strength of acid I _ «1 _ A, _ £ 

Strength of acid II a 2 A 2 1000 x sp. cond. acid II 

C 

Sp. cond. acid I 
Sp. cond. acid II 


The relative strength of two acids is, thus, equal to the ratio of 
their equivalent conductance or specific conductance of 
equinormal solutions which can be determined experimentally. 

(ii) Comparing dissociation constants: LetATj and 15^2 be 
the dissociation constants of two acids and let a j and a 2 be their 
degree of dissociation in equinormal solutions. 

Applying Ostwald’s dilution law, a j = 

Strength of acid I a , 

Thus,. - - - =—- = 

Strength of acid II a 2 

Dissociation constants of some weak acids are given in the 
table; 



Acid-ionization constants at 25 °C 


Substance 

Formula 


Acetic acid 

HC 2 H 3 O 2 

1.7x10'^ 

Benzoic acid 

HC 7 H 5 O 2 

6.3 xlO'^ 

Boric acid 

H 3 BO 3 

5.9 X 10'*“ 

Carbonic acid 

H 2 CO 3 

4.3x10'^ 


HCO 3 

4.8x10'" 

Cyanic acid 

HOCN 

3.5x10"* 
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Substiiiice 

Formula 

■■ K, 

Formic acid 

HCHQ2 

1.7x10'^ 

Hydrocyanic acid 

HCN 

4.9 X 10'*® 

Hydrofluoric acid 

HF 

6.8x10“^ 

Hydrogen sulphate ion HSO4 

1.1x10'^ 

Hydrogen sulphide 

HjS 

8.9 X 10'* 


HS' 

1.2xl0'‘^ 

Hypochlorous acid 

HCIO 

3.5 X 10'® 

I'iitrous acid 

HNO2 

4.5 X 10“^ 

Oxalic acid 

H2C2O4 

5.6 X 10'^ 


HC2O4 

5.1x10'^ 

Phosphoric acid 

H3PO4 

6.9 X 10'® 


H2PO4 

6.2 X 10'® 


UPOf 

4.8 X 10''® 

Phosphorous acid 

H2PHO3 

1.6 X 10'^ 


HPHO3 

7.0 X lO'’ 

Propionic acid 

HC3H5O2 

1.3x10'^ 

pyruvic acid 

wr' ur r\ 

1.4 X 10''' 

Sulphurous acid 

H2SO3 

1.3x10'® 


HSO; 

6.3 X 10'* 


(iii) Thomson thermal method: In this method, heat of 
neutralisation of two acids is first determined separately with 
NaOH. Let it be ‘x' and calorie. The one gram equivalent of 
each of the two acids is mixed and one gram equivalent of NaOH 
is added. Let the heat evolved in this case be ‘z’ calorie. The two 
acids will neutralise a fraction of the base proportional to their 
relative strength. Suppose n gram equivalent of NaOH is 
neutralised by acid I and the rest (1 - «) by acid H. 

Total heat evolved, z = + (1 - n)y 

= tvc + y-ny 

or z-y-n{x-y) 


ix-y) 

(z - y) 

Strength of acid I _ « _ (x- y) _{z- y) 

Strength of acid II (1-n) ^ (z - y) (x-z) 

Eelative strength of bases: A base is a substance which 
gives OH “ ions when dissolved in water. The strength of the 
base depends on OH " ion concentration. The above methods can 
be used for measuring relative strengths of bases also. In the 
Thomson thermal method, the two bases and their mixtures will 
be neutralised by sfrong acid, say HCl. 

The relative strengths of some of the acids are as follows: 

(i) HC 104 >HBr>HCl>HN 03 >H 2 S 04 >H 3 0^ >H 2 S 03 

>H 2 C 03 >CH3C00H 

(ii) HCIO 4 >HC10j >HC102 >HaO 

(iii) HI>HBr>HCl>HF 


(iv) HCIO3 >HBr03 >HI03 

(v) CCl3COOH>CHCl2COOH>CH2ClCOOH 

>CH 3 C 00 H 


(vi) HCOOH>CHjCOOH>C 2 H 5 COOH 

The relative strengths of some of the bases are as follows: 

(i) KOH>NaOH>Ga(OH )2 >NH 40 H 

(ii) (CH3)2NH>CH3NH2 >(eH3)3N>NH3 

(iii) (C2H5)2NH>C2H5NH2 >NH3 >(C2H5)3N 
{iv).NaOH>NH 3 >H20 

(v) NHj >NH 2 NHj >NH20H 

(vi) NHj >CsH 5 N>C 6 H 5 NH 2 


13. 


Which one is correct statement? (DCE 2007) 

(a) Basicity of H 3 PO 4 and H 3 PO 3 are 3 and 3 respectively 

(b) Acidity of H 3 PO 4 and H 3 PO 3 are 3 and 3 respectively ^ 

(c) Acidity of H 3 PO 4 and H 3 PO 3 are 3 and 2 respectively 

(d) Basicity of H 3 PO 4 and H 3 PO 3 are 3 and 2 respectively 
[Ans. (d)] 


pint: 


O 

t 


HO 


P—OH 

OH 


3 H* + PO^- (Basicity = 3 ) 


O 

t 

HO—P—OH 

I 

H 

14i In the reaction, 

HC2O4 + PO^ HPO|- + 
the Bronsted base are: [PET (Raj.) 2004] 

(a)PC^-,C:20^ (b)PO^,HP(^- 

(c)HC 20^.HPO^- (d)HC204.C20f 

[Ans. (a)] 

pint: Acid - H^ = Conjugate base] 


O 

2H* + O"— i*—O' (Basicity = 2)] 
H 


15. Conjugate base of HCO 3 is; [PET (Raj.) 2005] 

(a)C02 (b)H2C03 (c)H 20 (d)CO^' 

[Ans. (d)] 

[Hint: Acid - H* = Conjugate base, HCOj - H^ = COf ] 

16: Four species are listed below ; 

(ijHCOj (ii)H 36 (iii)HS04 (ivlHSOjF 

Which one of the following is the correct sequence of their 
acid strength ? (AIEEE 2008) 

(a) (iii) < (i) < (iv) < (ii) (b) (iv) < (ii) < (iii) < (i) 

(c) (ii) < (iii) < (i) < (iv) (d) (i) < (iii) < (ii) < (iv) 

[An 8 .(d)] 

[Hint: HCOi < HS 04 < H 3 6 < HSO 3 F 

+ . 

HSO 3 F is super acid and it is most acidic. Hj O is more acidic than 
anions because anions pCOj. HSOJ) do not release H"^ ion 
easily. HSO 4 is more acidic than HCOj became sulphur is more 
electronegative than carbon.] 
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17. Identify Bronsted-Lowry acids in the reaction given; 

[A1(H20)6]^-'+ HCOi [A1 (H20)5(0H“ )f* + HjCOj 

(A) (B) (C) (D) 

The correct answer is: (EAMCET (Med.) 2008] 

(a)^C (b)B,D (c)A,D (d)B,C 

[Ans. (c)] 

[Hint : [AlCHjO)^]*^ and H 2 CO 3 are proton donor or Bronsted 
acids] 

18. Conjugate base of H 2 PO 4 is: [Corned (Karnataka) 2008] 

(a)HPOf (b)PO^^ (c)H 3 P 04 (djHPOJ 

[Ans. (a)] 

[Hint : Acid - H* = Conjugate base 
H2POj - = HPO41 

IB ACID-BASE NEUTRALISATION—SALTS 

When aqueous solutions of hydrochloric acid and sodium 
hydroxide are mixed in the proper proportion, a reaction takes 
place to form sodium chloride and water. 

HCl(a^.) + NaOH(a?.) ^ NaCKa^.) + H20(/) 

Sodium chloride 

Such a reaction is termed neutralisation because both acidic 
(H ^) and basic (OH") properties are eliminated during the 
reaction. The hydrogen ion, which is responsible for the acidic 
properties, has reacted with the hydroxyl ion which is responsible 
for the basic properties, producing neutral water. The Na* and 
Cl” ions have undergone no chemical change and appear in the 
form of crystalline sodium chloride upon evaporation of the 
solution. Sodium chloride is an example of the class of 
compounds called salts. 

H"" (aq.) + Cr (aq .) + Na’^ (aq .) + OH” (aq.) 

HzOil) + Na'' (aq.) + Cl” (aq.) 

or H^ (aq .) + OH” (aq.)^ H20(/) 

Thus, the neutralisation of a base with an acid involves the 
interaction between OH” and H ^ ions. 

Or 

The reaction between an acid and a base to form salt and 
water is termed neutralisation. 

The process of neutralisation does not produce the resulting 
solution always neutral; no doubt it involves the interaction of H^ 
and OH” ions. The nature of the resulting solution depends on 
the particular acid and a particular base involved in the reaction. 
The following examples illustrate this point when equivalent 
amounts of acids and bases are reacted in aqueous solution. 

(i) A strong acid plus a strong base gives a neutral solution 
because both are completely ionised and the reaction goes to 
completion. 

H"' +C1” +Na'' +OH” ^=i:H20 + Na"' + Cl” 

(ii) A strong acid plus a weak base gives an acidic solution as 
the weak base is not completely ionised. The reaction does not go 
to completion and there is an excess of hydrogen ions in solution. 

H^ +cr +nh 40 H:f=^H 20 +nh; +ci- 


(iii) A weak acid plus a strong base gives a basic solution as 
the weak acid is not completely ionised. The reaction does not go 
to completion and there is an excess of hydroxyl ions in solution. 

CHjCOOH + Na^ +OH” ^=^H 20 + CH 3 COO” +Na^ 

(iv) A weak acid plus a weak base gives an acidic or a basic or 
a neutral solution depending on the relative strength of acid and 
base. In case, both have equal strength, the resulting solution is 
neutral in nature. 

CH 3 C 00 H+NH 40 H^=^H 20 + NHJ +CH 3 COO” 

Salts: Salts are regarded as compounds made up of positive 
and negative ions. The positive part comes from a base while 
negative part from an acid. Salts are ionic compounds. Salts may 
taste salty, sour, bitter, astringent or sweet or tasteless. Solutions 
of salts may be acidic, basic or neutral. Fused salts and aqueous 
solutions of salts conduct electricity and undergo electrolysis. 
The properties of salts in aqueous solutions are the properties of 
ions. The salts are generally crystalline solids. 

The salts are classified into the following classes: 

(i) Simple salts: The salt formed by the neutralisation 
process, i.e., interaction between acid and base, is termed as 
simple salt. These are of three types: 

(a) Normal salts: The salts formed by the loss of all 
possible protons (replaceable hydrogen atoms as H are called 
normal salts. Such a salt does not contain either a replaceable 
hydrogen or a hydroxyl group. 

Examples are: NaCl, NaNOj, K 2 SO 4 , Ca 3 (P 04 ) 2 , 
Na 3 B 03 ,Na 2 HP 03 (one H atom is not replaceable as H 3 PO 3 is 
a dibasic acid), NaH 2 P 02 (both H atoms are not replaceable as 
H 3 PO 2 is a monobasic acid), etc. 

(b) Acid salts: Salts formed by incomplete neutralisation of 
poly-basic acids are called acid salts. Such salts still contain one 
or more replaceable hydrogen atoms. These salts when 
neutralised by bases form normal salts. 

Examples are: NaHCOj, NaHS 04 , NaH 2 P 04 , Na 2 HP 04 , 
etc. 

(c) Basic salts: Salts formed by incomplete neutralisation 
of polyacidic bases are called basic salts. Such salts still contain 
one or more hydroxyl poups. These salts when neutralised by 
acids form normal salts. 

Examples are; Zn(OH)Cl, Mg(OH)Cl, Fe(OH) 2 Cl, 
Bi(OH) 2 Cl,etc. 

(ii) Double salts: The addition compounds formed by the 
combination of two simple salts are termed double salts. Such 
salts are stable in solid state only. 

Examples are: Ferrous ammonium sulphate, FeS 04 • 
(NH 4 ) 2 S 04 • 6 H 2 O, Potash alum, K 2 SO 4 •Al 2 (S 04 )3 • 24 H 2 O 
and other alums. 

Properties: (a) When dissolved in water, it furnishes all the 
ions present in the simple salts from which it has been constituted. 

(b) The solution of double salt shows the properties of the 
simple salts from which it has been constituted. 

(iii) Complex salts: These are formed by combination of 
simple salts or molecular compounds. These are stable in solid 
state as well as in solutions. 
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FeSO^ + 6 KCN-> K 4 Fe(CN )6 + K 2 SO 4 

'' r: t i ^ Corrnslex salt 

Simple salt 

C 0 SO 4 + 6 NH 3 ->Co(NH 3 ) 6 S 04 

Sinple salt Molecular Con^lex salt 

' compound 

Properties: (a) On dissolving in water, it furnishes a 
complex ion. 

K4Fe{CN)6 +[Fe(CN)6]^- 

Complex ioD 

Cu(NH 3 >4 SO 4 [Cu(NH 3 >4 + sof- 

Con^lex ion 


(b) The properties of the solution are different from the 
properties of the substances from which it has been constituted. 

(iv) Mixed salts; The salt which furnishes more than one 
cation or more than one anion when dissolved in water is called a 
mixed salt. 


Examples are: 



"Nav Na’x . 

NH 4 ^P 04 
K''^ H / 


Acidic, Basic and Amphoteric oxides 

(i) Non-metal oxides are acidic, they dissolve in water to form 
acid. These oxides form salt with bases. 


e.g., S 02 ,S 03 ,P 40 [q,C 02 ,N 02 ,N 205 
Si 02 ,B 203 


|Non-metal oxides 


Some Transition metal oxides are also acidic. 

e.g., CrG 3 ,Mo 03 ,W 03 ,Mn 202 

CO2 +H2O->H2C03 (Carbonic acid) 

2 NO 2 + H 2 O-> HNO 2 + HNO 3 (Nitrous and nitric acid) 

P2O5+3H2O-> 2H3PO4 

(Phosphoric acid) 


NaOH + SO 3 -> NaHS 04 

Salt 


2KOH+ CO 2 -> K 2 CO 3 + H 2 O 

Salt. 

(ii) Usually, oxides of highly electropositive metals are basic. 
These oxides dissolve in water to form base and they form salt 
with acids. 

e.g., NajO, K 2 O, MgO, CaO, SC 2 O 3 , TiOj, Zr 02 
Na 20 + H 20 -> 2NaOH 

(Sodium hydroxide, a base) 


CaO + 2HC1-> CaClj + H 2 O 

Salt 


Mg + H2SO4- ) MgS 04 + H2O 

Salt 

(iii) Oxides of metalloids and less electropositive metals are 
amphoteric. These oxides form salt with both acids and bases. 
e.g., BeO, Al 203 ,Ge 0 , SnO, Sb 203 ,PbO 

ZnO, Cr 203 

AI 2 O 3 + 6HC1->• 2 AICI 3 + 3 H 2 O 

AI 2 O 3 + 2NaOH-> 2 NaA 102 + H 2 O 


id J IONIC PRODUCT OF WATER 

Pure water is a very weak electrolyte and ionises according to the 
equation, 

H 20 ^^H'"+ 0 r 

Applying law of mass action at equilibrium, the value of 
dissociation constant, K comes to 

[H 2 O] 

or [H’"][ 0 H^]=ii:[H 20 ] 


Since, dissociation takes place to a very small extent, the 
concentration of undissociated water molecules, [H 2 O], may be 
regarded as constant. Thus, the product K [H 2 O] gives another 
comtant which is designated as . So, 

. [E^][Oir.]=K„ 

The constant, , is termed as ionic product of water. 


The product of concentrations of and OH” ions in 
water at a particular temperature is known as ionic product 

of water. The value of K,,, increases with the increase of 
temperature, i. e.,the concentration of H'*' and OH“ ions inaeases 


with increase in temperature. 


lerature (°C) 

Value o{K,„ 

0 

0 . 11 x 10 ”*" 

10 

0.31x10”*" 

25 

1.00 xlO”*" 

100 

7.50x10”*" 


The value of at 25''C is lx 10 Since, pure water is 


neutral in nature, H ion concentration must be equal to OH 
ion concentration. 


[H^]=[OH“]=x 

or [H^][OH~]=x^ =1x10“'^ 

or x=lxlO“^M 

or [H^ ]=[OH^ ] = 1 x 10 ^^ mol litre”* 


This shows that at 25° C, in 1 litre only 10 ’ mole of water 
is in ionic form out of a total of approximately 55.5 moles. 

When an acid or a base is added to water, the ionic 
concentration product, [H ''' ][OH” ], remains constant, i. e ., equal 
to but concentrations of H ^ and OH” ions do not remain 
equal. The addition of acid increases the hydrogen ion 
concentration while that of hydroxyl ion concentration 
decreases, i. e., 

[H"^ ] > [OH” ]; (Acidic solution) 


Similarly, when a base is added, the OH ” ion concentration 
increases while H ion concentration decreases, 
i.e., [OH”]>[H'^]; (Alkaline or basic solution) 

In neutral solution, [H'*' ] = [OH” ] = 1 x 10”^ M 
In acidic solution, [H"^ ] > [OH” ] 
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or [H^]>1 x10"’M 

and [OH"]<lxlO“’M 

In alkaline solution, [OH“ ] > [H^ ] 
or [OH“]>lxlO“’AT 

and [H^]<lxlO“^ Af 

Thus, if the hydrogen ion concentration is more than 
1X lO""’ Af, the solution will be acidic in nature and if less than 
1X10'^ Af,the solution will be alkaline. 

[H^] = 10-^ 10“‘ 10“^ 10'^ 10"^ 10“^ 10'^ (Acidic) 
[H^]= 10-’ (Neutral) 

[H‘"] = 10^“’ 10"*^ 10“” lO''" 10"’ 10‘* (Alkaline) 


We shall have the following table if OH ” ion concentration is 
taken into account: 


[OH“] = 10“"' 

o 

o 

! 

i3 

10 "" 

10 “'« 

10 “" 

10 “^ 

(Acidic) 

[OH“] = 

10 “’ 





(Neutral) 

[OH-] = 10^ 

10 “' 10 “’ 

10 “’ 

10 “" 

10 “’ 

10 “^ 

(Alkaline) 


It is, thus, concluded that every aqueous solution, whether 
acidic, neutral or alkaline contains both H and OH " ions. The 
product of their concentrations is always constant, equal to 
1x10“''* at 25° C. If one increases, the other decreases 
accordingly so that the product remains 1 x 10“''' at 25° C 
If [H^] = 10“2 m, then [OH“] = 10“'2 Af; the product, 
[H''][OH“] =10“2 x 10“'^ = 10“'*' ; the solution is acidic. 

If [H’"] = 10“‘® Af, then [OH“] = 10“''Af; the product, 
[H^ ][OH“ ] = 10“"' X 10“'* = 10“'“'; the solution is alkaline. 

iff HYDROGEN ION CONCENTRATION— 
pH SCALE 

It is clear from the above discussion that nature of the solution 
(acidic, alkahne or neutral) can be represented in terms of either 
hydrogen ion concentration or hydroxyl ion concentration but it 
is convenient to express acidity or alkalinity of a solution by 
referring to the concentration of hydrogen ions only. Since, H ^ 
ion concentration can vary within a wide range from 1 mol per 
litre to about LOx 10 “*'' mol per litre, a logarithmic notation has 
been devised by Sorensen, in 1909, to simplify the expression of 
these quantities. The notation used is termed as the pH scale. 

The hydrogen ion concentrations are expressed in terms of the 
numerical value of negative power to which 10 must be raised. 
This numerical value of negative power was termed as pH, i. e., 

[H^] = 10“P" 

or log [H" ] = log 10“P" =-pHlog 10=-pH 


or pH = log- 

[H"] 

pH of a solution is, thus, defined as the negative logarithm of 
the concentration (in mol per litre) of hydrogen ions which it 
contains or pH of the solution is the logarithm of the reciprocal 
of H ^ ion concentration. 

Just as pH indicates the hydrogen ion concentration, the pOH 
represents the hydroxyl ion concentration, i. e., 

pOH = -log[OH“] 

Considering the relationship, 

[H'"][OH“ ]=/:,, =1x10“"' 

Taking log on both sides, we have 

log [H" ] + log [OH “ ] = log = log (1x10“"') 
or -log[H'']-log[OH ]=-logi:,, =-log(lxl0“"') 
or pH+ pOH = pAr* = 14 

i. e ., sum of pH and pOH is equal to 14 in any aqueous solution at 
25° C. The above discussion can be summarised in the following 
manner: 



. . 



• -.t --i— -- 


, [H"j 

IOH~I 

..pH pOH 

Acidic solution 

Neutral solution 

Basic solution 

> 10 “' 
10“’ 
<10“’ 

' < 10 “’ 
10 “’ 
> 10 “’ 

<7 >7 

7 7 

>7 <7 








pOh’ V ' 

Nature of solution 

10 ° 

lO-"* 

0 

14 

Strongly acidic 

10 “’ 

10 “'’ 

2 

12 

Acidic 

10 “’ 

10 “" 

5 

9 

Weakly acidic 

10 “’ 

10 “’ 

7 

7 

Neutral 

10 “® 

10 “’ 

9 

5 

Weakly basic 

10 “" 

10 “’ 

11 

3 

Basic 

J 0“14 

10 ® 

14 

0 

Strongly basic 


The following table shows the pH range for a few common 


substances: 

ISubstenw pH range ^bstance' pH range 

Gastric 1.0-3.0 Milk (cow) 6.3- 6.6 

contents 

Soft drinks 2.0 - 4.0 Saliva (human) 6.5 - 7.^ 

Lemons 2.2-2.4 Blood plasma (human) 7.3-7.5 

Vinegar 2.4-3.4 Milk of magnesia 10.5 

Apples 2.9 - 3.3 Seawater 8.5 

Urine 4.8 - 8.4 

(human) 


or pH=-log[ir] 

*pJir value: p stands for negative logarithm. Just as H'*' and OH “ ion concentrations range over many negative powers pflO, it is convenient to 
express them as pH or pOH, the dissociation constant (K ) values also range over many negative powers of 10 and it is convenient to write them as pK. 
Thus, pA^ is the negative logarithm of dissociation constant. 

P^a=-log^a and pIT* =-logJs:i 
Weak acids have higher piT,, values. Similarly, weak bases have higher pATj values. 
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Any method which can measure the concentration of ions 
or OH“ ions in a solution can serve for finding pH value. 

Limitations of pH Scale: (i) pH values of the solutions do 
not give us immediate idea of the relative strengths of the 
solutions. A solution of pH = 1 has a hydrogen ion concentration 
100 times that of a solution of pH =3 (not three times). A 
4x10“^ N HCl is twice concentrated of a 2x10"^ N HCl 
solution, but the pH values of these solutions are 4.40 and 4.70 
(not double). 

(ii) pH value of zero is obtained in 1 A solution of strong acid. 
In case the concentration is 2 N, 3 N, 10 N, etc. The respective 
pH values will be negative. 

(iii) A solution of an acid having very low concentration, say 
10'* N, cannot have pH 8 , as shown by pH formula, but the 

actual pH value will be less than 7. 

[Note: (i) Normality of strong acid = [HjO^ ] 

Nomality of strong base = [OH"} 
pH = - log [iV ] for strong acids 
pOH = - log [AT ] for strong bases 

(ii) Sometimes, pH of acid comes more than 7 and that of base 
comes less than 7. It shows that the solution is very dilute; in 
such cases, H or OH" contribution from water is also 
considered, eg., in 10“* N HCl, 

[H"]To.a.=[ 10 -®kid + [ 10 “^Wr 

= 11x10"* M = 1.1x10"’ M 

(iii) pH of mixture: Let one litre of an acidic solution of pH 2 be 
mixed with two litre of other acidic solution of pH 3. The 
resultant pH of the mixture can be evaluated in the following 
way: 

. V .Sampled" , 

pH = 2 pH=3 

[H^]=10“’Af [H‘']=10“*M 

F = 1 litre V = 2 litre 


M,F,+M#j=M^(F, + Fj) 

10 '^xl+ 10 “*x 2 = M;;(l+ 2 ) 

12 x 10 '* 

3 ^ 

4 X 10 * = Mj, (Here, Mg = Resultant molarity) 
pH =-log (4 x 10“*) 


(iv) Total concentration of [H* ] or [H 3 O] in a mixture of weak add 
and a strong acid 

_ C; + ^cf+ 4ji:^Ci 
2 

where, Cj is the concentration of weak acid (in mol litre”') having 
dissociation constant and is the concentration of strong acid. 

(v) Let us consider mixture of two weak acids HA and H5. 


[H"] = [J-] + [5-] + [OH”] 


[H^ 


[H+ ] [H"^ 


[E^] = ylK^[EA]+Ki,[}iB] + K„ 

= ^CK~aCK,^K, 

(vi) Let us consider mixture of two weak bases ^OH and 50H 
with dissociation constant K^,K 2 and concentration Ci,C 2 
respectively 

[OH"] = VQ^i 


pH OF WEAK ACIDS AND BASES 

Weak acids and bases are not completely ionised; an equilibrium 
is found to have been established between ions and unionised 
molecules. Let us consider a weak acid of basicity *«’. 

^H„ + nH^ - 

<=o c 00 

'«! C(1 - a) Ca nCa. 

[H"] = nCa; .-. pH=-log,o [nCa] ... (i) 
For monobasic acid, n - 1 

pH=-log,Q[Ca] ; ... (ii) 

Dissociation constant of acid may be calculated as: 

_[Ca][«Ca]'' 




[AE„] 

a[nCaT 

(1-a) 


C(l-a)- 

[for weak acids, a << 1 
-■.(1-«)=1] 


= a[«Ca]'' 
nCK„ =nCa[nCaT 
[nCa] = [nCA:j”<”*’> 

1 


pH = 


(« + l) 

For monobasic acid, « = 1 


logic ) 


Since, 


pH = -log,oV^ 
=a[nCaT 
K„ 


. (iii) 


... (iv) 


a _ 


a 


(«Ca)" 


[nCa] = 

pH= 


Mn 


log 


10 


= [H^] 

K a 


For n-\, 


pH=-log,o 




a 


...(V) 

... (Vi) 


On applying charge balance 
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• ‘ - Exam|)le 28, The hydrogen ion concentration of a solution 
is 0.001 M. What will be the hydroxyl ion concentration of 
solution? 

Solution: We know that, [H^ ][OH“ ] = 1.0 x 10““* 

Given that, [H^ ] = 0.001 M = 10'^ M 




1.0x10“ 


29. What is the pH of the following solutions? 

(a) 10“^ M HCl (b) O.OOOIM NaOH (c) O.QOOIM H 2 SO 4 

Solution: HCl is a strong electrolyte and is completely 
ionised. 

HC1^=^H^+Cr 
So, [H+] = 10“^M 

pH=^ log [H^]=-log (10-3 ) = 3 

(b) NaOH is a strong electrolyte and is completely ionised. 


NaOH; 


:Na^ +OH“ 


So, [OH^ ] = 0.0001M = lO"* M 

pOH = -log(10-^)=4 
As pH+pOH = 14 

So, pH + 4 = 14 or pH=10 

Alternative method: [OH“ ] = 10”'* M 
We know that, [H ■"][OH“ ] = 1.0x10““' 

So. [H^] = H^ = 10-'«M 

10^ 

pH = -log[r]=-log(10-'°)=10 

(c) H2SO4 is a strong electrolyte and is ionised completely. 

H2S04+=^2H'"+S05“ 

One molecule of H2SO4 furnishes 2H ^ ions. 

So, [H‘'] = 2xl0”* Af 

. pH = -log[H^] 

= -log(2xl0“*)=3.70 

!%g^jgxi^ple 30. Calculate the pH of the following solutions 
assuming complete dissociation: 

(a) 0365 gr'HCl solution 

(b) O.OOlM Ba(OH )2 solution. 

Solution: (a) Mole, m^s of HCl = 36.5 

Concentration of HCl = = 1.0x10”^ mol L”' 

36.5 

HCl is a strong electrolyte and is completely ionised. 

So, [H^] = lxl0”^ molL”' 

pH=-log [H ^ ]=-log (1X 10“3 ) = 2 
(b) Ba(OH)2 is a strong electrolyte and is completely ionised 


Ba(OH)2 Ba + 20H” 

One molecule on dissociation furnishes 2 OH” ions. 

So, [OH”] = 2 x10-3m 

pOH=-log[OH“] 

= -log (2 x 10”3) = 2.7 
We know that, pH + pOH = 14 
So, pH = (14-2.7) = 11.3 

Example 31. Find the pH of a 0.0Q2N acetic acid solution, 
if it is 2.3% ionised at a given dilution. 

2 3 

Solution: Degree of dissociation, a = = 0.023 

100 

Concentration of acetic acid, C = 0.002 Af 
The equilibrium is, 

CH3C00H^=^CH3C00” + H^ 

C(l-a) Ca Ca 

So, [H^ ] = Ca = 0.002 x 0.023 

= 4.6xl0”*M 
pH=-log[r] 

=-log (4.6 xl0“3) = 4.3372 

^^Hiaiaple 32. Calculate the pH value of a solution 
obtained by mixing 50 mL of 0.2 N HCl with 50 mL o/O.l N 
NaOH. 

Solution: Number of milli-equivalents of the acid 
= 50x0.2 = 10 

Number of milli-equivalents of the base 
= 50x0.1 = 5 

Number of milli-equivalents of the acid left after the Edition 
of base 

= (10-5)=5 

Total volume of the solution = 50+50 = 100 mL 
Thus, 5 milli-equivalents of the acid are present in 100 mL of 
solution. 

or 50 milli-equivalents of the acid are present in one litre of 
solution. 

or 0.05 equivalents of the acid are present in one litre of 
solution. 

The acid is monobasic and completely ionised in solution. 

0.05 iV HCl = 0.05 M HCl 
So, [H^] = 0.05M 

pH=-log [H^] = - log 5x10”^ =-[log 5.0+ log 10“3] 

- =-[0.70-21 = 1.3 

g+’-Eiample 33. What will be the pH of a solution obtained by 
mixing 800 mL of 0.05 N sodium hydroxide and 200 mL ofO.lN 
HCl, assuming the complete ionisation of the acid and the base? 

Solution: Number of milli-equivalents of NaOH 

= 800x0.05=40 

Number of milli -equivalents of HCl = 200 x 0.1 = 20 

Number of milli-equivalents of NaOH left after the addition of 
HCl 

= (40-20)= 20 ^ 
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Total volume = (200 + 800) mL = 1000 mL = 1 litre 


20 railli-equivalents or 0.02 equivalents of NaOH are present 

in one litre, i. e. 

5 

0.02 iV NaOH = 0.02 MNaOH (Mono-acidic) and the base is 
completely ionised. 

So, 

[OH”] = 0.02M 

or 

[OH”] = 2xlO”^ M 


pOH=-log (2xl0'^) = 1.7 

We know that, pH + pOH = 14 

So, 

pH = (14-1.7) = 12.3 

Exanaple 34. What is the hydrogen ion concentration of a 
solution {ij whose pH is 12, (ii) whose pH is 5.6 ? 

Solution: 

(i) 

pH = -log[H''] 

or 

log[H’']=-pH = -12 


[H"'] = 10”’^ A/ 

(ii) 

pH = -log [H"] 

or 

log[H'']=-5.6 

or 

in’"] =10”^-■ =10"®- X 10®"* =2.5x 10”® M 


■ H 35. How many moles of calcium hydroxide must 

be dissolved to produce 250 mL of an aqueous solution of pH 
10.65? Assume the complete ionisation. 

Solution: We know that, 

pH+pOH = 14 

So, pOH = (14-10.65) = 3.35 

[OH“] = 10'^-^^ =10"* xio'’-^ 

= 4.47x10”^ M 

One molecule of Ca(OH )2 furnishes 2 OH " ions. 

Hence, concentration of 

4 47 X 10^ 

Ca(OH )2 =-^— -=2.235 x 10^ M . 

2 2*^^ X 10”^ 

No. of moles in 250mL = —^-= 5.58 x 10“^ 

4 

. Bllinipie 36. The pH ofO.lM hydrocyanic acid solution is 
5.2. What is the value ofK^ for hydrocyanic acid? 

Solution; pH=- log [H^ ] 

or log [H^]=-pH = -5.2 

[H"^] = 10'^^ =10-^ xl0°* 

= 6.3xl0”®M 


. , ^ . . [H+] 6.3x10-^ 

a , degree of dissociation = ^ — 


= 6.3x 10"^ 


According to Ostwald’s formula for weak electrolyte, 
= a^C = 6.3x10“^ x6.3xl0“^ xO.l 


= 3.69x10"’® 

H^i^iple 37. Calculate the pH of the following solutions: 
(0 1.0x10"* M HCl, (ii) 1.0 X10"* M NaOH 

Solution: (i) The neutral water has|H^ ] = 1 x 10"^ M - 
By adding 1.0 x 10"* M HCl, a concentration of 1.0 x 10"* M 
H ^ ions has increased in solution. 

Thus, total[H^] = (lx 10"’’ + lx 10"*)iH 
= (lxl0"’+0.1x10”’)A/ 

= 1.1x10"’M 

pH=-log(l.lxl0”’)=-[log 1.1+log 10”’] 
= -[0.0414-7.0]= 6.9586 
(i) The neutral water has [OH"‘ ] = 1 x 10”’ M 
By adding 1.0xl0”*Af NaOH, a concentration of 
1.0 X 10”* M OH” ions has increased in solution. 

Thus, total [OH" ] = (1 x 10"’ +1.0 x 10"* )M 
= 1:1 x 10”’M 
pOH=-log 1.1x10"’ 

= 6.9586 

pH=(14 - pOH) = (14 - 6.9586) = 7.0414 

j -^E^niple38. Calculate the S^~ ion concentration in a 
saturated solution {Q.lM)ofH 2 S whose pH was adjusted tolby 
the addition of HCl. {K„=\.\x 10"^') 

Solution: H 2 S 2H + + S^” 

K tS^~] 

" “ [H^S] 

or = 

[H^]’ 

pH = 2; So, [H^] = 1 x10”’M 

H 2 S is a weak electrolyte, So, [H 2 S] = 0.1M 


Exiainple 39. What is the hydrogen ion concentration of 
0.1 N CH^COOH solution? The ionisation constant of 
CHjCOOH is 1.8 X 10"^ What is the pH of the solution? 

(nT'i9?3) 

Solution: Let the degree of dissoc-Ution be ‘a’. 

CH^COOH is a weak electrolyte; thus, 
a^C = K^ 
a’X 0.1= 1.8x10”^ 

or 0 = 1.34x10”^ 

[H'-]=a-C = 1.34xl0”^ x0.1 = 1.34xl0"^ M 
pH=- log [H^ ]=- log 1.34 x 10"’’ = 2.8729 




Ionic Equilibrium 



19. At 90°C, pure water has [HjO^] = 10“^ M. What is the 

value of at this temperature? [CBSE (Med.) 2006] 

(a) 10"® (b)10"“ (c)10"’^ (d)10"'‘* 

[Ans. (b)] 

[Hint: [HjO^ ] = [OH" ] = 10"® M 

a:„ = [H 30 +][OH"]= 10-12] 

20. The pH of 0.5 M aqueous solution of HF =2x 10"'') is: 

(a) 2 (b)4 (c)6 (d) 10 

[Ans. (a)l 

[Hint: [H+ ] = = ^0.5 x 2 x 10“^ = lO'^ M 

pH = -logia [r]=-logl0-2 = 2] 

21. The hydroxyl ion concentration in a solution having pH value 
3 will be;- 

(a)10""M (b)10"''M (c)10-2m (d)10-'‘'M 

[Ans. (a)] 

[Hint: pH + pOH = 14 

pOH = 14-pH = 14-3 = ll 

[OH" 1=10-'’°“ =10"" M] 

22. A 50 mL solution of pH = 1 is mixed with a 50 mL solution of 
pH = 2, The pH of the mixture will be nearly: 

(a) 0.76 (b)1.26 (c)1.76 {d)2.26 

[Ans. (b)] 

[Hint; pH = l,[Hi']=10-'A/ 
pH = 2,[H^]=10-2Af 

MiF,= + K 2 ) 

10"' X 50 + 10-2 X 50 = X 100 

Mj, = 5.5 X 10"2 M 

(Resultant molarity of H'^ ions) 
pH = -log 5.5x10-2 = 1,26] 

23. The pH of a solution obtained by mixing 50 mL of 0,4 N HCl 
and50mLof0.2ANaOHis; 

(a)^og2 (b)-log 0.2 (c)l (d)2 

[Ans. (c)] 

[Hint: = (F, + F,) 

0.4 X 50 - 0.2 x50 = N„ X 100 
=0.1 

[H''] = 0.1Af 

pH = -log[Hi'] = -log0.1 = l] 

24. What will be the pH value of 0,05 M Ba(OH )2 solution? 

[PMT (Raj.) 2006] 

(a) 12 (b)13 (c)l (d) 12.96 

[Ans. (b)] 

[Hint: Ba(OH),-> Ba2+ + aOH" 

0,05 M ^ 2X0.05M 

= 0.1 M 
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25. Equal volumes of three acid solutions of pH 3,4 and 5 are 

mixed in a vessel. What will be the H^ ion concentration in the 
mixture? ' [CBSE (PMT) 2008] 

(a) 3.7 X 10-(b) 1.11 x 10" 

(c) 1,11x10"% (d) 3.7x10"% 

[Ans.(d)] 

[Hint: [H+ ] = 10"%, [H+ ] = lO’* M, [H"^ ] = 10" ’ M for the 
given acids. 

= ^1^1 + M2V2 + M3F3 

X 3 = 10"% 1 + 10“% 1 + 10"% 1 

Ill.^.^£L37 x10-®M 

mix 3 3 

= 3.7 X 10-“ Afj 

BUFFER SOLUTIONS 

For several purposes, we need solutions which should hav^ 
constant pH. Many reactions, particularly the biochemical 
reactions, are to be carried out at a constant pH. But it is observed 
that solutions and even pure water (pH = 7) cannot retain the 
constant pH for long. If the solution comes in contact with air, it 
will absorb COj and becomes more acidic. If the solution js_ . 
stored in a glass bottle, alkaline impurities dissolve from glass 
and the solution becomes alkaline. 

A solution whose pH is not altered to any great extent by the 
addition of small quantities of either an acid (H ions) or a base 
(OH - ions) is called the buffer solution. It can also be defined as a 
solution of reserve acidity or alkalinity which resists change of pH 
upon the addition of small amount of acid or alkali. 

General Characteristics of a Buffer Solution 

(i) It has a definite pH, i.e., it has reserve acidity or 
alkalinity. 

(ii) Its pH does not change on standing for long. 

(iii) Its pH does not change on dilution. 

(iv) Its pH is slightly changed by the addition of small 
quantity of an acid or a base. 

Buffer solutions can be obtained: 

(i) by mixing a weak acid with its salt with a strong base, 

e.g., 

(a) CHjCOOH+CHjCOONa 

(b) Boric acid + Borax 

(c) Phthalic acid + Potassium acid phthalate 

(ii) by mixing a weak base with its salt with a strong acid, 

c.g., 

(a) NH 4 OH + NH 4 CI 

(b) Glycine + Glycine hydrochloride 

(iii) by a solution of ampholyte. The ampholytes or 
amphoteric electrolytes are the substances which show properties 
of both an acid and a base. Proteins and amino acids are the 
examples of such electrolytes. 


pOH = - log [OH" ] = - log 0.1 = 1 
pH = 14 -1 = 13] 
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(iv) by a mixtxire of an acid salt and a normal salt of a 
polybasic acid, e.^.,Na 2 HP 04 +Na 3 P 04 or a salt of weak acid 
and a weak base, such as CH 3 COONH 4 . 

The first and second type are also called acidic and basic 
buffers respectively. 

Explanatton of Buffer Actkm 

, (I) Acidic buffer: Consider the case of the solution of 
acetic acid containing sodium acetate. Acetic acid is feebly 
ionised while sodium acetate is almost completely ionised. The 
.mixture thus contains CHjCOOH molecules, CHjCOO” ions, 

Na * ions, ions and OH^ ions. Thus, we have the following 
equilibria in solution: 

CH 3 COOH H ^ + CH 3 COO' (Feebly ionised) 

CH 3 COONa ?=^Na‘'’ +CH 3 COO' (Completely ionised) 
HjO+ OH" , (Very feebly ionised) 

When a drop of strong acid, say HCl, is added, the H ^ ions 
furnished by HCl combine with CH 3 GOO' ions to form feebly 
ionised CH 3 COOH whose ionisation is further suppressed due to 
common ion effect. Thus, there will be d very slight effect in the 
overall ion concentration or pH value. 

When a drop of NaOH is added, it will react with free acid to 
form undissociated water mqlpcules. 

CH 3 COOH + OH' ^=iCH 3 COO' +H 2 O 
Thus, OH“ ions furnished by a base are removed and pH of 
the solution is practically unaltered. 

(ii) Busk buffer: Consider the case of the solution 
containing NH 4 OH and its salt NH 4 CI. The solution will have 
NH 4 OH molecule, NH 4 ions. Cl' ions, OH' ions and H^ ions. 

NH 40 H^=i NHj + OH' (Feebly ionised) 

NH 4 CI NH/ + Cr (Completely ionised) 

H 2 G H^ + OH' (Very feebly ionised) 

When a drop of NaOH is added, the added OH ' ions combine 
with NH^^ ions to form feebly ionised NH 4 OH whose ionisation 

is further suppressed due to common ion effect. Thus, pH is not 
disturbed considerably. 

NH+ + 0H~ ^NH40H 

(From strong base) 

When a drop of HCl is added, the added H ^ ions combine 
with NH 40 Hto form undissociated water molecules. 

NH 4 OH+ H^ ^=^NH/ +H 2 O 

' t 

(From strong acid) 

Thus, pH of the buffer is practically unaffected. 

Diagramatic R^pia^ifetion of Buffer Actton 

Add Buffer (CH, COOH + CH 3 COONa) 

&tse Buffer (NH 4 OH + NH 4 CI) 





Hentl^rson’s Equation (|rt1 of a buffer) 

0) AcMk buffer: It consists of a mixture of weak acid and 
its salt (strong electrolyte). The ionisation of the weak acid, Hi4, 
can be shown by the equation, 

+A- 


or 


Applying law of mass action, 

mi 

[IW] 




[A-] 


...(ii) 


It can be assumed that concentration of ions from 
complete ionisation of the salt BA is too large to be compared 
with concentration of A ~ ions from the acid EA. 


+A~ 


Thus, [Ikl] = Initial concentration of the acid as it is feebly 
ionised in presence of common ion 

and [A~]= Initial concentration of the salt as it is completely 
ionised. 


So, 




[Acid] 


[Salt] 

Taking logarithm and reversing sign, 
-log[H^]=-logi:,-log 


[Acid] 

[Salt] 


or 


pH=iog^-iog^:, 

[Acid] 


or pH = pA: +log — 

[Acid] 

This is known as Henderson’s equation. 

When 15^ = 10, then 
[Acid] 


... (iii) 


...(iv). 


and when 


[Salt] 

[Acid] 


_L 

10 


pH = l + p^^ 
,then 


pH = pA:^ -1 
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So, weak acid may be used for preparing buffer solutions 
having pH values lying within the ranges p^^ + 1 and pAT^ - L 
The acetic acid has a of about 4.8; it may, therefore, be used 

for making buffer solutions with pH values lying roughly within 
the range 3.8 to 5.8. 

(ii) Basic buffer: It consists of a weak base and its salt with 
strong acid. Ionisation of a weak base, 50H, can be represented 
by the equation, 

50H?=^B+ +0H“ 


or 


Applying law of mass action, 

[g^][OH~] 
[50H] 
[50H] 


K, 


[OH-] = K 






... (ii) 


As the salt is completely ionised, it can be assumed that whole 
of 5^ ion concentration comes from the salt and contribution of 
weak base to ions can be ignored. 


BA 


So, 


[OE]=K, 


^B* +A' 

[Base] 

’ [Salt] 


(Completely ionised) 
... (iii) 


or 


or 


pOH = log^!fl;-logi:j 


[Base] 
pOH=plC 5 + log 


[Salt] 


... (iv) 


[Base] 

Knowing pOH, pH can be calculated by the application of the 
formula, 

pH+pOH = 14 

Buffer capacity: The property of a buffer solution to resist 
alteration in its pH value is known as buffer capacity. It has been 

found that if the ratio or is unity, the pH of a 

[Acid] [Base] 

particular buffer does not change at all. Buffer capacity is defined 
quantitatively as number of moles of acid or base added in one 
litre of solution as to change the pH by unity, i.e., 


Buffer capacity 


(<t>) = 


No. of moles of acid or base added to 1 litre 
Change in pH 


or 




db 


where, db -> number of moles of acid or base added to 1 litre 

solution and 3(pH) -—»change in pH. 

Buffer capacity is maximum: 

(i) When [Salt] = [Acid], i. e., pH pAT^ for acid buffer 

(ii) When [Salt] = [Base], Le., pOH = pAT^ for base buffer 
under above conditions, the buffer is called efficient. 


Utility of Buffer Solutions in Analytical Chemistry 

Buffers are used: 

(i) To determine the pH with the help of indicators. 


(ii) For the removal of phosphate ion in the 
qualitative inorganic analysis after second group using 
CHj COOH + CHj COONa buffer. 

(iii) For the precipitation of lead chromate quantitatively 
in gravimetric analysis, the buffer, CH 3 COOH+ 
CHjCOONa, is used. 

(iv) For precipitation of hydroxides of third group of 
qualitative analysis, a buffer, NH 4 CI + NH 4 OH, is used. 

(v) Abuffer solution of NH 4 Cl,NH 40 Hand (NH 4 )2 CO 3 is 
used for precipitation of carbonates of fifth group in 
qualitative inorganic analysis. 

(vi) The pH of intracellular fluid, blood is naturally 
maintained. This maintenance of pH is essential to 
sustain life because, enzyme catalysis is pH sensitive 
process. The normal pH of blood plasma is 7.4. 
Following two buffers in the blood help to maintain pH 
(7.4): 

(a) Buffer of carbonic acid (H 2 CO 3 and NaHC 03 ) 

(b) Buffer of phosphoric acid (Hj PO 4 , HPO^^ ) 

Buffers are used in industrial processes such as manufacture 
of paper, dyes, inks, paints, drugs, etc. Buffers are also employed 
in agriculture, dairy products and preservation of various types of 
foods and fruits. 

Solved ExamplesMSS;;^ 


gj jjffiple- 40. ne pH of a buffer is 4.745. When 0.01 mole 
of NaOH is added to 1 litre of it, the pH changes to 4.832, 
calculate its buffer capacity. 

Solution: From definition, 

Buffer capacity ((})) =- 

3[pH] 


3(pH) = (4.832 - 4.745) = 0.087; 
Substituting given values. 


0.01 

0.087 


= 0.115 


db = 0.01 


J'i'^^-.JExampie 41. Suppose it is required to make a buffer 
solution of pH = 4, using acetic acid and sodium acetate. How 
much of sodium acetate is to be added to \ litre of N HO acetic 
acid? 

Dissociation constant of acetic acid =1.8x10^^. 

Solution: Applying Henderson’s equation, 

pH = logl^~logA:, 

[Acid] 

4 = log [Salt] - log (0.1) - log 1.8 x 10“^ 

So, log [Salt] = (4- 1- 5+ 0.2552)= 2.2552 
[Salt] =0.018 g mol 

The molecular mass of CH 3 COONa = 82 

Amount of salt = 0.018 x 82 = 1.476g 

+ Example 42. What is the pH of the solution when 0.2 mole 
of hydrochloric acid is added to one litre of a solution containing 
IM acetic acid and acetate ion? Assume that the total volume is 
one litre. (K^ for CH^COOH = 1.8x10”^*) 
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Solution: On adding HCl, the free hydrogen ions will 
combine with CHjCOO" ions to form CH 3 COOH. Thus, the 
concentration of acetic acid increases while that of CH 3 COO~ 
ions decreases. 

[CH 3 COOH] = (0.2 + 1) = 1.2 mol litre 
[Salt] = (l- 0,2) = 0.8mol litre'* 

Applying Henderson’s equation, 

[Salt] 


pH = log 
= log 


[Acid] 

0.8 


log 


1.2 


log 1.8 X 10" 


= log 2 - log 3 - log 1.8 X 10"^ = 4.5687 

' 43. 20 rtiL of 0.2 Msodium hydroxide is added to 

50 mL of 0.2 M acetic acid to give 70 mL of the solution. What is 
the pH of the solution? Calculate the additional volume of 0.2 M 
NaOH required to make the pH of solution 4.74. The ionisation 
constant of acetic acid fr 1.8 x 10 "^. 

Solution: No. of moles of NaOH in 
0.2 


20mL = 


1000 

No. of moles of acetic acid in 50 mL 


X 20 = 0.004 
0.2 


1000 

When NaOH is added, CHjCOONa is formed. 

CH3COOH+ NaOH 
1 mole 1 mole 


X 50 = 0.01 


^CHjCOONaT H2O 
•1 n»Ie 1 mole 


No. of moles of CHjCOONa in 70 mLsjlution = 0.004 
No. of moles of CH 3 COOHin 70 mL solution 
= (0.01 -0.004) = 0.006 
Applying Henderson’s equation, 

[Salt] 


pH=log 
= log 


[Acid] 

0.004 

0.006 


log Ka 


log 1.8x10"*’ =4.5687 


On further addition of NaOH, th^H becomes 4.74. 
[Salt] 


pH = log 


[Acid] 


log K, 


=log log 1 . 8 x 10 "^ 


[Acid] 

or log = pH + log 1.8 X 10"^ 


[Acid] 


= (4.74-4.7448) = -0.0048 


So, 


log = 1.9952 


[Acid] 


= 0.9891 


[Acid] 

Let ‘y’ moles of NaOH be added. 

[Salt] = (0.004 + x) n»le 
[Acid] = (0.006 - x) mole 


[Salt] _ 0.004+ x 


or 


= 0.9891 

0.989 lx 


[Acid] 0.006-X 
0.004+ x = 0.989lx 0.006- 
x = 0.000972 mole 

Volume of 0.2 MNaOH solution having 0.000972 mole 


1000 


X 0.000972 = 4.86 mL 


Es^ample 44. Calculate the pH of the buffer solution 
containing 0.15 moleof NH^OH and 0.25 mole ofNH^Cl.Kf,for 
NH^OHisl.nxWf 

Solution: Applying the equation, 

[Salt] 

pOH = log-:-—-- logK^ 

[Base] 

A 

= log — -log 1 . 8 x 10 "^ 

0.15 . 

= log 5 - log 3 - log 1 .8 X 10"^ 

= 0.6989- 0.4771+ 4.7448= 4.966 

pH.= (14 - 4.966) = 9.034 

SJiifcMiiple4S. What volume of 0.10 M sodium formate 
solution should be added to 50 mL of 0.05 M formic acid to 
produce a buffer solution of pH 4.0? pK ^ for formic acid is 3.80. 

(irr iwo) 

Solution: Let x mL of 0.10 M sodium formate be added. 

0.10 


No. of moles in x mL of 0.10 Af sodium formate = 


1000 


-XX 


No. of moles in SOmLof 0.05 M formic acid = 


0.05 

1000 


X50 


O.lOxx 

[Sod. formate] _ JOOO 


O.lOx 


[Formic acid] 0.05 x 50 2.5 


^ 0.04 X 


1000 


Applying the equation. 


u , [Salt] 

pH = log-!^ + pis:, 

[Acid] 

4.0=log0.04x+3.8 
or X = 39.6 mL 

Example 46. How many gram moles of HCl will be 
required to prepare one litre of a buffer solution {containing 
NaCNandHCN ) of pH 8.5 using 0,01 gformula mass ofNaCN? 
K^for i7CiV = 4.1x10"*°. 

Solution: Let a mole of HCl be added. It will combine with 
NaCN to form HCN. 

NaCN + HCl-> NaCl + HCN 

a a a 

[NaCN] =(0.01-a) 

[HCN]=u 

Applying the equation, 

[NaCN] 


pH = log 


log if. 


[HCN] 
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8.5 = log ML_£ _ log 4.1 X 10-‘® 


So, log "^^ = 8.5 + 0.6127-10.0= 1.1127 


a 

(0.01-a) 


= 0.1296 
0.01 


= 0.0089 mole 



26. The pH of a solution that is 0.1 M Na^f and 0.1 M H.4 
= 1 x 10 "®) would be: 

(a) 5 (b )6 (c)3 (d) 7 

[Ans. (b)] 

[Hint: pH = pK, + log = - log K, + log 


[Acid] 

= -loglO-®+logH = 6] 


[Acid] 


27. pA^a acetic acid is 4.74. What should be the ratio of 
concentrations of acetic acid and acetate ions to have a 
solution with pH 5.74? 

(a) 1:10 (b) 10 ;l (c)l:l (d) 2 :l 

[Ans. (a)] 

[Acetate ion] 


[Hint; 


pH = + log 

5.74 = 4.74 + log 


[Acetic acid] 
[Acetate ion] 
[Acetic acid] 


[Acetic acid]: [Acetate] =1:10] 

28. What is the pH of the buffer solution containing 0.15 mol of 


NH 4 OH and 0.25 mol of NH 4 CI? 

for NH 4 OH is 

1.98x10"®; 



(a) 10 
[Ans. (b)] 

(b) 9 (c) 9.2 

(d) 10.2 

[Hint: 14 ~ 

.pH = pA:, + log^ 
[Base] 



= - log (1.98 X 10"^) + log 


29. 


pH = 9] 


The pH of a buffer solution of 0.1 M CHjCOOH and OA M 

CHjCOONa is. (pK^ = 4.745). 

(a) 4.745 (b) 3.745 (c) 5,745 (d) 3.255 

[Ans. (a)] 


[Hint; pH = pK^ + log 


[CH3(X)ONa] 
[CH 3 COOH] 

: 4.745+ tog ^ = 4.745] 

0.1 


30. The pH of a buffer solution prepared by adding 10 mL of 0.1 
M CH 3 COOH and 20 mL of O.l M sodium acetate will be: 
(Given: pZ„ of CH 3 COOH = 4.74) 

(a) 4,05 (b)3.04 (c)5.04 (d)3.05 

[Ans. (c)] 


[Hint: 

Number of moles of CH 3 COOH = = o.Ml 

^ 1000 10 «) 

Niunber of moles of CH,COONa = ^ = 0.002 

1000 1000 


pH = pj:„+log 
= 4.74 + log 


[Salt] 

[Acid] 

0.002 

0.001 


= 5.04] 


31. 40 mL of 0.1 M ammonium hydroxide is mixed with 20 mLof 
0.1 M HCl. What is the pH of the mixture? (pKt of ammonia 
solution is 4.74.) (AiiMS 2066) 

(a) 4.74 (b)2.26 (c) 9.26 (d)5 

[Ans. (c)] 

[Hint: Since, ammonium hydroxide is 50% neutralised, hence 


[Salt] = [Base] 

[Salt] 

pOH = p^:* + log,o = 4.74 + log,o 1 = 4.74 
[Base] 

pH = 14 - 4.74 = 9.26] 

32. The p/f^ of a weak acid (HA) is 4.5. The pOH of an aqueous 
buffered solution of Hy4, in which 50% of the acid is ionised, 
is: ' (AiEEE20&7) 

(a) 7.0 (b)4.5 (c)2.5 (d) 9.5 

[Ans. (d)] 

[Hint: pH = pK^ + log,o 

Since, acid is 50% ionised, hence [4" ] = [H4 ] 


or pH = pK^ + log 1 

= 4.5 


33. 


pOH = 14 - 4,5 = 9.5] 

pK^ value of acetic acid is 4.75. If the buffer solution contains 


0.125 M acetic acid and 0.25 M sodium acetate, the pH of 
buffer solution is : IComcd (Karniifaka) 2008] 

(a) 5.05 (b)5.5 (c)4.9 (d) 5.75 

[Ans. (a)] 


[Hint: pH = pK^ + log 
= 4.75 + log 


[Salt] 

[Acid] 

0.25 

0.125 


= 5.05 ] 

47. The dissociation constants for HCOOH and 
CH^COOH are 2.1 X 10"^ and 1.8 x 10”® respectively. Calculate 


the relative strengths of the acids. 

Solution: The strength of the acid is directly proportional to 
the square root of the dissociation constant. 

Strength of the acid »= .^/dissociation constant 


Strength of HCOOH | ^hcooh 
Strength of CH 3 COOH ^ ^chjCooh 


l 2.1xl0~^ 
11.8x10"® 


= 3,415 
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?.:ji Example 48. Freshly precipitated aluminium and 
magnesium hydroxides are stirred vigorously in a buffer solution 
containing 0.05 mol of NH^OH and 0.25 mol L'^ ofNH^Cl. 
Calculate the concentration of aluminium and magnesium ions in 
solution. 

K,. Al(OH). = 6 X 10'^^; K^, NH^OH = 1.8 x 10“^ 




Solution: 


K,^Mg{OH)^=6>tW 


■10 


pOH=logi|^-logi:, 
[Base] 

A AC 

-log [OH-] = log 1^-log 1.8x10-5 


or 


log [OH-] = log 


1.8x10- 


[OH-] = 0,36x10-5 mol L-' 


[A15^] 


a: A 1 ( 0 H )3 6 x 10 


■32 


[OH-] 


....,3 


(0.36x10-5)5 


= 1.29x10-*® molU 


rx. 2 ., ^spMgCOmz 
[Mg ]=- 


6 x 10 


-10 


[OH-]^ 


(0.36x10-5)5 


= 46.3 mol L- 


ivi Example 49. Calculate the pH at which Mg(OH )2 begins 
to precipitate from a solution containing 0.10 M Mg ions. 

rn^ . (11X1992) 

=IMg5"][OH-]5 


iK,^MgiOH)2 =1.0x10-'^) 

Solution: K Mg(OH )2 =1.0x 10- 


or 

or 


[OH-] 


2 _ 


= (0.10)[OH-]5 

1 . 0 x 10 - ' 
O.IO 


: 1 X 10 


,-10 


[OH-] = lxlO- 


[H"] = 


1 x 10 


■14 


1 x 10 


,-5 


= 1 x 10 - 


pH=-log [H'']=-log (1 x10-® ) = 9.0 

Example 50. An aqueous solution of metal bromide, 
MBr 2 (0.05 M ) is saturated with HjS. What is the minimum pH 
at which MS will precipitate? for MS = 6.0 x lO'^’, cone, of 


saturated H 2 S = 0 . 1 M. 


.^1 = 10“' and K 2 = 1.3 x 10'*" /orZ/jS (IIT 1993 ) 

Solution: The minimum concentration of S^" iom required 

to precipitate M S is, 

rc2-T 6.0x10-5' 

[S-= ]=- ^ 


[m5^] 0.05 

H 2 S ionises in solution in two steps: 


1.2x10-'® M 


H 2 S: 


■ H^ +HS-; = 10 " 


HS-:p^H^+S5-; ATj = 1.3x 10“'5 
[H"][HS-]_^ 


[H 2 S] 


and = 


Hence, 


K,K2 = 


[H 2 S] 


+ ^ 1 ^ 2 [H 2 S] 10-5 X 1.3x10"*^ X 0,1 

or [H f=_L^_2-i =----- 

[S5-] 1.2x10-'® 

= 1.08x10-5 


-13 


So, [H^ 1 = 1.04x10- 


pH=-log [H"] =- log (1.04 X 10-' )= 0.98 

K^Example 51. The pH of blood stream is maintained by a 
proper balance of H 2 CO 3 and NaHCOy concentrations. What 
volume of 5 M NaHC 03 solution should be mixed with a 10 mL 
sample of blood which is 2M in H 2 CO 2 , in order to maintain a 
pH ofl.M ? for H 2 CO 3 in blood is 7.8 x 10 -’. (hj 1993 ) 

Solution: Let V mL of 5 MNaHCOj solution be mixed. 

Total volume = (F + 10) mL 

Cone. ofH 2 C 03 andNaHC 03 in the solution becomes 
[NaHC 03 ]= 


■M 


and 


(F + 10) 


tr+ 10 ) 

Now applying Henderson’s equation, 

[NaHCOj] 


pH=-log^^ +log 


[H 2 CO 3 ] 


-74 , -70 in-7 , 5 xF (F + 10) 

7.4 = - log 7.8 X 10 + log-:— X 


= -log 7.8x10-5 + log 

log- = 7.4 +log 7.8x10-5 

4 


or 


(F+10) 
F 


2 x 10 


F = 78.32 mL 

S+:-|EXample 52. The pH of 0.05 M aqueous solution of 
diethylamine is 12. Calculate its Kf,. (IIT 1993) 

Solution: We know that, pH + pOH=14 

pOH = 14-pH = 14-12 = 2 


or 


So, 


[OH-] = 10- 


(C 2 H 5 ) 2 NH+H20x=^ (C 2 H 5 ) 2 NH 2 ' + OH" 

At equilibrium (0.05 - 1 ) x s 

(0.05-0.01) 0.01 0.01 

K _ [(C 2 H 5 ) 2 NH;][OH- ] _ 0.01 X 0,01 _ . g^0-3 
^ [(C 2 H 5 ) 2 NH] 0.04 

' Example S3. 100ml of HCl gas at 25°Cand 740mmpre¬ 
ssure were dissolved in one litre of water. Calculate the pH of 
solution. Given, vapour pressure ofH 20 at 25° C is 23.7 mm. 
Solution: Given, F = 100 mL = 0.1L 

74£-^^ atm = 0.9425 atm 
760 j 

R = 0.0821 

r = (25 + 273)K=298K 
PV = nRT 


[HS-] 


Applying, 
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or 


Molarity: 


PV 0.9425x0.1 ,„_3 , 

n = -— =-= 3.85 X 10 mol 

RT 0.0821 X 298 

n 3.85x10-^ _ 

= 3.85x10 M 


V 1 

HCl is a strong electrolyte. It is completely dissociated. 

So, . [H+]=3.85xl0"‘^ M 

pH=-log [H"^]=-log 3.85x10“^ =2.4146 

r Example 54. Calculate the [CP ], [Na*], [H*]. [OR-] 
and pH of the resulting solution obtained by mixing 50 mL of 
0.6 N HCl and 50 mL of 0.3 N NaOH. 

Solution: HCl + NaOH -^NaCl + HjO 

Milli-equivalents 50 x 0.6 
before reaction = 30 

Milli-equivalents (30-15) 
after reaction =15 0 


50 X 0.3 
= 15 


0 


0 


15 


15 


Total volume = 50 + 50=100 mL 

[Cr] = HlH=0,3M 

100 

[Na^]=i^=0.15M 

100 

[H^] = il = 0.15M 
100 


[OH-] 


10 


44 


= 6.6x10"''’ 


0.15 

pH = - log [H“^ ]=-log 0.15=0.8239 

', ^;xample 55. What is the pH of a \ .0M solution of acetic 
acid? To what volume of one litre of this solution be diluted so 
that the pH of the resulting solution will be twice the original 
value? Given, = 1.8x 10 1990 ) 

Solution; We know that degree of dissociation. 



[H"^ ]=C X a = 1X 4.2426X 10"^ 

= 4.2426x10'^ molL-' 

pH=-log[H^]=-log 4.2426X 10"^ =2.3724 

So, pH of the acetic acid solution after dilution = 2 x 2.3724 

= 4.7448 

New [H"" ] = 10"= 1 .8 x 10" ^ 


Let the new concentration be Cg. 


CH 3 COOH; 

At equilibrium Cg - 1.8 x 10”^ 


H^ + CHaCOO" 


1 .8x10^- 


1.8 X !0'^ 


. _ [H^ ][CH3C00~ ] _ 1.8 X 10"5 X 1.8 x 10-^ j ^ 
[CH 3 COOH] “ (Co-1.8xlO"5) 

So, Co= 3.6x10"^ 

Let the new volume be V litre 

1x1 = 3.6x10“^ xF 

V =-i—- = 2.78 X 10^ litre 

3.6x10“^ 


Example 56. Calculate the change in pH of one litre 
buffer solution containing 0.10 mole each of NH^ and NH^Cl 
upon addition o/(i) 0.02 mole of dissolved gaseous HCl, (ii) 0.02 
mole of dissolved NaOH. 

Assume no change in volume (K^ for NH^ =1.8x10"^). 

(IIT1992) 


Solution: 


pOH of NH 3 and NH 4 Cl buffer 
[Salt] 


■log a:* + log 


[Base] 


= -log 1 . 8 x 10 “^ 


+ log ^ = 4.75 

0.1 


pH = (14-4.75) = 9.25 
First case: NHj + HCl-> NH 4 CI 


[Salt] =(0.1 +0.02) = 0.12 M 
[Base] = (0.1-0.02) = 0.08 M 

pOH=-logA :4 +log — 

* 0.08 

= 4.75 + 0.176 = 4.926 

pH =(14-4.926) =9.074 

ApH = (9.25 - 9.074) = 0.176 pH unit 

Second case: NH 4 CI + NaOH- > NHj + NaCl 

[Salt] = (0.1-0.02) = 0.08 M 

[Base] =(0.1 +0.02) = 0.12M 

pOH = -logJ:*+log — 

012 


= (4.75-0.176) = 4.576 
pH = (14-4.574) = 9.426 
ApH = (9.426 - 9.25) = 0.176 pH unit 
.fVjExample 57. Saccharin (K^ = 2 x 10 “'^ )is a weak acid 
represented by formula HSac. A 4x10”'* mole amount of 
saccharin is dissolved in 200 cm^ water of pH = 1 Assuming no 
change in volume, calculate the concentration ofSac~ ions in the 
resulting solution at equilibrium. (IIT 1994) 

Solution: Concentration of saccharin 

4x1 

= . Z -.. *” - - X 1000 = 2x 10”^ mol L”‘ 

200 

[H+] = 10 -P» = 10 ”^ molL”' 
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HSac 

[(2 X 10”^) - x] 


■ H 

(10~^ +x) 


+ Sac 


K„ = 


[H"][Sac-]_(10-^+x)[Sac-] 


[HSac] 


[ 2 x 10 ”-* - x] 


[Sac'l^ 


2xl0~~‘^ x(2xl0~^ ^x) 
( 10 '^ +x) 


Since, x is very small, it can be neglected. 

2 x 10 -“*^ x 2 xl 0 “^ , ,_j 2 

[Sac ] =-;-= 4x10 mol L ‘ 


10 


-3 


An aqueous solution contains 10% 
ammonia by mass and has a density 0.99 g cm ~^. Calculate 
hydroxyl and hydrogen ion concentration in this solution. 


{K^ for « 5.0 x 10^‘° M) 

Solution: Mass of 1 litre solution -1000 x 0.99g 

= 990g 

NH 3 present in 990 g solution =99g 
99 

1 litre solution contains = — = 5.8 mole 
17 


(MT 1995) 


NH 3 +H 2 OT 

[nh; ][oh-] 


NH7 + OHT 

4 


K 




JCX JT 


K„ 


[NH 3 ] 

10 


44 


(5.8-jc) 5.8 


:2X 10~ 


5.0x10 

2 


-10 


So, 


2x10-* = — 

5.8 

jc^ = 2 x 10 -* x5.8 
jc= 1.078x10"^ molL-* 
[OHT ]=x = 1.078 X 10-2 M 




10 


-14 


1.078x10- 


= 9.27x10“** M 


TiBjxaniple 59. 0.15 mole of pyridium chloride has been 
added into 500c//)* of 0.2 Mpyridine solution. Calculate pH and 
hydroxyl ion concentration in the resulting solution assuming no 
change in volume. 

{Kf^ for pyridine = \.5 x\0~^ M) (1311995) 

Solution: Concentration of pyridium chloride 
= 0.15x2 = 0.3Af 

pOH = log^^-log^i, 

[Base] 

= log ^ - log 1.5 X 10“’ 

0.2 ■ 


[OH“] = 10 


-pOH ^ 


10 “ 


inple 60. How many moles of acetic acid and sodium 
acetate each should be dissolved to prepare one litre of 0.063 
molar buffer solution of pH 4.5 
(K^ forCH^COOH= 1.8x 10“*) 

Solution: Applying Hendemon’s equation. 


pH = logi^-log.S: 


log 


[Salt] 

[Acid] 

[Salt] 


[Acid] 

=4.5 +log 1.8x10"* =-0.2447 
antilog (-0.2447) = 0.5692 


[Acid] 

[Salt] = 0.5692 X [Acid] 


Given; [Acid] + [Salt] = 0.063 

[Acid]== 0.040 mol L"' 

1.5692 

[Salt] = (0.063 - 0.040) = 0.023 mol L"‘ 


PH SALT HYDROLYSIS 

Pure water is a weak electrolyte and neutral in nature, i.e. , H ^ 
ion concentration is exactly equal to OH " ion concentration 

[r]=[OH-] 

When this condition is disturbed by decreasing the 
concentration of either of the two ions, the neutral nature changes 
into acidic or basic. When [H^]>[OH“], the water becomes 
acidic and when [H^ ] < [OH“ ], the water acquires basic nature. 
This is exactly the change which occur during the phenomenon 
known as salt hydrolysis. It is defined as a reaction in which 
the cation or anion or both of a salt react with water to 
produce acidity or alkalinity. 

Salts are strong electrolytes. When dissolved in water, they 
dissociate almost completely into ions. In some salts, cations are 
more reactive in comparison to anions and these react with water 
to produce H ^ ions. Thus, the solution acquires acidic nature. 

M* +R20^=^ MOH +H"^ 

We^ base 

In other salts, anions may be more reactive in comparison to 
cations and these react with water to produce OH “ ions. Thus, 
the solution becomes basic. 

^-.t.H20^=^ EA +OH“ 

Weak acid 

The process of hydrolysis is actually the reverse of 
neutralisation. 

Salt + Water Acid + Base 

If acid is stronger than base, the solution is acidic and in case 
base is stronger than acid, the solution is alkaline. When both the 
acid and the base are either strong or weak, the solution is 
generally neutral in nature. 

As the nature of the cation or the anion of the salt determines 
whether its solution will be acidic or b^ic, it is proper to divide 
the salts into four categories. 


pH = (14-pOH) = (14~9)=5 
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(i) Salt of a strong acid and a weak base. 

Examples: FeClj, CUCI 2 , AICI 3 , NH4CI, CUSO 4 ,etc. 

(ii) Salt of a strong base and d weak acid. 

Examples: CH 3 C 00 Na,NaCN,NaHC 03 ,Na 2 C 03 , 
etc. 

(iii) Salt of a weak acid and a weak base. 

Examples: CH3 COONH4, (NH4 )2 CO3, NH4 HCO3, 
etc. 

(iv) Salt of a strong acid and a strong base. 

Examples: NaCl, K2 SO4, NaNOj, NaBr, etc. 


1. Salt of a strong acid and a weak base 

The solution of such a salt is acidic in nature. The cation of the 
salt which has come from weak base is reactive. It reacts with 
water to form a weak base and H ions. 

5++H20^=i £OH 

Weak base 

Consider, for example, NH 4 CI. It ionises in water completely 
into NH 4 and CF ions. NH^ ions react with water to form a 
weak base (NH 4 OH) and ions. 

NH; +H20^^ NH 4 OH + H"" 

C(l-x) Cx Cx 

Thus, hydrogen ion concentration increases and the solution 
becomes acidic. 

Applying law of mass action, 

^ _ [H^][NH40H] _ Cx Cx _ x^C 
* [NH;] C(l-x) (1-x) 


where, C is the concentration of salt and x the degree of hydrolysis. 
Other equilibria which exist in solution are 

NH 4 OHNH/ + OH", K/, = - - ^ - - ... (ii) 

4 4 b [NH 4 OH] 

H20^=^H^+OH", iif,, =[H'";|[OH~] ...(hi) 

From eqs. (ii) and (iii), 

K„ _ [H'^ ][NH40H] _ ^ 

K,~ [nh; ] * 

[NH/] 

^ ^ [NH 4 OH] Ki, [NH 4 OH] 

log [H "] = log - log K, + log ^ 

[Base] 

_pH=-pir^+pj:,+iog^?3^ 

[Base] 


P^w- 


-pH = p^* +log 
pOH=pj :6 + iog 


[Salt] 

[Base] 

[Salt] 

[Base] 


Relation between Hydrolysis Constant 
and Degree of Hydrolysis 

The extent to which hydrolysis proceeds is expressed as 
degree of hydrolysis and is defined as the fraction-of one mole of 


the salt that is hydrolysed when the equilibrium has been 
attained. It is generally expressed as h or x 

^ _ Amount of salt hydrolysed 
Total salt taken 
Considering again eq. (i), 

„ , x^C ^ 


(l-x) 

When h is very small (1 - ^) 


h^C 

{l-h) 


-^1, 


or 


Kt, X- 



[H"^ ] = /! X C 


log [H" ] log + i log C - i log Kt 


pH=ipi:, 


^logC-^p^i, 


:7-lp/:,-ilogC 


2. Salt of a weak acid and a strong base 

The solution of such a salt is basic in nature. The anion of the 
salt is reactive. It reacts with water to form a weak acid and OH " 
ions. 

^-+H20^=i m +OH” 

Weak acid 

Consider, for example, the salt CHj COONa. It ionises in water 
completely to give CHjCOO' and Na^ ions. CH 3 COO" ions 
react with water to form a weak acid, CHj COOH and OH" ions. 

CH 3 COO" +H 20 ;F=i CH 3 COOH + OH" 

C{l-;c) Cx Cx 

Thus, OH" ion concentration increases, the solution becomes 
alkaline. 

Applying law of mass action, 

^ _ [CH 3 COOH][OH~] _ QcxCy _ Cx^ 

* [CH 3 COO"] C(l-x) (1-x) ‘ 

Other equilibria present in the solution are: 

CH 3 COOH:i=^ CH 3 COO" + H ^,i!:„ = [^^HsCOO ][H ] 
^ [CH 3 COOH] 

...(ii) 

H20:^H + oh: ,= [H^ ][OH" ] ... (iii) 

From eqs. (ii) and (in). 
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[■CH3COOH][oh^] _^ 

[CH 3 COO-] * 

Ki, [CH 3 COO- ] _ [CH 3 COO- ] 


[OH-]=^ 


[CH3COOH] [CH3COOH] 

[Salt] 


log [OH ] = log - log K„ + log 
- pOH = - + pKg + log 

pr„-pOH = pi:„ +log 
pii=pK, +log 


[Acid] 

[Salt] 

[Acid] 


[Salt] 

[Acid] 

[Salt] 

[Acid] 


Considering eq. (i) again, 




Cx^ 


■oiKl = 


Ch^ 


( 1 -x) " ( 1 -/!) 

When h is very small, (1 - h) -> 1 

.9 K, 


(iv) 


or 


or 


h= 

C 


[OUr} = hxC = ^CK^ -- 
K^, . 


CxK^ 


K„ 


[H"] = 


[OH-] 

CxK, 

K„ 


K„ xK^ 


- log [H^ = - i log /C„ - ^ log ^ log G 
pn=lpK„+ypK, +llogC 


= 7 + -p^:^+-iogC 
2 2 

3. Salt of a weak acid and a weak base 

Maximum hydrolysis occurs in the case of such a salt as both 
the cation and anion are reactive and react with water to produce 
H and OH “ ions. The solution is generally neutral but it can be 
either slightly acidic or slightly alkaline if both the reactions take 
place with slightly different rates. Consider, for example, the salt 
CH3COONH4. It gives CH3COO- and NH* ions in solution. 

Both react with water. 


NH^' +H20^=^ NH 4 OH + H^ 
Weak base 

CH 3 COO- + H20^=^ CH 3 COOH+ OH 
Weak acid 


Both the reactions 
occur with same 
speeds. The solu¬ 
tion is neutral. 


orCKjCOO-T NH/ + H 20 ^=^CH 3 C 00 H+NH 40 H 
C(l-A) C(l-A) CA CA 


K _ [CH 3 C 00 H][NH 40 H] 
* [CH3C00-][NH^’^] 

Other equilibria which exist in solution are: 


CH 3 COOH CH 3 COO +H*,K^ 


[CH 3 C 00 -][H'^] 

[CH 3 COOH] 


... (i) 

[nh;^][oh-] 

NH40Ht=^NH: + OH", Kf, = ^^ - - ... (ii) 

[NH4OH] 

H 2 OH^ + OH-, = [H^ ][ 0 H- ] ... (iii) 

From eqs. (i), (ii) and (iii), 

K _ [CH 3 C 00 H][NH 40 H] 

-Kf, [CH3COO- ][NH^^ ] 


Let C be the concentration and h be the degree of hydrolysis 




H-hf 


When h is small, (1 - h) ->1, 

K,=h^ 


[H"]=^:, xh 

= K„ X 


iK^xK, 




“ Ik^xK, 


hK' xK^ 



K, 


-log [H" ]=-1 log iC, - i log +1 log K, 
PH = ^P^„ +^P^«, 


When pK„ =pK^„ pH =7. i e., solution will be neutral in 
nature. 

When pK^ > p^ 6 , the solution will be alkaline as the acid 
will be slightly weaker than base and pH value will be more than 
7. In case pK^, < pIC^, the solution will be acidic as the acid is 
relatively stronger than base and pH will be less than 7. 
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4. Salt of a strong acid and a strong base 

Such a salt, say NaCl, does not undergo hydrolysis as both the 
ions are not reactive. The solution is thus, neutral in nature. 

5. Hydrolysis of amphiprotic anion 

Let us consider hydrolysis of amphiprotic anion only, Le., 
when counter cation is not hydrolysed example of some salts of 
this category are NaHCOj, NaHS, Na 2 HP 04 , NaH 2 P 04 . 

[H2PO4IHI] 

[HJPO4] 
[HPO^][H^] 
[H2P0^] 

[POj ][H^] 
[HPOf ] 

Here, H 2 PO 4 and HPO^' are amphiprotic anions, pH after their 
hydrolysis can be calculated as, 

pH of H 2 PO 4 in aqueous medium =-^- - 


(i)H3P04^ 

=^H 2 P 04 +H^; 


(ii)H 2 P 04 ^ 

^HPO^" +H^; 

^^2 = 

(iii) HPOf ^ 

=^POj" +H^; 

II 


pH of HP 04 ^ in aqueous medium =- - 


pK +pK 


aj 


Here, HPO 4 is conjugate base of H 2 PO 4 and H 3 PO 4 is 
conjugate acid of H 2 PO 4 . 

Similarly, ¥Ol~ is conjugate base of HPO 4 and HPO 4 is 
conjugate acid of POj^. 

(iv) Let us consider amphiprotic bicarbonate anion. 

HC 0 ^“+H 20 ^=^ +H;0 (Ionization) 

Acid Conjugate base 

HCO; + H 2 O ^ H 2 CO 3 + OH" (Hydrolysis) 


pH of HCO3 ion after hydrolysis in aqueous medium 

_ P^ai P^a2 
2 ” 

(v) Let us consider the hydrolysis of amphiprotic anion along 
with cation, e.g'.,NH4HC03, NH4HS. 

In above examples both cations and anions are derived from 
weak base and weak acids respectively, hence both will undergo 
hydrolysis in aqueous medium. 

When these salts are dissolved in water, [H 3 ] concentration 

can be determined as. 


[u,o^]=Ik, 





-log^ 


±J^L+Kg^ 

J^b 


Table 10.1 Hydrolysis at a Glance 


Salt 

Nature 

DegTM 

.V' T.', a . 

Hydrolysis 

Constant 


i.NaCl 


No 


_ . _ 

(Strong acid + 
Strong base) 

Neutral 

hydrolysis 



2 .CH 3 COONa 
(Weak acid + 
Strong base) 

Basic 

iCKg 

'^A= — 

Kg 

pH = i[pi:. 

2 

+pA:„ + iogC] 

3.NH4a 

(Strong acid + 
Weak base) 

Acidic 

h= 

iCK, 

jr 

* K, 

pH = |[pi:„ 
-pJCft-logC] 

4 .CH 3 COONH 4 



K . - 

pH = ^[p^. 

(Weak acid + 

* 

ft- 1 

4 L 1 - 

KgXK, 

Weak base) 


MKgXK, 


+ PKg-pK^] 


*In the case of salt of weak acid and weak base, nature of 
medium after hydrolysis is decided in the following manner: 

(i) lfK„ =^j,the medium will be neutral. 

(ii) IfJ^a >.K£,,the medium will be acidic. 

(iii) If Kg I,, the medium will be b^ic. 

The degree of hydrolysis of salts of weak acids and weak bases is 
unaffected by dilution because there is no concentration term in 
the expression of degree of hydrolysis. 

[Note: Degree of hydrolysis always increases with increase in 
temperature because at elevated temperature increase in K„ is 
greater as compared to and Kj,.} 


• ••• 

' • •••! 


SIMSome Solved ExamplisX KS; ^ I 


Base 

Conju^te acid 

^ _[H"][HCOi] 

[H2CO3] 

Solution: 

H2CO3 ^ 

= 5 :H^ +HCOi; 


HCO3 — 

=^H^ +CO^"; 

^ [H^][CO|-] 

[HCO3] 

Kh = 


Example 61. Calculate the degree of hydrolysis and pH of 
0.1 M sodium acetate solution. Hydrolysis constant of sodium 
acetate is 5.6 x 10”‘®. 


CH 3 COO" +H 2 O; 

0 . 1(1 ^ h) 


:CH3C00H+ OH" 

(0,1 X A) (0.1 X A) 


[CH3 COOH] [OH~ ] _ (0.1X /i )(0.1X A ) . 
[CHjCOO'] 


0 ^ 1 (l-^) 
h is small ( 1 - A)- 


-^1 


or 


5.6x10"'® =0.1xA^ 


,2 5.6x10' 

h^ = 


•!0 


0.1 


: 56x10' 


-10 


A = 7.48x10"= 

[OH" ] = CA = 0.1x7.48x10"= 
10 "“ 

[H J: 


7.48x10"® M 


= 1.33 X 10"'' M 


[OH"] 7.48x10"® 

pH = - log [H"^ ] = ^ log (1.33 X 10"’ ) = 8.88 

iff' Example 62. When 0.2 M acetic acid is neutralised with 
0.2 M NaOH in 0.5 litre of water the resulting solution is slightly 
alkaline. Calculate the pH of the resulting solution. Kg for 
CH^COOH = 
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Solution: 0.2 M acetic acid will form a2MCHjCOONa in 
0.5 litre of water. Hence, concentration of sodium acetate, 
[CHjCOONaj^O.lmolL'*. 


CHjCOQ- +H20^ 
C{l-i) 


:CH3C00H+ oh- 


Cx 


Cx 


K, 




Cx^ 

il-x)' 

K 

^ M 

K„ 


■ Cx^ 


1 x 10 “ 


( 1 - x )—1 


-14 


1 .8x10“ 


= 5.5x10“ 


-10 


So, 


K, =Cx^ =5.5x10' 


■10 


-10 


or 


or 


-55x10' 


,-10 


5.5x10' 

0.1 


x=7;42x 10“ 


[OH“] = Q: = 7.42x10“^ x 0.1= 7.42 x 10“® M 


[H"] = 




1 x 10 ' 


-I4 


■ = 1.3477 x lO-"* M 


[OH“] 7.42x10“ 

pH= - log [H'" ] = - log (1.3477 X 10“^ ) = 8.87 

63i Calcuiate the hydrolysis constant for NH^Cl, 
pH value aHd [OH'^\inQ,\ MNHi^Clsolution. 

Solution: “We know that, if ^ 

: K, 


So, 


K, 


lx 10 


■14 


= 5,7x10' 


-10 


1.75x10“^ 

Hydrolysis of NH 4 CI can be represented as, 


NH/ +H2O; 
c(i-o 


-NH 4 OH+ 


Cx 


' Cx 


Thus, 


K,= 


Cx^ 


-10 


or 


57x10“ 


■10 


(1-Y) 

Neglecting ‘x’ in denominator, 

2 _Kh _ 5.7x10 “ 

^ “ C 0.1 
x= 7.55x10“^ 

[H^ ] = Cx = 0.1 X 7.55 X 10“^ = 7.55 x 10“* M 
pH = - log [H“" ] = - log (7.55 X 10“®) = 5.12 


Again, [OH ] = 


if.. 


IxlO: 


-14 


1.32xl0“^M 


[H^] 7.55x10“^ 

64. Calculate the pH at the equivalence point 
when a solution of QAM acetic acid is titrated with a solution of 
QAM sodium hydroxide. 

Kg for acetic acid = 1.9x10“^ (IIT1990) 


Solution: Concentration of sodium acetate 


0.1 


= 0.05 M 


as equal volumes of the acid and the base will be used. 
The equilibrium is, 

CH3COO +H20t=^CH3C00H+ 0 H“ 

C{l-,t) Cx Cx 

where, x is the degree of hydrolysis, and 




Cx^ 

( 1 -x) 


We know that, 
K, 




1 x 10 "“ 

1.9x10“ 


So, K,,=Cx as (1-x)- 


^5.26x10' 

-^1 


■10 


or 

or 


5.26x10““ =0.05 xx^ 

, 5.26x10" 


■10 


0.05. 

x= 1.025X 10“ 


1.05x10 


-8 


[OH“ ] =Cx = 1.025x 10"^ X 0.05 = 5.125 x lO"** M 


[H"] = 


1 x 10 


-14 


5.125X 10 




= 1.95x10“^ M 


pH = - log [H“^ ] = - log (1.95 X 10“®) = 8.71 

Example 65. Calculate the amount of ammonium chloride 
required to dissolve in 500mL water to have pH = 4.5. (Kj^for 
Mf 40 H A 1.8x10“^) 


Solution; 


[H^] = 10 


-pH 


10 


,^.5 


= 10 ^ antilog 0.5 
= 3.162x 10“® M 


Let Cbe the concentration of NH 4 Cl 


NH^'" +H 2 O; 


C(1 - h) 
If h is small, then 


:NH 40 H+ H“" 
Ch . CA 


K, =Ch^ 


K, 




10 ' 


■14 


Kb 1 , 8 x 10 


-5 


5.5 X 10 


■10 


K, K, 


Ch [H“^ ] 

. 5.5 X 10"“ 
4-5 


1.739x 10“ 


3.162X 10" 
C/!=[H^] 

„ [H'']_ 3.162x10“* 


-5 


1.739 X 10 


500 mL of water contains 


: 1.8 mol U 


■1. 


1.8 


: 0.9 mole 


Mass ing =0.9x 53.5 = 48.15g 

Example 66 . Calcium lactate is a salt of a weak organic 
acid and represented as Ca(Lac) 2 - A saturated solution of 
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Ca{Lac )2 contains 0.13 mole of this salt in 0.50 litre solution. The 
pOH of this solution is 5.60.Assumingacomplete dissociation of 
salt, calculate K ^ of the lactic acid. (IIT1991) 

Solution: Ca(Lac )2 + 2Lac“ 

0.13x2 M 2x2x0.13 Aif 

Lac” +H 20 ;^^ HLac+ OH~ 

At equilibrium (0.52 -x) x x 




(0.52-jc) 0.52 


as 2 c is small 


[OH-] = 10^^:^ =2.51x10'^ =jc 
2.51x10”® X 2.51x10" 

K L - 


0.52 


12.12x10 


-12 


K„ =- 


K,. 


10 


-14 


= 8.26x10” 


12 . 12 xl 0 “‘^ 

;: Example 67. Kg for butyric acid is 2 x 10”®. Calculate pH 
and hydroxyl ion concentration of 0.2 M aqueous solution of 
sodium butyrate. (IIT 1994) 

Solution: Butyrate ion hydrolysis in solution into butyric 
acid and OH ” ions. Let x mole of butyrate ion be hydrolysed. 

G 3 H 7 COQ: +H20:^C3H7C00H+ OH” 

■{0.2~x)':' X X 

■2 2 
X X 

Kj, = -—-= — (x being small is neglected 

( 0 . 2 - a:) 0.2 as compared to 0 . 2 ) 

Ka 0.2 
10 ”'^ 


So, 


2x 10” 


0.2 


or 


x^ =10 or x =10 ® molL 
[OH” ] = 10”® M 

[H'"]=H_ = 10”5 m 


10 ” 


pH = -log[ 10 ”n = 9 

■ Exaniple 68 , Calculate the pH of an aqueous solution of 
1 .OM ammonium formate assuming complete dissociation: pK^ 
for formic acid = 3.8 and pKf, of ammonia = 4.8. (IIT 1995) 

Solution: Ammonium formate is a salt of weak acid and 
weak base. Henee, 

pH=7+^p^„ 

= 7+(l/2)x3.8-(l/2)x4.8 
= 7+1.9-2.4 
= 6.5 


Example 69. A certain weak acid has = l.Ox 10 ^. 

Calculate the equilibrium constant for its reaction with a strong 
base. (IIT 1991) 

Solution: UA + BOU^^BA + H 2 O 


or 


Weak Strong 

Rf +5'' +OH 
+ OH' 


^B^ +A~ +H 2 O 


K 


In the above reaction, 


[A- 


^A~ +H 2 O 


[H^][OH” 




[H^][OH” 
■ [A-] 


So, 

We know that. 


K=- 


Ku 


K 


Kh 


10 


-14 


1 . 0 x 10 


-4 


10 


1-10 


1 


10 


•10 


10 


10 


Example 70. Calculate for 0.01 N solution of sodium 
acetate: 

(a) Hydrolysis constant, {b) degree of hydrolysis, {c) pH. 


{Given, = 1.9x 10”=) 


(MLNR 1991) 


Solution: AT;, = 


10 ”'^ 


h = 


1.9x10 

iK 


,-5 


= 5.26x10 


■10 


5.26x10' 

0.01 


-10 


= 2.29x10” 


CH 3 COO” +H 2 0^^CH3C00H+ OH” 

Ch 

[OH” ] =Cx/i = O.Olx 2.29X 10”^ 


:2.29x lO”® M 


[H'"]=- 


10 


-14 


[OH”] 2.29x10 


1-6 


4.37x10”^ M 


pH = - log [H""} = - log (4.37 X 10”^) = 8.36 


Example 71. H 2 CO 7 , ionises as, 


H2CO2 

Hco; 


-H*+HC07; a:, =4.3x10 


1-7. 


-H^+CO 


3 ’ 


K 2 =5.6x10” 


Calculate the degree of hydrolysis and pH value 0 / 0.12 M 
Na 2 C 02 solution. 

Solution: Na 2 C 03 is a salt of strong base and weak aeid. 
Thus, CO 3 ” ion is hydrolysed. 

CO^” +H20^^HC03 + OH” 

0.12(1-A) 0.12A 0.12A 

Kf,=h^C 
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or 


,2 

h = — 


We know that, K/, = 
So, = 


Eji 

K, 


'''-2 

1.7857x10“ 


0.12 

10 ' 


-14 


5.6x10' 


-11 


1.7857x10 


—4 


14.88x10“ 

■2 

2 


0.12 

/! = 3.85x10 
[OH“ ] =C X A = 0.12X 3.85 x 10' 
= 0.462x10“^ =4.62x10 

10-14 




4.62x10“ 


= 2.164x10“*^ M 


pH = - log [H'" ] = - log (2.164 X 10“'^) = 11.665 

72. How much must a 0.2 M solution of sodium 
acetate be diluted at 25°C in order to double the degree of 
hydrolysis? 

Solution : Let be the initial degree of hydrolysis 

=a 2 =o, 2 x/i 2 ...(i) 

Let the concentration be C, when degree of hydrolysis is 2M. 


K,=C,(lhY 
Dividing both the equations, 

0 . 2 x(A^) 


... (ii) 


1 = - 


4Ci X {h) 

0.2 


= 0.05M 


Applying, 


MiFi =^2^2 

0.2Fi = 0.05 X Fj 


0.05 


"1 


4F, 


The solution be diluted four times. 

73. Calculate change in pH upon ten-fold 
dilution of the following solutions; 

{a)0.lHCl (b) O.l M acetic acid (c) O.l MNH^Cl 
CH^COOH=\.ixW\ Ki,NH^ =1.8x10“^ 

Solution: (a) HCl is a strong acid. It is completely ionised 
in solution. 

HCi^==^H'' +cr 

[H'"] = 0.1 = 10“‘ 

pH = -log[H^] = -log(10-‘) = l 


After dilution, [H^ ] = 0.01 = 10“^ A/ 


pH = -log[H^] 
pH change from 1 to 2. 

(b) CHj COOH CHj COO“ + H 

( 0.1 -x) 


log 10 “^ =2 


: 1.8 X 10 * or 


(CHjCOOH is a weak acid) 
a.8xl0“® or Ar= 1.34x10“^ 


After dilution, 

^2 

-i- = 1.8x 10“^ orirf = 18x 10“* orx, =4.24 x 10“'* M 
0.01 

pH = -^ log X = - log 4.24 X 10“'' = 3.37 
pH change from 2.87 to 3.37. 

(c) NH 4 CI is a salt of weak base and strong acid. 

NH/ +H20;;=^NH4 0H+ H^ 

(0.1-A) h h 

h^ 0 

— = K. or h^=0.lxK. 

0.1 


fc 

^ K, 1,8x10-5 
= 0.1x5.55x10“*“ 


= 5.55x10“'“ 


- /i = 7.45xl0““ =[H^] 
pH = - log (7.45 X 10“®) = 5.128 
After dilution, h^ =0mxK^ = 0.01 x 5.55 x 10“'“ 
A = 2.35x10““ 

pH=-log 2.35x10““ =5.627 


pH change from 5.128 to 5.627. 



34. The pH of a solution obtained by mixing 100 niL of 0.2 M 
CH 3 COOH with 100 mL of 0.2 MNaOH would be: 

(Given: for CH 3 COOH = 4.74) 

(a) 4.74 (b)8.87 (c)9.10 (d) 8.57 

[Ans. (b)] 


[Hint: Concentration of salt formed will be 0.1 M 
CH3COOH + NaOH CHaCOONa + HjO 
pH = |[pii:,, + pA:„ + logC] 

= I [14+ 4.74-1]= 8.87] 

35. The pH of 0.02 MNH 4 Cl(a^. )(pA:ft = 4.73)is equal to: 

(a) 3.78 (b)4.73 (c) 5.48 (d)7.00 

[Ans.' (c)] 

[Hint: pH = |[pi:,,-pIf,-logC] 

= i [14 -4.73-log 0.02] 

= 1 [14- 4 , 73 + 1.6981=5.48 ] 

36. pH of 0.05 M(CH 3 COO) 2 Ca (pAT^ = 4.74) is: 

(a) 8.72 (b)8.87 (c)7 (d) 1.30 

[Ans. (b)] 

[Hint: [CH 3 COO“ ] = 2 x 0.05 = 0.1 

pH = i[p/t,, + pis:, + logC] 
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= -i [14+ 4.74-1] =8.87] 

37. The degree of hydrolysis of which of the follo\». !ng salt is 
independent of the concentration of salt solution? 

(a) CHjCOONa (b) NH 4 CI 

(c)CH 3 COONH 4 (d)NaCl 

[Ans. (c)] 

[Hint: It is the salt of weak acid and weak base, hence its degree 
of hydrolysis will be independent of concentration. 




K„ xK, 


38. The pH of 1 M P 04 *(a^.) solution will be: (given pA'j of 
POf = 1.62) 

(a) 1.62 (b) 12.38 (c) 13.19 (d)7 

[Ans. (c)] 

[Hint: pi:„ = 14 - pisT^ = 14 -1.62 = 12.38 


pH = ^[p7f„ + pK„ + logC] 

= i[14 + 12.38 + 0]= 13.19 ] 

39. For the following equilibrium: 

NH 3 + H20:^ NH; + OH” 
calculate the equilibrium constant, if for the equilibrium, 
NHj + H 2 O NH 4 OH + h:" 
the equilibrium constant is 5.5 x 10”^“. 

(a) 1.8 X 10”^ (b) 1.8 X 10“* (c) 1.8 x 10”* (d) 1.8 x 10”’ 

[Ans. (b)] 

[Hint: K„=K^xK^ 


10”“* = 5.5xlO”'®xA;^ 


a:j = i.8xio”M 

40. Which of the following expressions is not applicable on the 


hydrolysis equilibrium? 


CN” +H 2 O; 


(a)j:* = 
(c)pH = 




a:„(hcn) 

^p^:,(HCN) 


IPET (Raj.) 20041 
^H<34+OH” 

IK 

V c 


(b)k 
(d)(H") 


..JKI 


K„ 


[Ans, (c)] 

[Hint: For the salt of weak acid and strong base: 
pH = |[p^:,, + pii:„-iogC] 


41. The of weak acid HA is 4.80 and the pAT* of a weak base 
SOH is 4.78. The pH of an aqueous solution'of corresponding 
salt BA will be : (AIEEE /(M( 8 ) 

(a) 9.22 (b)9.58 (c)4.79 , (d)7.01 

[Ans,(d)] 

[HM: pH=i[pii:,, + pA:„-pJ:i] 

= i [14+4.8-4.78]= 7.01] 

2 


THEORY OF INDICATORS 


An indicator is a substance which is used to determine the 
end point in a titration. In acid-base titrations, organic 
substances (weak acids or weak bases) are generally used as 
indicators. They change their colour within a certain pH range. 
The colour change and the pH range of some common indicators 
are tabulated below: 


IndlcNtor 



Methyl orange 

3.2 - 4.5 

Pink to yellow 

Methyl red 

4.4 - 6.5 

Red to yellow 

Litmus 

5.5 - 7.5 

Red to blue 

Phenol red 

6.8 - 8.4 

Yellow to red 

Phenolphthalein 

8.3 - 10.5 

Colourless to pink 


Thwry of add-base indicators: Two theories have been 
proposed to explain the change of colour of acid-base indicators 
with change in pH. 

1. Ostwald’s theory: According to this theory: 

(a) The colour change is due to ionisation of the acid-base 
indicator. The unionised form has different colour than the 
ionised form. 

(b) The ionisation of the indicator is largely affected in acids 
and bases as it is either a weak acid or a weak base. In case, the 
indicator is aSveak acid, its ionisation is very much low in acids 
due to common H^ ions while it is fairly ionised in alkalies. 
Similarly, if the indicator is a weak base, its ionisation is large in 
acids and low in alkalies due to common OH” ions. 

Considering two important indicators phenolphthalein (a 
weak acid) and methyl orange (a weak base), Ostwald’s theory 
can be illustrated as follows: 

Phenolphthaiein: It can be represented as HPh. It ionises in 
solution to a small extent as: 

HPh ;F=^H"^ + Ph” 

Colourless Pink 

Applying law of mass action, 

[HPh] 


The undissociated molecules - of phenolphthalein are 
colourless while Ph” ions are pink in colour. In presence of an 
acid, the ionisation of HPh is practically negligible as the 
equilibrium shifts to left hand side due to high concentration of 
H”^ ions. Thus, the solution would remain colourless. On addition 
of alkali, hydrogen ions are removed by OH” ions in the form of 
water molecules and the equilibrium shifts to right hand side. 
Thus, the concentration of Ph ” ions increases in solution and 
they impart pink colour to the solution. 

Let us derive Henderson’s equation for an indicator 

HIn +H 20 ^^H 30 + / In” 

‘Acid form’ ‘Base form’ 

h __ 

Conjugate acid-base pair 

Ar,„ = _ Ionization constant of indicator) 

[HIn] 
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the equivalence point. For a particular titration, the indicator 
should be so selected that it changes its colour within vertical 
distance of the curve. 

(i) Strong acid vs. strong base: pH curve of strong acid 
(say HCl) and strong base (say NaOH) is vertical over-almost the 
pH range 4-10. So, the indicators phenolphthalein (pH range 8.3 
to 10.5), methyl red (pH range 4.4-b.5) and methyl orange (pH 
range 3.2-4,5) are suitable for such a titration. 

(li) Weak acid vs. strong base: pH curve of weak acid (say 
CH 3 COOH or oxalic acid) and strong base (say NaOH) is 



vertical over the approximate pH range 7 to 11. So, 
phenolphthalein is the suitable indicator, for such a titration. 

(iii) Strong acid vs. weak base: pH curve of strong acid 
(say HCl or H 2 SO 4 or HNO 3 ) with a weak base (say NH 4 OH) is 
vertical over the pH range of 4 to 1. So, the indicators methyl red 
and methyl orange are suitable for such a titration, 

(Iv) Weak acid vs. weak base: pH curve of weak acid and 
weak base indicates that there is no vertical part and hence, no 
suitable indicator can be used for such a titration. 

Titration of soluble carbonate with strong acid. 
pH curve of sodium carbonate with HCl shows two inflection 
points (Fig. 10.2). First inflection point (pH = 8.5) indicates 
conversion of carbonate into bicarbonate. 

Na 2 CO 3 + HCl-> NaHCOj + NaCl 

As the inflection point lies in the pH range 8 to 10, 
phenolphthalein can be used to indicate the above conversion. 
The second inflection point (pH = 4.3) indicates the following 
reaction; 

NaHCOj + HCl-> NaCl + COj + H 2 O 

As the point lies between 3 to 5, methyl orange can be used. 


Fig. 10.2 



Miscellaneous Numerical 



piiiUkaiiipIe 1 . Ionisation constant of NH^ in water is 
5.6 X 10~’® at 25° C. The rate constant for reaction of NH^ and 
OH~ to form NH^ and H 2 O at 25° C is 3.4 x 10'° litre mol 

sec"'. Calculate rate constant for proton transfer from water to 
NHj. (11X1996) 

'‘f 

Solution: NH 3 + H 20 ^=^ NH 4 + OH"; = 3.4 x 10‘® 

h 


NH 4 +H20^ 

^NH 40 H+H+;A:„ : 

= 5.6x10“*® 

■^Base 

1 

1 

1 

...(i) 

^ Acid 

^Acid ^ ^Base 

S 

II 

... (ii) 


kf 

10-14 

3.4 X 10‘® 

5.6x10““ 

kf 

= 6.07x10^ 


^^(^llinple 2 . Kg for the acid ionisation constant of Fe^* to 
Fe{OH)f andH* is 6.5 x 10 What is the maximum pH value 

which could be used so that at least 95% of total Fe^* ion in 
solution exists free? 

Solution 


Fe^'' +H20^= 


K-- 


-Fe(OH)^'^ +H\ 

[Fe(OH)2flH^] _ I^.^I^^^^ 

95/100 


, 3+1 


= 6.5x10“ 


[H'"] = 0.12M 


pH= -log 0.12 = 0.91 

3. Kg for ascorbic acid (HAsc) is 5x10''^. 
Calculate the hydrogen ion concentration and percentage 
hydrolysis in an aqueous solution in which the concentration of 
Asc- ions is 0.02 M. (IIT 1997) 

Solution: 


Degree of hydrolysis ‘ h' = 


iCKg 


10 


1-14 


10.02x5x10“ 



% hydrolysis = 0.01 
pH=i[pr,,-fpiCg-flogC] 

= 1 [14 + (-log 5 x 10“^) + log 0.02] 
pH=8.3 

[H-']=5x10“’M 


Vsi^Example 4. Determine the number of moles of Agl which 
may be dissolved in 1 litre of\MCN~ solution K^pfor Agl and 

K, for Ag{CN)l are 1.2x10“'''M^ and 7.1xl0''^M“^ 
respectively. (WT I 99 g) 
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Solutioa: Agl(s) v —- Ag +1" 

^sp=[Ag^ ][!“] = 1.2x10 


47 


Ag”^ +2CN 
K 


-[Ag(CN)2r 


■/ 


=7.1X10- 


[Ag^][CN-]^ 




[Ag(CN) 2 ][r] 


= 1.2x10^’ X 7.1x10 


19 


[CN'f 

= 8.52x10^ 

Let us consider the following equilibrium: 

Agl(s) + 2CN- [Ag(CN )2 ] + r 


r=0 


0 


1 - 2x * X 

Let V moles of Agibe dissolved in CN“ solution. 

Then, 

Agl + 2CN^ Ag(CN )2 + r 

.,2 TXX 


K 


eq 


8.5x10^ 


(l- 2 x)" 

^29.2 


1 - 2 x 

jc = 0,49 mole 
Given Ag(NH^ )2 

-8 


■Ag'^ +2NH^, 


K^=6.2 xl0'“ and K,p of AgCl is 1.8x10''® at imK. 

Calculate concentration of the complex in IM aqueous 
ammonia. (IIT 1998) 

Solntion: AgCl ^^ Ag + Cl' 

On adding ammonia solution, complex formation takes place. 


Ag”" +2NH. 


i 


[Ag(NH3 )2r 
y 


■(i) 


where, 


(x-y) 1 

X = solubility of AgCl in NH 3 
y =amount of complex formed 
ofAgCl=[Ag"][Cr] 

1 . 8 x 10 ''® = (x-y) XX 

[Ag(NH3)2r 


(ii) 


for equation (i) 
1 


[Ag"][NH 3 ]^ 

, T 


. (iii) 


. 6 . 2 x 10 '® ix-y)l 
On solving equations (ii) and (iii), we get 

y=0.0539M 

^^I^Sniple 6 . An aqueous solution of aniline of concentra¬ 
tion 0.24 is prepared. What concentration of sodium hydroxide is 
needed in this solution so that anilinium ion concentration 
remains at 1 x 10'® M? for is 2.4 x 10'^ M 

(HT 1996) 


Solution: C^HjNH, + H,0 C«H,NHt + OH 


Thus, 

Also for 






[CeHsNHrjLOH'l 

[C 6 H 5 NH 2 ] 


CftHjNHz = 




10 


44 


forCeHjNHj 2.4x10'^ 


... (i) 


... (ii) 


Since, dissociation of C 5 H 5 NH 2 occurs in presence of NaOH 
and thus dissociation of C 6 H 5 NH 2 will be suppressed. 

Thus, [OH' ] = ?; [CgHjNHj ] = 0.24; [CgHjNH; ] = 10'® 
10-14 10'®x[OH'] 


Therefore, 


2.4 X 10' 


[OH'] = 


0.24 


0.24 X 10 


1-14 


2.4x10'^ xlO' 


0.01 


[NaOH] = 0.0 lAf 

Example 7. A solution contains 0.05 mol litre~^ of Ba'^^ 
ions and 0.002 mol litre~^ of ,4^"^ ions. The metals are to be 
precipitated by addition of chromate ions, CrO]f. Which ion 
precipitates first? What percentage of this ion remain in the 
solution when the second ion begins to precipitate? 


K, Ag 2 Cr 04 =3x10' 


K,„BaCrO.=i\lW 




Solution: CrO^' ion concentration required for precipitation; 

ForBaCr 04 : 

- BaCr 04 ^ iQ-'® 

[CrOf ] —_—1 = = 20X10'*® M 


[Ba^^l 


005 


ForAg 2 Cr 04 : 


1-12 


, Ag 2 Cr 04 3x10' 

[CrOj' ] = - ^ ^ = . -- = 0.75 X 10'® M 


[Ag"]^ 


[ 0 . 002 ]-^ 


Ba^*” will be precipitated first because it requires low 


concentration of CrO^ . Remaining cone, of Ba when Ag 
will start precipitation. 


[Ba'"] 


Remaining 


BaCr 04 


10 


,-)0 


[CrO^] 0,75x10'® 


1.33x10'" M 


%of remaining Ba'" = ^— — —— x 100 = 0.26% 

0.05 

; Example 8. Calculate pH change which results when 50 
mLofd.l M HNO 2 is added to each of the following at 25“ C: 

(a) l.Qii litre of pure water. 

(b) 1.00 litte of a solution containing acetic acid and sodium 
acetate each o/O.l M concentration. 

Solution: 

(a) Molarity after dilution = Af, 

MiFi =M2V2 
0.1x50 = M 2 X1050 
M-, = 0.00476 
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(b) 


pH=-log (0.00476) = 2.322 
Change in pH of water = 7 - 2.322 = 4.68 
[Salt] 


pH = pA:„ +log 


[Acid] 

0.1 


^4.7447 +log —= 4.7447 

0.1 


Moles of HNO 3 added = 


0,1 

1000 


X 50= 5 X 10 ^; it will convert 


sodium acetate to acetic acid. 

pH = 4.7447 + log 


0.1-5x10”^ 
0.1 + 5x10'^ 


: 4.70123 


Change in pH = 4.7447 - 4.70123 = 0.043 

j'3 Example 9. A certain monoprotic acid (weak) serves as 
indicator. Assuming that colour change is seen when I/3rd of the 
indicator has been converted to ions and that at end point the pH 
of solution is 6 , what is the value of pKj„ ? 

Solution: HIn H”^ + In^ (Ionization equilibrium of 

indicator) 


pH = P^in + log 10 ^77 
[HIn] 

, ^ , r 0-331 

6 = P^In + log 10 77^ 


(l/3rd conversion) 


pKi„ = 6.307 

p’^j'.Example 10. What is the minimum pH of a solution 
O.IO Min Mg^* from which Mg(OH )2 will not precipitate? K^p 

Mg(0//)2 =1.2x10'" Ml 
Solution: Given that, 

Mg(OH)2 =[Mg2^ 

1.2x10'" =[0.1][OH'f 
[OH']^ =1.2x10"*“ 

[OH'] = 1.0954x10'^ M 


pOH= - log 10 (1.0954 X 10'^ )= 4.96 


pH =14-4.96 =9.04 

Thus, at 9.04 pH, precipitation will not take place. 

17'Example 11. What is the pH of mol litre~^ HCl at 
25° C? 

Solution: [H^ ]=[H" ]Aoid + [H" ] w.ter 

= 10'’ +10"’ =2x10"’ M 
pH = -log (2x10'’) =6.70 

7 - Example 12. A solution contains 0.1 M C/' and 0.001 M 
CrO^~. If solid AgNO^ is gradually added to this solution, 
which will precipitate first, AgCl or Ag 2 CrO^? Assume that 


the addition causes no change in volume. Given 
K,p Jga= 1.7 x10'*“m’ andK,pAg 2 CrO,^ = l.79xl0~'^M\ 

What per cent of CF remains in the solution when Crd\^ 
starts precipitating? 

Solution: Ag ^ ion concentration required for precipitation: 

For AgCl: 


[Ag"] = 


AgCl 

[cr] 


1.7 X 10'*" 

0.1 


= 1.7x10'“M 


For Ag 2 Cr 04 : 


r* +i2 ^spAg2Cr04 1.79 x10'*’ 
[Ae ] =— 2 :-=- 

[CxOf ] [0.001] 

[Ag^] = [1.79 x10'“ M’]‘” 

= 4.23xl0'^M 


AgCl will precipitate first because it requires low cone, 
of Ag’". 


Remaining cone. of [Cl ] = 


of AgCl 

[Ag^] 


% Remaining cone, of [Cl ] = 


1.7x10'*“ 
4.23x10'^ 
4.01 X 10'“ 
0.1 


- = 4.01xl0'“M 
X 100= 4x10'’% 


TExample 13. 25 mL of 0.1 mol dm ’ aqueous pyridine 
(Jt^ = 1.7 x 10'“ mo/) is titrated with 0.1 mol dm~^ 
hydrochloric acid. Calculate the pH initially, at equivalence and 
after 30 cm’ hydrochloric acid have been added. 


Solution: 

P^.. = 14; 


For salt of weak base and strong acid: 
pH = l[p^,,-p^,-logC] 
pJiTj =-log ,0 1.7x10"“ =8.769; C = 0.05 


pH = ^ [14 - 8.769 +1.30102] = 3.27 


(pH at equivalence) 


5 cc 0.1 MHCl will be considered for pH. 

Mole of HCl remaining = .. x 5 = 5 x 10'^ 

1000 

5x10^ 

New molarity =:^ -X 1000 = 0.00909 M 

55 

pH =-log [0.00909] = 2.04 

J ' l Example 14. If very small amount of phenolphthalein is 
added to 0.15 mol litre~^ solution of sodium benzoate, what 
fraction of the indicator will exist in the colouredform? State any 
assumption that you make. 

{Benzoicacid )=6.2x 10'l.S:^ lx 10'*l 

Kj„ {Phenolphthalein) = 3.16 x 10'*“ 
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Solution: Formula for pH of salt hydrolysis: 
pH=l[p^,+log C] 

= 1 [14 -iog,o 6,2x10-^+ log 0.15] 

2 

= 8.6918 

Formula for pH of indicator: 

pH = p^,„+log,o^^ 

[HIn] 

8.6918 = -log ,0 (3.16X 10-'°)+ logio ^ 

[HIn] 

0.16 = [In - ] / [HIn] = Fraction of indicator in coloured form. 


-ty Example 15. How much NH^ must be added to 0.004 M 
Ag'^ solution to prevent the precipitation of AgCl when (CF ) 
reaches 0.001 M? K^p for AgCl is 1.8x10“'° unrf K for 
AgiNH^)^ is 5.9xW\ 


Solution: 


■^-10 


. 1 8 X 10 “ T 

[Ag^] = -^ = -:”—^ — = 1.8x10“^ M 

[cr] 0.001 

NHj is added to keep the cone, of Ag below 1.8 x 10“ ^ M 
to prevent precipitation. 

[AgCNHj >2 at above limiting condition 

= 0.004 - 1.8 X lO-"^ = 0.004 M 

[Ag(NH3)2]^^Ag"+2NH3 

^ ^[Ag"][NH 3 ]^ 


[Ag(NH 3 ) 2 ]^ 


5.9X10- 


[0.004] 

[NH 3 ] = 0.036 Af 

[^^slxotal [^^3 Icomplexed 

= 0.036 + 2 X 0,004 = 0.044 mol/litre 


Example 16. Calculate the percentage error in hydronium 
ion concentration made by neglecting ionization of water in 10 “* 
MNaOH. 

K 10“*^ 

SoluHon: [HjO^ ] = —Si- = -ii-- = 10“* M 
[OH-] 10“® 

[Neglecting ionization of water] 
Consider ionization of water. 

[H30"]=y [OH-] = (y+10-) 

[H 30 '‘][OH-] = ii:,, =10“''’ 
y[y+ 10 -^] = 10 -''‘ 

/ + 10 - 7 - 10 “"' =0 
^n solving for y, y = 9.9 x 10“^ 


% error: 


10 


-8 


9.9x10“ 


X 100=1% 


9.9x10“ 


Example 17. Determine the silver ion concentration in a 
0.2 Msolution of [Ag{NH^ )2 ]NO^. 

AgiNH^t^Ag^ 


K = 

diss. 


[Ag+][AH 3 ]' 


6 . 8 x 10 “ 


[Ag{NH^)l] 

Solution: Let concentration of Ag ^ at equilibrium be ‘ C’M. 
[NH 3 ]= 2 CAf 


K 


6 . 8 x 10 


-8 


JAg^][NH 3 f 
' [Ag(NH 3 )+] 
Cx4C^ 


0.2 

C = 0.0015M 

T'. Example 18. The solubility of silver acetate in pure water 
at 25° C is 8.3,5 g litre~^ and 61.8 g litre~^ in an acid solution of 
pH = 3. Calculate: 

(i) K^p of silver acetate and 

(ii) dissociation constant of acetic acid. 

Solution: (i) CHjCOOAg (mw) = 167 

g mol/litre = 0.05 A/ 

167 

= s 2 = (0.05)^ = 2.5 x lO-'* Af 
(ii) Use expression of salt hydrolysis to calculate . 
pH=l[pA:,+ pa:„+ iogC] 


K„ = 1 , 8 x 10 “ 


gc-f Example 19. How many moles of NH^ must be added to 1 
litre of a 0.1 M AgNO^^ to reduce Ag'^ concenPation to 


2 x 10 “''Af.? 


Ag(NH,)l-. 

^ diss. 

Solution: [Ag(NH 3 )2 f 


■ Ag* + 2 AH 3 


iiO^ = 6 . 8 xl 0 “« 

[Ag(NH^)* ] 

= 0 . 1 Af 


[Ag"] = 2xl0 
K 


[Ag" ][NH 3 ]' 


6.8x10“ 


[Ag(NH3)2]" 

2 xl0“’[NH3f 


01 


[NH3] = 0.184Af 
It is the concentration of free NH 3 . 

=[NH3]p,«,+[NH3 ]c,^„,^ 

= 0.184+ 2x0.1= 0.384 Af 

5:^5 ..Example 20. A buffer of pH 8.50 is prepared from 
0,02 mole ofKCN. The desired volume of buffer solution is tobel 
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litre. How will you make this buffer by using HCl? What is the 
change after addition of 0.5 x 10“'' mole HCl to 100 cm^ and same 
amount ofNaOHin 100 cm^ of buffer? HCN = 6.2 x 10“'“ ) 

Solution: KCN +HC1->KC1 + HCN 


KCN +HC1 — 

(0.02 -x) X 

pH= + log 


[Salt] 

[Acid] 


8.50 =-log (6.2xl0"‘“) + log,o 
■0.02-;c 


0.02-X 


8.50= 9.2076+log 


10 


x= 0.01672 

(Buffer is prepared by adding 0.01672 mole of HCl in salt 
KCN.) 

Calculation of pH change when HCl is added: 

Moles of HCl added in 1 litre buffer = 0.5 x 10”^ 

HCl will convert more salt into acid. 


pH =9.2076+log 


0.00382-0.5 X 10“ 


10 


= 9.4156 


0.01672+0.5 X 10“^ 
pHchange = 9.4156- 8.50 = 0.9156 

;; ^Example 21. What {H^O"^ ) must be maintained in a 
saturated H 2 S solution to precipitate Pb , but not Zn^^ from a 
solution in which each ion is present at a concentration ofO.OlM? 

H 2 S = 1.lx 10-^2 andK,^ ZnS = l.Ox 10“^' ) (iit2000) 

Solution: 

ZnS = [Zn][S^“ ] = 1.0X 10“^' 
or 0.01x[S^-] = 1.0x10“^' 

or [S^“]=1.0xl0“'® 

To start precipitation of ZnS, the required concentration of 
sulphide ions is 1.0 x 10 “'^. 

Ksp H2S=[H'']2[S^“ ] = 1.1X10“^^ 


-22 


or 


[H"] 


2 _ 


1.1x10 

^-19 


= 1.1x10“^ 


1 . 0 x 10 “ 
or [H"" ] = 0.033 IM 

Thus, the hydrogen ion concentration higher than 0.0331 M 
will reduce the concentration of sulphide ions which will not 
allow the precipitation of Zn^"^ ions as ZnS and under this 
condition only PbS precipitation occurs. 

Example 22. The average concentration of SO 2 in the 
atmosphere over a city on a certain day is 10 ppm, when the 
average temperature is 298 K. Given that the solubility of SO 2 in 
water at29SK is 1.3653 mol litre~^ and the pK^ of H 2 SOJ is 
\.92,estimatethe pH of rain on that day. (IIT2000) 

Solution: pK^ = 1.92 

= antilog (-1.92) =0.012 


H 2 SO 3 


< = o 


^ 2H^ + SOj" 


C-Ca 


0 

2Ca 


0 

Ca 


= 


[H"]^[SO^] 

[H 2 SO 3 ] 


0012^(2Ca)>Ca^4C^^4^2«3 
C(l-a) (1-a) 

0.012 = 4 X (1.3653)^ xa^ 
or a = 0.117 

[H^] = 2Ca = 2 X 1.3653 x 0.117 = 0.3194 
pH = - log ,0 (0.3194)= 0.495 

S+'iExample 23. 0.16 g 0 / N 2 H,^ are dissolved in water and 
the total volume made up to 500 mL. Calculate the percentage of 
N 2 H^ that has reacted with water at this dilution. The K^, for 
N 2 H^ is 4.0 X 10 ® M. J 998 ) 

Solution: Concentration of N 2 H 4 , 

„, „ , 0.16 1000 
^ 32 500 

N 2 H 4 +H20^^N2H5 +OH“ 

At equilibrium 1-a a a 

K, = Ca ^ or a ^ = :^ = = 4x10“^ 

* C 0.01 

or a = 2 x 10 “^ 

i.e., 2% 

■ Example 24. What will be the resultant pH when 200 mL 
of an aqueous solution of HCl ( pH = 2) is mixed with 300 mL of 
an aqueous solution of NaOH ( pH =12).^ (IIT 1998) 

Solution: pHof HC1 = 2 .•.[HC1] = 10“^ M 

pHofNaOH = 12 .•.[NaOH] = 10“^ M 

HCl + NaOH NaCl + H 20 

meq after reaction 0 100x10“^ 

= 1 

[OH“ ] after reaction = —— = 2x10“^ M 
500 

pOH = - log [OH‘] = - log 2 X 10“^ = 2.7 
pH=14-2.7=11.3 

, Example 25. 500 mL of 0.2 M aqueous solution of acetic 
acid is mixed with 500tnZ, o/Q;2 MHCl at 25°C. 

{a) Calculate the degree of dissociation of acetic acid in the 
resulting solution and pH of the solution. 

(b) If 6g of NaOH is added to the above solution, determine 
final pH. Assume there is no change in volume on mixing. for 

acetic acid is 1.75 x 10“^ M. (HX 2002 ) 

Solution: (a) Cone, of HCl and CH 3 COOH after mixing 
will be 0.1 M 

CH 3 COOH CH 3 COO“ + H ^ 
t = 0 0.1 0 0.1 (from HCl) 


0 . 1 -X 


( 0 . 1 + x) 


K„ = 


[CH3C00~][H^] 

[CH 3 COOH] 
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1.75x10' 

On approximation. 


_5 J[:X(0.1 + x) 


(0,1-x) 
js:= 1.75x10’^ 
[H+]=0.1 + x=0.1M 
pH=-log [0.1] = 1 

1.75x10 


-5 


Degree of dissociation of acetic acid 


0.1 

6 


= 1.75x10' 


(b) Number of moles of NaOH added = — = 0.15 

40 


CHj COOH + HCl + NaOH; 
< = 0 0.1 0.1 0.15 


0.05 


0 


0 


pH = pi5:^ +log 


i CHjCOONa + NaCl + H^O 
0 0 0 

0.05 0 0 

[Salt] 


[Acid] 


= - log 1.75 X 10'^ + log — = 4.757 
0.05 

26. Will the pH of water be same at A°C and 
25° C? Explain. (iIT2003) 

Solution; We know that, 


At25°C. [H"]=[OH'] = l,01xl0'’'A/ 


pH = -log,o [H"] = -log,o[10'’] = 7 
At 4°C, ionization of water will be less than that at 25° C. 
at 25° CK„ =[H^ ] [OH' ] will be less than 10''^ Thus, pH 
of water will be more than 7 at 4°C. 

f'- - Example 27. O.l M NaOH is titrated with 0.1 M HA till the 
end point; for HA is 5.6 x 10'^ and degree of hydrolysis is 
less compared to 1. Calculate pH of the resulting solution at the 
end point. (IIT 2004) 

Solution: Neutralization of R<4 with NaOH may be given 
as. 


a4+NaOH- 


0.1 


-Na4 + H 2 O 


Concentration of salt will be — M, i. e., 0.05 M, since volume 

2 

will be double. pH of the salt after hydrolysis may be calculated 

as, 

pH=|[pii:,+pA:,+iogC] ...(i) 

pK„ = 14 

=-log =-log (5.6x 10'^)= 5.2518 


log C= log 0.05 =-1.3010 

Substituting the values of pK^, pK^ and log C in eq. (i) we 


get. 


pH= - [14 + 5.2518- 1.3010] = 8.9754 


Example 28. A solution of acetic acid is 1% ionised. 
Determine the molar concentration of acetic acid, {ionization 
constant for acetic acid = 1 . 8 x 10 '^) iljCtt L (iviuiisij) 2 (HS 6 | 
Solution: CHj COOH CHj COO'+ H^ 
to C 0.0 


C-Ca 


Ca 


Ca 


K„ 


[CH 3 COO- ] [H^ ] _ Ca X Ca 


1.8x10' 


[CH 3 COOH] 

Cg^ 

1 -a 

C X (0.01)^ 


C-Ca 


(a = — = 0.01) 

100 


1 - 0.01 
1.8x10'^ =Cx 10''' 

C = 0.18A/ 

Example 29. A mixture of H 2 O and solid AgCl shaken to 
obtain saturated solution. The solid is filtered and to lOOrnCq/" 
filtrate, 100 mL of 0.03 M NaBr is added, will a precipitate bp 
formed? [iK'i'.Ct'; (.Viains) 2006] 

AgCl = 10'*®, K,p AgBr = 5 X lO'*^ 

Solution; Let solubility of AgCl is ‘5’ 

AgCl =5^ 


= ^fl^ 


10 ' 


When, 100 mL of both AgCl and NaBr are mixed then, 
concentration of Ag ^ and Br“ will be; 

[Ag^] =0.5x lO'^M 


[Br' 


200 
100x0.03 

200 


= 0.015 M 


Ionic product of AgBr = 0.5 x! 10 ^ x 0.015 
= -7.5x 10'* 

Since, ionic product of AgBr is greater than its solubility 
product, hence AgBr will be precipitated. 


Summary and Important Points to Remember 


1. Strong and weak electrolytes: Electrolytes which 
ionise almost completely when dissolved in water are termed 
strong dectrolytes while those electrolytes which ionise to small 
extent are termed as weak electrolytes. The degree of ionisation 
and electrical conductivity of strong electrolytes have high values 


while weak electrolytes possess small values. NaOH, HCl, 
H 2 S 04 ,BaCl 2 ,KCl, etc., are strong electrolytes while 
NH 40 H,CH 3 C 00 H,(NH 4 ) 2 C 03 ,HCN, etc., are weak 
electrolytes. 

Degree of ionisation 








Ionic Equilibrium 


_ Number of molecules of the electrolyte dissociated into ions 
Total number of molecules of the electrolyte dissolved 

2 . Ostwald’s dilution law: A dynamic equilibrium exists 
between ions and unionised molecules of the electrolyte in 
solution and law of mass action can be applied to this equilibrium 
also. Consider a binary electrolyte AB. 


AB 

Initial concentration c 
Cone, at equilibrium C(1 - a) 


A^ +B~ 
0 0 
Ca Ca 


where, a is the degree of dissociation 
_ [ 4 ^][- 8 “.] _ Ca xCa _ G xa^ 

[AB] “ C(l-a) " ( 1 -a) 

K is termed ionisation constant. For a weak electrolyte, the 
value of a is very small in comparison to 1 . Thus, 1 - a —> 1 . 

- K = Ca^ or-a = -or a = V^-- 


Where, V is the volume containing one mole of electrolyte. 

The degree of dissociation of a weak electrolyte is 
proportional to the square root of dilution. It increases as V 
increases and approaches to one at high dilution. 

ThisJaw. holds good for weak electrolytes^In the caseof acids, 
ionisation constant is represented as and in case of bases Kf,. 
Polybasic acids ionise stepwise and each step has its own 
ionisation constant. 

For example, H3PO4 ionises in three steps: 


Step!: 


,H3P04 + H2PO4; Ki = 

‘ [H3PO4] 


Step U: H2PO4 ^ + HPO^” 


Step ni: 


HPO^ 


H3PO4 


+PO^-; 


:3H'" + P 04 “ 


_ [H"][HPO^] 

[H 2 PO 4 ] 

_ [H"][PO^] 

[HPO^] 


A" = A"; X is:2 X K-i 

Generally, K^ > K2> K-^ 

3 . Common ion effect; The degree of dissociation of a 
weak electrolyte is suppressed by the presence of another 
electrolyte (strong) containing a common ion. As a result of 
common ion effect, the concentration of the ion not in common in 
two electrolytes decreases. 

4 . Solubility product: In a saturated solution of an 
electrolyte, two equilibria exist in solution. It can be represented 


'-A* +B~ 


^ AB 

Unionised 

(dissolved) 


In saturated solution, the value of [AB] is fixed at a definite 
temperature. 

Thus, K[AB] = [A'^][B~] = (constant) 


Kj. is termed solubility product. For a general equation, 
A^By^^xA^^ + yB^- 

K,^[Ay^r[B^-y 

Thus, solubility product is defined as the product of 
concentrations of ions raised to a power equal to the number of 
times the ions occur in the equation representing the dissociation 
of the electrolyte at a given temperature when the solution is 
saturated. 

For the precipitation of an electrolyte, it is necessary that the 
ionic product must exceed its solubility product. 

Relationship between solubility and solubility 
product: Salts like Agl, PbS04, BaS04, Pbl2, etc., which are 
considered to be insoluble do possess solubility. It is assumed 
that whole of the dissolved electrolyte is present in the form of 


xS 


Let ‘S' mol per litre be solubility of the salt; then 


=x^yy(sryy 

(a) 1:1 type salts such as AgCl, Agl, BaS 04 , PbS 04 , etc. 

K,=S^ OT- S = ^ 

(b) 1 : 2 or 2 : 1 ^e salts ^uch as A g 2 C 03 , Ag 2 Cr 04 , 

Pbl 2 , CaF 2 , etc. .. ... 

=5x(25)^ =45^ 

V 4 

(c) 1:3 type salts such as AII 3 , Fe(OH) 3 , etc. 

K, =Sx{3Sy -27S'^- . 


The presence of common ion affects the solubility of salt. Let 
C be the concentration of strong electrolyte containing (Jommon 
ion and new solubility of salt he S'. For an electrolyte, AB, 

S^ =K,=S'[S'+ C) 

Applications of Soiubility Product and Common ion 
Effect 

(i) Purification of common salt. 

(ii) Salting out of soap. 

(iii) Precipitation of the sulphides of group (II) and (IV). 

(iv) Precipitation of the hydroxides of group (III). 

(v) Using excess of precipitating agent in gravimetric 
estimations. 

(vi) Predicting precipitation in ionic reactions. 

5 . Acids and Bases: Three important concepts are: 

(i) Arrbenius concept: All substances which furnish 
ions when dissolved in water are called acids while those which 
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ionise in water to furnish OH“ ions are called bases. Actually free 

ions do not exist in water. They combine with water to form 
hydronium ions (HjO"^ ). The reaction between an acid and a 
base is termed as neutralisation. 

All aqueous solutions contain both and OH” ions. 
However, their relative amounts are different in different 
solutions. 

H"^ >OH“—solution will be acidic 
H^ <OH“ —solution will be basic 
H^ =OH” —solution will be neutral 

(ii) Bronsted-Lowry concept: Any molecule, cation of 
anion, which provides proton to any other substance is known as 
an acid and any molecule, cation or anion, which can accept 
proton from any other substance is known as base. Conjugate 
.nduTbase^ irs a re formed-hy - the loss or gain of a proton. -— 

" .■ “ 

CH3COOH CH3COO” 

Acid +H^ ' Sase ‘ ■ 

- +H'^ 

NH3 T=^ NH4 
. ' -Base -H+_ Acid 

In a conjugate pair, if acid is strong, the base will be weak and 
vice-versa. The substances which possess dual nature are termed 
aniphiprotic such as H20andNH3. The acid-base reaction 
involves two conjugate pairs. 

Acidj + Base2 . . Acid; +Basej . 

Conjugate pair 
Conjugate pair 

This concept fails to explain reactions between non-protic 
acids and bases. 

{iii) Lewis concept: A base is defined as a substance which 
can furnish a pair of electrons to form a coordinate bond whereas 
an acid is a substance which can accept a pair of electrons, i.e., 
base is a nucleophile and acid is an electrophile. All Lewis bases 
are Bronsted bases but all Lewis acids are not Bronsted acids. All ■ 
simple cations, molecules whose central atom has incomplete 
octet, the molecules in which central atom can expand its valence 
cell and molecules having multiple bonds between atoms of 
different electronegativities can act as Lewis acids. All simple 
anions and molecules haying one or more lone pairs of electrons 
can act as Lewis bases. 

Arrhenius concqjt is most simple and explains satisfactorily 
reactions in aqueous solutions. 

6. Relative strength of acids and bases: The extent to 
which an acid property: is given by an acid is a measure of its 
strength. The strength pf theacid solution does not depend on its 
concentration but on the number of H^ ions present. On dilution, 
as the number of H”*^ ions increases, the strength of an acid also 
increases. At infiiiite dilution, all acids are almost coinpletely 
ionised and, therefore, tend to be equally strong. The 
concentration of H^ ions at all other dilutions of equimolar 
solutions of the acids may not be equal and depends on their 


degree of dissociation. The relative strength is generally 
compared in terms of degree of dissociation of equimolar 
solutions. 


Strength of acid I _«! 
Strength of acid II a 2 


K 


“1 


K 


“2 


The strength of the base depends upon O H~ ion concentration. 
Strength of base I _a] _ Kb[ 

Strength of base II a 2 


7 . Neutralisation: The neutralisation is the interaction of 
H^ ions furnished by an acid and OH” ions furnished by a base 
or a reaction between acid and base to form salt and water is 
termed neutralisation. 

Salts are regarded as compounds made up of positive and 
negative ioi«. The positive part comes from a base and negative 
pan comes from an acid. The salts are generally crystalline 
soIidsr"These are classifiM intoThe followi:®-^ 

(i) Simple salts: The salts formed by neutralisation process 

are of three types; ' , 

(a) Normal salts are salts formed by the replacement of all 

replaceable hydrogen atoms at H* ions. Examples are NaCl, 
KN 0 j^.GuSD 4 .,.EeS 04 ,etc. - -.- . 

(b) Acid salts are formed by incomplete neutralisation of 
polybasic acids. Examples are NaHC03,NaHS04,Na2HP04, 
etc. 

(c) Basic salts are salts formed by inqoinplete neutralisation 
of polyacidic bases.. Exanqjles are: Zn(OH)Cl, Mg(OH)Cl, 
Fe(OH)2Gl, etc. 

(ii) Double salts are the addition compounds formed by 
combination of two or more simple salts. Such salts are stable in 
solid state only. Examples are FeS04 ■ (NH4 >2 SO4 ■ 6H2O, 
K2SO4 •Al2(S04 )3 -2^20, etc. These salts when dissolved in 
water furnish all the ions present in simple salts, , 

(iii) . Complex salts are the salts formed by combination of 

simple salts or molecular compounds, These are stable in solid 
state. On dissolving in water, tihey furnish at least one complex 
ion. " 

Examples are K4Fe(CN)g,[Cu(]SfH3 )4]S04,etc. 

(iv) Mixed salts furnish more than one cation or more than 
one anion when dissolved in water. Examples are: 

, 0 C 1 Na, 

Ca<(_ , ^S04 ,etc 

Cl K'^ 


8. Ionic product of water: Pure water is a weak 
electrolyte and is very slightly dissociated into hydrogen and 
hydroxyl ions. 

H20^=^H++0H- 

^_ [H^][OH-] 

[H2O] 

[H2O] can be taken as constant. 

iC[H20] = [H^][0H-] = ^,„ 
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is constant and knoTO as ionic product of water. Its value 
is 1 x 10 ”''^ at 25 ° C. The value increases with increases of 
temperature. Since, water is neutral, ] = [OH~ ] 

.or,.--. [H^]=[Off']^1.0^’. 

When the solution is acidiC; ; ' 

Similarly, when[H^ ] <[OH“ ], die solution is basic in nature. 
Every aqueous sdlutioii, whether acidic, neutral or Basic, contains 
both and OH” ions; The product of .their-eohcenti^tions is 
always l x 10 ”*^ at 25 ° C... If phe.inereases,.the other decreases;. 

[H+] = -£j^ and. [OH”] = -^ 

^ - [OH”-] . - V " \ : - .[H*]-,' y.- . ■ 

9. j pH scale: This has been devised by Sorensen in 1909 . 
The negative logarithm of the cnncenitati nn of h ydrngpn ion s is - 
termed the pH of the solution._■ ~ _ 


Ku 


Ku 


[SOH][H+ ] ChxCh Ch^ 


[ 5^1 


C{\-h) {\-h) 


■■ Ch^ (if k is small) 




Kb 

IK 


L = 
C 


K^. 


CxKb 


:W=[H+]: 


^ICxK„ 

Kb 


-pH=gp^^-Kp^,~KlogC 

11. Suminai^ pH of mixtures of acids and bases: 

Let ‘ x' meg ofacid (Hj) and‘ y’meq dfbase (ilOHl be mixed. 


pH=-log[H^>log 


1 


[H*] 


pH is thus logarithm of the reciprocal of hydrogen ion 
concentration. 


Siffiilarlj^ ; “ ; ppH = - log[OH” ] = log - 


[OIT] 

pH+pOH = 14 

Limitations of pH scale: pH values do not give any 
immediate idea about the relative strengths of the solution. pH 
yalne-is zero fbr llV solution ofstrong acid. In case of 2 iV, 3 N, 4 
N, etc., sblutipns, pH values are negative. A solution of an acid 
having very low concentration, say 10 ” * N, cannot have pH 8 as 
shown by pH formula but the actual pH value will be less than 7 . 

10 . Hydrolysis: It is the interaction of ions of a salt with 
water to give acidic, basic or neutral solution. It is found m the 
salts of weak acids and strong bases, in salts.-of strong acids and 
weak bases and in salts of weak acids and weak bases. The 
process of hydrolysis is actually the reverse of neutralisation. 

■ . ■ Salt + Water Acid -t-Base 

If acid is stronger than base, the solution is acidic and in case 
base is stronger dian acid, the solution is alkaline. When both 
acid and base are either strong or weak, the solution is geneiilly 
neutral in nature. , ; . 

Salt of a strong acid and a weak base: The solution of 
such .a salt is acidic in nature. The cation of the salt is reactive and 
reacts with water; - ’ ‘ 


B* +mo^ 

C.d -A) - ' 


: 5 ,OH -f 

.. CA." CH 

Wcakbas^. 


The extent to which .hydrolysis proceeds is expressed as 
degree of hydrolysis. It is denoted as a or X 

^ Amount of Salt hydrolysed 

Total salt taken 

Let C be the concentration of salt and h be the degree of 
hydrolysis. 


meg = NV mL; N- = M X acidity or basicity 


Case I. Strong acid and strong base 

(a) When x.= y, then there will be complete neutralisation; the 
solution will then be neutrai with pH = 7 . 

(b) When x> y, then acid will remain after neutralisation. 

meg of remaining acid = (x - y) 


N, 


Strong acid ^ 


..y 

VmL 

V mL ' 
:x-y 


pH =-log 


10 


FmL 


(c) When y > x, then base will remain after neutralization, 
meg of remaining base = (y - x) 

(y-x)y ■ 


^Nb 


[OH ]§trong base -^6 
(y-x) 


FmL 

(y-x) 


pOH=-log 


10 


F mL - ^ 
pH- 14 - pOH 


FmL 

Case 11. Strong base and weak acid 

(a) If x= y, then after coimilete neutralisation there will be 
salt of weak acid and strong base. There will be hydrolysis; pH 
after hydrolysis may be calculated as; 

" ; ■ y . ;yy ypH.=| [^^ 

C = Cone, of salt in TO 

(b) If k > y, then weak acid will be in excess. 

.. . Weak acid = (x.-y)'nieq" 

Salt—ymeq 

The resultant solution will be acid buffer; its pH may be 
calculated as: 

[Salt] 


pH = p^:^ +log 


[Acid] 


Cone, should be taken in mol litre ^. 
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(c) When y>x, then excess of strong base will remain after 
neutralisation. Remaining base = (y~ x)meq 

Nt, 

Strong 


FmL 


pOH = - log 


10 


y- 


FmL 


Case in. Strong acid and weak base 

(a) When x= y, there will be salt formation after complete 
neutralisation. Salt of weak base and strong base will undergo 
hydrolysis. pH after hydrolysis may be calculated as: 

pH = ^[p/s:„-p/!:„-log,oC] 

C = Cone, of salt in mol litre~^. 


(b) When x> y, then strong acid will remain after 

heutfahsatidm ^ ^ ^..- ^ - 

Remaining acid = (x - y) meq 


K 

Strong 


(T-y) 

FmL 



pH=-log 


FmL 



(c) When y >x, then weak base will remain after salt 
formation; the resultant mixture will be, therefore, base buffer. 

14-pH=pOH=p^:,+log,o^ 

Remaining base = ( y - x) meq 


Salt =x meq 

Salt and base cone, should be taken in mol litre"*. 

Case rV. Weak acid and weak base 

(a) When x = y, there will complete neutralisation forming 
salt of weak acid and weak base. pH after salt hydrolysis may be 
calculated as: 

= +pK^ -P^*] 

(b) When X > y, weak acid will remain after neutralisation; 
the mixture of weak acid and salt behaves as acid buffer. 

(c) When y>x, then weak base will remain after salt 
formation; the mixture thus behaves as base buffer. 

12. Acid-base indicators: In acid-base titrations, organic 
substances (weak acids or weak bases) are generally used as 
indicators. Tliey change llitjir colours within a ccilam pH range, 
orange pH range 3.2-4.5 Pink to yellow ^ 

Methylred pH range4-4 ~ 6.5 Red to yellow_ 

Phenolphthalein pH range 8.3 -10.5 Colourless to pink 

Two theories have been proposed to explain the change of 
colour of these acid-base indicators. These theories are: 

(a) Ostwald^sTheory (BJ^^umonoid theory 

The suitable indicators for the following titrations are: 

(i) Strong acid versus strong base—^Phenolphthalein, methyl 
red and methyl orange. 

(ii) Weak acid versus strong base—Phenolphthalein. 

(iii) Strong acid veraws weak-base—^Methyl red and methyl 
orange. 














1 . (a) Mention conjugate base of each of the following: 

HS”, H3O:", H2PO4, HSO4, HF, CH3COOH, CgHjOH, 

hcio4,nh; 

(b) Mention the conjugate acid of each of the following: 

OH”, CH3COO-, Cr, CO\~, H2PO4, CH3NH2, 
CH3C00H,NH2- 

(c) Which of the following behave both as Bronsted acids as 
well as Bronsted bases? 

H2O,HCO;, H2SO4, H3PO4, HS‘, NHj 

(d) Which is stronger acid in each of the following pairs? 

HCl, HI; H2CO3, H2SO4; H2O, HjS; QHjOH, C2H5OH; 
Na'^.K'' 

(e) Which is stronger base in each of the following pairs? 

_ OPT, cr; OH~, NH;; 0 H ~. C HjCQO"; CH3COQ~,Cr; 

_ . NH,‘.CH,NH, __ 

. (f) Classify the following into acids and bases according to 
Lewis concept: 

S^‘, H^, OH", BFyj' Ni^-', NF^^ Aicij, SnC^, NH3, 

(ch 3)20 

2. Predict whether therdbllowingXsubstances will give acidic, 
basic or neutral solution? 

(i) K2CO3 . (ii) NaCl (iii) FeCl3 

(iv) CUSO4 (v) AICI3 (vi) NH4CI. 

(vii) CH3COONH4 (viii) NaCN (ix) NajS 

(x) Na2B407 

3 . [A] Match the List-I with List-II: 


List-I List-n 

(a) Salt of strong acid and (p) ^ - dA: 1 

strong base 2 P ^ P 

(b) Salt of weak acid and (q) _1 ^ ^ j 

strong base w ^ 1 

(c) Salt of weak base and (r) 1 r p, p, 1 /-.i 

^ j - [P^w ” ~ *og Cl 

strong acid 2 * 

(d) Salt of weak acid and (s) J. 

weak base 2 ^ 


[B] Match the List-I with List-II: 


. ■LisW'- 
(Indicator) 

(a) Pheriolphthalein 

(b) Litmus 

. (c) Methyl red 
(d) Methyl orange 


List-n 

(pH range) 

(p) 4 . 2 - 6.3 

(q) 3 . 1 - 4.4 

(r) 8 . 3 - 10.0 

(s) 5 ! 0 - 8.0 


[C] Match the List-I with List-II: 


■ ■■■ 

(a) Lewis acid 

(b) Lewis base 

(c) Conjugate acid 

(d) Conjugate base 


jPOMtOI 


(P) PH3 

(q) [A 1 (H 20)5 0H]^^ 

(r) (CH3)3B 

(s) H30'' 


4 . ]Matrix 4 Iliat«idBg|ftattlhniis(Pan’IinrA%{)}i»»tt)); 

[A] Match the List-I with List-JI: 


(a) H3PO4 

(b) H3PO3 
(C) H3PO2 
(d) H3BO3 


numin 

(p) Monobasic 

(q) Dibasic 

(r) Tribasic 

(s) 5/7^-hybrid state 


[B] Match the List-I with List-II: 


.LM f ■ BiHUU 

: - ■ , (j([^gnsaffli)Mdtta|) 

(a) . Phenolphthalein (p) NaOH + HCl 

(b) Phenol red (q) H2SO4-t-NH4OH 

(c) Bromo cresol green (r) CH3COOH + NH4OH 

(d) Methyl orange (s) KOH+H2SO4 

[C] Match the acid/base in List-I with their nature in List-II: 


(a) HSO; 

(b) BF3 

(c) NH3 

(d) OH” 


n,ib<t m 

(p) Lewis acid 

(q) Lewis base 

(r) Bronsted acid 

(s) Bronsted base 


[Note:- Consider the normal behaviour of species.] 
[D] Match the Column-I with Column-II: 


ColtllDB-I ' CifaAl 

(a) Zirconium phosphate (p) 27 S'^ 

(b) Aluminium phosphate (q) 108 6'^ 

(c) Calcium phosphate (r) 6912 6'’ 

(d) Sodium phosphate (s) 


CbAtouBTil 
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[E] Match the Colunm-I with Colunm-ll; 

(NatiiFe^ofh|diffipib)'' 

(p) Only cation hydrolysis 

(q) Only anion hydrolysis 

(r) Both cation and anion 
hydrolysis 

(s) No hydrolysis 


[F] Match the Column-l with Column-ll: 

CofamiB-I ColoJiiii-II 

pSfiratidii) (Indicator used) 

(a) Strong acid versus (p) Methyl orange (3 - 4.4) 

strong base 

(b) Weak acid versus strong (q) Methyl red (4.3 - 6.3) 
base 

(c) Strong acid versus weak (r) Phenolphthalein (8-10) 
base 

(d) Weak acid versus weak (s) No suitable indicator 
base. 


PalQ 

(a) NH4CN 

(b) CHjGOONa 

(c) NaCt04 

(d) Fe(N 03)2 


\L^9t^e»€n4. 


tr 


ta)~S^“THprHPC^S 05 ,F .CHjCUO 


2 . Acidic: FpClj, Ci ^04 , AICI 3 , NH 4 CI 


C104,NH3 

(b) HjO, CH3COOH, HCl, HCO3, H3PO4, CHjNH; , 

CH3C00H2,NH3 

(c) HjO, HCO3, HS~ and NH3 behave both as acids and bases. 

(d) HI > HCl; H2SO4 >H 2 C 03 ; H^S > H.O; 

CgHjOH > C 2 H 5 OH; Na^ > K"- 

(e) OH ■ > Cl; NH^" > OH "; OH " > CH3COO"; 

CHjCOO’ > CF; CH3NH2 > NH3 

(f) Lewis acids: H^, BF3, Ni^'", AICI3, SnCl4 

Lewis bases: , OH^, NF3, NH3, (CH3 \0 


Basic: K 2 C 03 ,NaCN,Na 2 S,Na 2 B 407 
Neutral: NaCl, CH 3 COONH 4 
[A] (a-s), (b-q), (c-r), (d-p) 

[Bj (a-r), (l^s), (c-p), (d^) 

[C] (a-r), (b-p), (c-s), (d-q) 

[A] (a-r, s), (b-q, s), (c-p, s), (d-p). 

[B] (a—p, s), (b-r), (c-q), (d-p, s, q) 

[C] (a-r, s), (b-p), (c-q, s), (d-q, s) 

[D] (a-r), (b-s), (c-q), (d-p) 

[E] (a-r), (M). (c-s), (d-p) 

[F] (a-p, q, r), (b-r), (c-p, q), (d-s) 



Practice Problems • 



1 , Calculate the degree of ionisation of 0.1 M acetic acid. The 
dissociation constant of acetic acid is 1.8 x 10 “^. 

[An$. a = 1.34x10-^] 

A. Calculate the concentration of OH “ ions of 0.01 M NH 4 OH 
solution. The equilibrium constant ofNH 40 H is 1.8 x 10“^. 
[An«, 4.24 X 10"^ mol L'‘] 

3. At 15° C, 0.05 N solution of a weak monobasic acid is 3.5% 
ionised. Calculate the ionisation constant of acid. 

[.Ans. 6.125x10^’] 

4. 0.02 M solution of NH 4 OH is 3% dissociated. Calculate the 
dissociation constant of NH 4 OH. 

[,'vnr.. 1.8 X 10^5] 

5. A solution contains 0.4 M CH 3 COOH and 0.2 M CHjCOONa. 
Calculate the concentration of H ions. The ionisation constant 
of acetic acid is 1.8 x 10 “^. 

[A t)s. 3.6 X 10“’ mol L“'] 

6 The dissociation constant of hydrocyanic acid (HCN) is 
4 X 10“®. Calculate the rf' ion concentration of 0.01 M,HCN 
solution. 

[ 2x10“’mol L“'] 


7. The degree of dissociation of a weak electrolyte in 0,1 Maqueous 
solution is 0.0114 at 298 K. Calculate the degree of dissociation 
of the same electrolyte at 298 K in 0.001 M solution. 

[An.s. 0.114] 

8 . Calculate for a dibasic acid if its concentration is 0.05 N 
and hydrogen ion concentration is 1x10“^ mol L“‘. 

[Ans. 2 X 10"*] 

[Hint; Conc.= 0.025 M, [H+ ] = 2C x a = 1 x 10“^ 
i.e, a = 0.02, K^=AxC‘^ x a^] 

9. for HC 2 H 3 O 2 is 1.8 X 10“’. What concentration of the acid 
must be taken so that it is 1 % dissociated? 

[4n^ 0.18 mol L“'] 

10. Calculate the degree of ionisation and hydroxyl ion 
concentration in 0.2 M NH 3 solution. (A'j = 1.85x 10“’ 
at 298 K) 

[Ans. a = 0.962 x 10“^[OH“]= 1.924 x 10“’ M] 

If. The dissociation constant of acetic acid at 18°C is 1.8 x 10“’. 
Calculate the pH of 0.1 A and 0.001 N solution of acetic acid. 
[4 !>v 2.873,3.726] 
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12 . Calculate the approximate pH of 0.1 iU aqueous HjS solution. 

and K 2 for H 2 S are 1.0 x 10“’ and-1.3 x 10“’^ respectively 
at25“C 
[Ans. pH = 4] 

[Hint: Second dissociation constant is very small. ion 
concentration mainly depends on the first dissociation constant. 

+HS-] 

13 . The pH of a soft drink is 4.4. Calculate [H 3 O* ] and [OH“ ] of 
the drink. 

[Ans. 3.98 X 10“^ mol L“', 2.5 x 10“‘® mol L"'] 

14 . Calculate the pH of a 0.001 M solution of Sr(OH )2 assuming it 
to be completely ionised. 

[Ans. 11.301] 

[Hint: Sr( 0 H) 2 ^Sr’+ + 20H“; 

- 0 - 002 — - 

-j 57 ^he^value of-:K^—is-9:55-x-lf)^^H—at—a-certain temperature. 
Calculate the pH of water at this temperature. 

[Ans. 6.51] 

[Hint: .?C,=[Hn[OH-].So.[H^] = V^] 

16 . 9,8 g of H 2 SO 4 is present in 500 mL of the solution. Calculate 
the pH of the solution. 

[Ans. 0,3979] 

17 . The pH of a 0.1 A/ solution of an organic acid is 4.0. Calculate 
the dissociation constant of the acid. 

[Ans. 1 X 10”'^] 

1 8. Calculate [HjO^ ], [OH“ ] and pH of 0.2 M solution of HCN. 

=7.2xl0''“) 

[Ans. [HjO^ ]= 1.2 X 10“^ mol L‘‘, [OH“ ] = 8,33 x 10“"* mol 
L"‘,pH=4.92] 


19 . Calculate pH of 0.002 M CH 3 COOH if it is 2.3% ionised at 
this concentration. 

[Ans. 4.34] 

20. Calculate the pH of the solution obtained by mixing 150 mL 
of 0.2 MHCl and 150 mL of 0.1 MNaOH. 

[Ans. 1'30] 

21 . pHofaO.l MHCN solutionis 5.2. What is the value of for 
the acid? 


[Ans. 3,97xl0-‘«] 

22. The pH of a solution of S(OH )2 is 10.6. Calculate the 
solubility and solubility product of hydroxide. 

[Hint: pOH = 3.4, [OH“ ] = 3.98 x 10“'* mol L"‘ 

Solubility = j4[OH"]= 1.99 x lO"'* mol L“* 


i:^=[5"][0H-f = 3.15x10“"] 


23. 


Calculate the pH of a solution: 

0 ) containing 2 g of sodium hydroxide in one litre; 

(ii) made by mixing 50 mL of 0.01 MBa(OH )2 solution 
50 mL water. 



with 


[Ans. (i) pH =12.7. (ii) pH = 12] 
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24 . What happens to the pH of 500 mL of a solution that is 0.1 
molar in sodium acetate and 0.1 molar in acetic acid when 10 
mL of 0.1 M sodium hydroxide is added? 

[Ans. pH = 4.7447 and pH will increase] 

25 . What ratio of acetic acid to sodium acetate concentration is 
needed to achieve a buffer whose pH is 5.70? The dissociation 
constant of acetic acid is 1.8 X 10“^. 


26. 


27. 


[Ans. 1:9] 

Find the concentration of H^.HCOj and C 03 “ in a 0.01 M 
solution of carbonic acid if the pH of the solution is 4,18, 
=4.45x10“’, AC, =4.69x10“". 


[Ans. [H"" ] = 6.61 X 10“^ Af, [HCO] ] = 6.73 x 10“^ M, 


[CO|“] = 4.78x10“" molL“'] 


[Him. 


K, 


[Hn[COi“ 

[Hco;] 


X 10" 


^ 4.69 X 10' 


[H^ ] = 6.61 X 10“’ M, [H 2 CO 3 ] = 0.01 Af 
[HCO 3 ] = 6.73 X 10“’ M, [CO^“ ] = 4.78 x 10“" mol L~ ' ] 
What will be the pH value of a solution of 500 mL containing 
5 g acetic acid and 7.2 g of sodium acetate? = 1.8 x 10“’ at 
25° C. 


[Ans. 4.82] 

28. The concentration of HCIM and NaCN in a solution is 0.01 M 
each. Calculate the concentration of hydrogen and hydroxyl 
ions if the dissociation constant of HCN is 7,2 X 10“'°. 

(IIT 1991) 

[Ans. [H^ ]=7.2xIO“‘''Af:[OH“]=L4 xl0“’ Af] 

[Hint: pH = log-^^^ - logk:^ = - log [H" J ] 

[Acid] 


29 . A buffer solution of pH = 9 is to be prepared by mixing 
NH4CI and NH4OH. Calculate the number of moles of NH4CI 
that should be added to one litre of 1.0 M NH4OH solution. 

(A :6 = 1.8x10“’) (MLNR1991) 

[Ans. 1-8 mole] 

30 . Calculate the amount of (NH4 )2 SO 4 which must be added to 

500 mL of0.200 AfNHj to yield a solution of pH 9.35. {K^, for 
NH 3 = 1.78x 10“’) " (MLNR 1992) 

[Ans. 10.494 g] 

31 . Calculate the pH of the buffer containing 1.0 mol L“’ of weak 
acid HA and 0.1 mol L“' of its sodium salt Na.4 assuming 

to be 10“’. (Dhanbad 1993) 

[Am. pH = 5] 

32. Calculate for a base whose 0.1 M solution has pH of 10.5. 
[Ans. 10“’] 

33 . What is the maximum pH of a solution 0.10 M in from 
which Mg(OH )2 will not precipitate? Given, A' 5 p -[Mg(OH) 2 ] 
= 1 . 2 x 10 “". 


[Ans. pH = 9.4] 
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34. A solution of HGl has a pH = 5. If one mL of it is diluted to 1 
litre, what will be the pH of the resulting solution? 

[Ans. pH = 6.95861 

^ 1 ^-5 

[Hint: pH = 5, [H"*,] = 10'^ M. After dilution = — = 10"*M 

1000 

. [H^]=;10‘* + lO’’' 

= l.lxl0'’ 


pH = - log [H^ ] = - log 1.1X 10"'^ = 6.9586] 


35 . 


Calculate the pH of the solution obtained by mixing 10 mL of 
0.1MHaand40mLof0.2MH2S04. 

[Ans. pH = 0.4685] 


[Hint: [H^] = 


10x0.1+40x0.4 

50 


= 0.34] 


36 . The degree of dissoc iati on of a we a k electrolyte in 0 .1 M 
< a queous solution is 0.0114 at 29 8 K. Calcjdate the de gree of 
dissociation of the same electrolyse at 298 K in 0.001 M 
solution. 


[Ans. 0.114] 


[Hint: 


a is proportional to 


a 

a' 



= 0.1 
0.114] 


37 . 


The degree of dissociation of water is 1.8 x 10 ® at 298 K. 


Calculate the ionisation constant and ionic product of water at 
298 K. 


[Hint:' HjO^H^ + OH’, [Hp] =-^ = 55.56 mol L'*, 

18 

[H^ ] = [OH-] = C X a = 55.56 x 1.8 x 10’^ 

\K 55.56 X 1.8X 10-^x 55.56x 1.8x 10'^ 

“ .[H 2 O] 55.56 

= 1.8x10-“* 


= [H^ ][OH-] = (55,56 x 1.8 x lO'^)^ = 1 x 10"*“] 

38. One litre of a buffer solution is prepared by dissolving 0.6 

mole of NH 3 and 0.4 mole of NH 4 CI. What is the pH of the 
solution? ForNHj, = 1 .8 x IQ-’, 

(i) What is the pH of the buffer after addition of 0,1 mole 
ofHCl? 

(ii) What is the pH of the buffer after addition of 0.1 mole 
ofNaOH? 

[Ans. 9.4314 (i) 9.2553 (ii) 9.6233] 

39. One litre of a buffer contains 40 g of NH 4 CI and 20 g of NH 3 , 
Calculate the pH of the solution. if*(NH 3 )= 1.8 x 10“^ at 
298 K. 

lAns, 9.452] 

40. A buffer solution is prepared by mixing 50 mL of 0.5 molar 
ammonia solution, 40 mL of 0.4 molar NH4CI solution and 10 
mL of distilled water. Calculate the pH of the buffer. 
it:A(NH 3 ) = 1.8x10-* at 298 K. 


41 . 


42 . 


[Ans. 9.45] 

[Hint: Total volume = 50 + 40 + 10 = 100 mL 

Molarity of NHj = ^ = 0.25; 

100 

Molarity of NH4CI = Miii® = 0 .16] 

100 


pK^ value of acetic acid is 4.76 at room temperature. How will 
you obtain buffers of4.40 and 5.40 pH values from acetic acid 
and sodium acetate? 


. Acetate „ .Acetate 

[Ans. . : .— = 0.4365 and - 


Acid 


Acid 


^4.364] 


Calculate the ratio of pH of a solution containing 1 mole of 
CH 3 COONa + 1 mole of HCl per litre and of the other solution 
containing 1 mole of CHjCOONa + Imole ofCHjCOOHper 
litre. 


[Hint: 1st case: CHjCOONa + HCl-^GHjCOOH + NaQ 

1 mole 


pH, =-1'log if, 

2nd case: pHj = - log + log = - log if, 

[Acid] 

pHz 2 ^ .—.-.-. 

43. Calculate the composition of an acidic buffer solution 
(H^ +Na^) of total molarity 0.29 having pH =4.4 and 
if, = 1.8 X 10-^ 

[Ans. [Salt] = 0.09 M; [Acid] = 0.20iff] 

[Hint: pH = - log if, + log 

[Acid] 

= - log K + log- - -] 

(0.29 - 0 ) 

44. Calculate the pH of a solution obtained by mixing 100 mL of 
an acid of pH = 3 and 400 mL solution of pH = 1. 

[Ans. 1.096] 

45. The solubility product of AgCl in water is 1.5x10-*“. 
Calculate its solubility in 0.01 A/NaCl aqueous solution. 

(HT 1995) 

[Ans. 1.5 X 10"* mol L'*] 

46. Calculate the pH of a 0.02 M aqueous solution of NH 4 Ct? 
Given, pA'jjjj^oj, = 4.73. 

[Ans. 3:78] 

47. Determine the pH value of 0.1 M aqueous solution of 
ammonium cyanide (pAl, = 9.04, p^^ = 4.73). 

[Ans, 9.15] 

48. Calculate the pH of a 0.2 M solution of strychnine 
hydrochloride, (if ^ = 1x10-^ ) 

[Ans. 3.8494] 

49. The dissociation constants of acetic acid and aniline are 
■ 1.8 X 10"^ and 4.2 x 10-'“ respectively. What is the degree of 

hydrolysis of aqueous aniline acetate? What is the pH of the 
solution? 

[Ans. 0.5348, pH = 4.684] 
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50. A weak acid 114 after treatment with 12 mL of 0.1 M strong 
base has a pH of 5. At the end point, the volume of the same 
base required is 26.6 mL. Calculate the of the acid. 

[Aes. &219xl0'‘] 

[Hint; Applying 

Acid Base 
= 26.6 X 0.1 
= 2.66 meq. 

HA + 50H BA + HjO 
2.66 1.2 0 0 

After the reaction 1.46 0 1.2 1.2 


Applying Hendereon’s equation, 
[Salt] 


pH = log 


[Acid] 


] 


51. for HCN is 1.4 x 10"®.Calculate for 0.01 AKCN solution: 


(a) degree of hydrolysis 
~ (b) [Oir iandTCbrT ^ 

(c) pH 

[ Ans. (a) 2.67 x 10'^ (b) 2.67 x lO"*, 9.73 x 10"^ (c) 10.4265] 

52. What is the H*" ion concentration in ammonium acetate 
solution? 

^ l;8x 10 ^*, A:(, = 1.8x 10 “^ and = 1.0 x 10 “’'' 

[Ans. 1.0x10”’] 

53. A 40 mL sample of 0.1 Msolution of nitric acid is added to 20 
mL of 0.3 M aqueous ammonia. What is the pH of the resulting 
solution? Given, K ^ for ammonia = 1.8x10”^. 


[Ans. 8.95] 

54. Calculate the pH of 0.1 M solution of NH 4 OCN. Kf, for NHj is 
1.75 X 10”^ and for HOCN is 3.3 x 10”^. 


[Ans. 6.36] 

55. Which of the two solutions 0.1 MHCN = 4 x 10”’°) and 
0.1 M HF {K^ =6.7x 10”'*) will have greater degree of 
ionisation and to what extent? 

[ Ans.HF will have greater degree of dissociation. 
a(HF) 


a (HCN) 


= 12941 


56. Calculate the pH of a solution prepared by mixing 100.0 mL of 
0.4 MHCl with 100.0 mL of 0.4 MNH 3 . Hydrolysis constant 
of ammonium chloride is 5.6 x 10”’°. 


[Ans. pH = 4.96] 

57. Calculate the per cent hydrolysis in 0.003 M aqueous solution 
ofNaOCN. 

for HOCN = 3.33 X 10”'’M) (11X 1996) 

[Ans. 0.01%] 

58. What is the [OH"] in a 0.01 M solution of aniline 
hydrochloride? ATj for aniline is 4.0 x 10"’°. 

[Ans. 2.0 x10"”M] 

[Hint; QH 3 NH 3 + HjO C^HsNHj + H 3 O+ ] 

(0.01 - a) X X 

59. Calculate the pH of 1.0 x 10“° M sodium phenolate NaOCjHj. 

forC^HjOHislx 10"’°. 

[Ans. pH = 10.43] 


[Hint; CfiHjO" + H^O C^HjOH + OH” 

(0,001 -a) j ^ 


60. 


61. 


K,= 




= 1 X 10 " 


( 0.001 - x) 


a:’ + 1X 10”^jc - 1 X 10”’ = 0, X = 2.7 x 10"^ pOH = 3.57] 


The dissociation constants of m-nitrobenzoic acid and acetic 
acid are 36.0X 10”^ andl.Sx 10"^ respectively. What are their 
relative strengths? 

[Ans. 4.47:1] 

Calculate the degree of hydrolysis of 0.10 solution of KCN. 
Dissociation constant of HCN = 7.2 x 10”’° at 25° C and 


^,„ = l 0 xl 0 "’\ 

[Ans. 1.18x10”’] 

62. An aqueous so l ution of aniline of concentration 0 . 24 M is 
prepared. What concentration of sodium hydroxide is needed 
in this solution so thatanilihium ion concentration remains at 
lxl0”®M? 


(K^ for CjHjNH^ = 2.4 x 10 ® M) (HT 1996) 

[Ans. 0.01 M] 

63. What is the pH of a 0.50 M aqueous NaCN solution? of 

.CN”'is4?7b.' ..(iffloW 

[Ans. pH = 11.5] 

64. Calculate the pH of an aqueous solution of 1 M ammonium 
formate, assuming complete dissociation. 

(p^, =3.8,pi:, = 4.8) (11X 1995) 

[Ans. 6.5] 

[ Hint; Use; pH = 1 [p^„ - pK^ + pK, ] 


65. Calculate the hydrolysis constant of the salt eontaining NO 2 
ions. Given, for HNOj = 4.5x 10”’°. (MLNR 1996) 
[Ans. 2.2x10”^] 

66. Aniline is an amine that is used to manufacture dyes. It is 
isolated as aniline hydrochloride [CjH 5 NH 3 ]Cl, a salt of 
aniline and HCl. Calculate the pH of 0.233 M solution of 
aniline. 

[if j, = (aniline) = 4.6 x 10”’° ] 

[Ans. 2.64] 

67. Calculate the pH of a 0.1 M solution of AICI 3 that dissolves to 
give hydrated aluminium ion [A 1 (H 20 ) 5 ]^’^ in solution, 
(if, =1.4x10”') 

[Ans. 2.92] 

[ Hint: Consider the equilibrium: 

[A1(H20)6]^ + H 2 O ^ HjO^ + [A1(H20)5(0H)]’^ ] 

68. Calculate the amount of NHj and NH4CI required to prepare a 
buffer solution of pH, when total concentration of buffering 
reagents is 0.6 mol litre"’, pKf, for NHj = 4.7, log,(, 2 = ft.30. ' 

(IIT 1997) 

[ Ans. [Salt] = 0.4 Af, [Base] = 0,2 M] 

69. The solubility product of AgCl in water is 1,5 x 10"’° at 18°C. 
Calculate its solubility at the same temperature. 

[Ans. l,75xlO”°gL”’] 
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The solubility product of AgBr is 4 x 10^'^ and the 
concentration of ions in it is lx 10”® mol L”'. What is 
concentration of Br“ ions? 

[Ans. 4x 10”’molL”‘] 

’^1- A sample of hard water contains 0.005 moleofCaClj per litre. 
What is the minimum concentration ofNa 2 SO 4 which must be 
exceeded for removing calcium ions from this water solution? 
The solubility product of CaS 04 is 2.4 x 10“®. 

[Ans. 4.8xlO”^molL”'] 

72. Solubility of AgCl at 20°C is 1.435 x 10”® g L”'. Calculate 
the solubility product of AgCl. 

[Ans- 1 X 10”'“*] 

7-^- Given, that the solubility product of radium sulphate (RaS 04 ) 
is 4 x 10”". Calculate its solubility in; 

- (a) pure -water.- 

(b) 0A0Jkfm2S.O4...(Dh anhad 19 92) 

[.Ans. (a) 6.32 x 10”® mol L”' (b) 4 x 10”'“ mol L”' ] 

74. Calculate the solubility of AgCl in 0.20 M AgNOj. AgCl 
is lx 10 '‘“. 

[Ans. 5 X 10”'° mol L”'] 

75- The values of for sparingly soluble AB and MRj are each 
equal to 4.0 x 10”'*. Which salt is more soluble? 

[Ans. Solubility ^^ = 2x10”’; Solubility Mfij = 1.0 x 10”®; 
MBi is more soluble] 

76. The solubility of C £^04 at 25°C is 2,036 g L”* and degree of 

dissociation of the saturated solution at this temperature is 
52.25%. Compute for CaS 04 . (Mol. mass of 

CaS04 = 136) 

[Ans. 612 X 10“®] 

77. The concentration of the Ag”^ ion in a saturated solution of 
Ag 2 Cr 04 at 20°C is 1.5x10”** mol L“'. Compute the 
solubility product constant of Ag 2 Cr 04 at 20“ C. 

[Ans. 1.7x10”'^] 

7*- .STjp AgCl is 2.8 x 10”'° at 25“C. Calculate the solubility of 

AgCl in (a) pure water (b) 0.1 M AgN 03 (c) 0.1 MKCl and 
(d) 0.1 MKNO 3 . (MLNR 1994) 

[Ans. (a) 1.673 x 10”^ mol L”' (b) 2.8 x 10”° rml L”' 

(c) 2.8 X10”° mol L”' (d) No common ion is present, so treat it 
like water 2.8 X 10”° mol L”'] 

79. A solution is saturated with respect to strontium fluoride and 
strontium carbonate. The fluoride ion concentration in the 
solution is found to be 3.7 x 10”^ mol L”'. What is the value of 
[CO^”]? 

SrFj = 7.9 X 10”'° and istCOj = 7.0 x 10”'° 

[Ans. 1.2 X 10”^ mol L”'] 

[Hint: SrC 03 ^ [Sr’^J[COr i [CO^ 

[Sr2"][F-]’ [F'f ' 

Asolution contains 0.01 mol L”' of each Pb^’ and Zn ’ * ions. The 
solution is saturated with H 2 S when [S^”] is 1.Ox 10”''* moi L~'. 
Predict which one of the two ions will be precipitated from the 
solution? PbS = 2.4 x 10”^’ and K ZnS = 1.0 x 10”‘ '. 

sp ap 


[Ans. Both the ions will be precipitated as ionic products 
exceed the solubility products of both the sulphides.] 

81. An acid type indicator, HIn, differs in colour from its 
— conjugate base In”. The human eye is sensitive to colour 
differences only when the ratio [In"] / [HIn] is greater than 10 
or smaller than 0.1. What should be the minimum change in 
pH of solution to observe a complete colour change? 
(A:„=10”®) (I!T1997) 

[Ans. 2] 

[Hint: For calculation of pH we can use following relation: 

pH = p/i:. + log^^?^ 

“ [HIn] 

(i) pH = 5 + log,o 10 = 6 
■ (ii)pH = 5+Iogio0.1 = 4 

Thus, mini mum pH change will be 2.1 _ 

A sample of AgCl was tteated with 5 mL of 1.5 M Na^COT 
solution to give Ag 2 C 03 . The remaining solution contained 
0.0026 g Cr per litre. Calculate the solubility product of AgCl 
( 8 :^ Ag2C03 =8.2 x10”'’) (IIT 1997) 

[Ans. AgCl = 1,71x10”'°] 

83- Calculate, the simultaneous solubility of CaEj-and SrF 2 . /r^.for _ 
the two salts are 4 x 10”" and 2.8 x 10”® respectively. 

[Ans. 1 .25 X 10”® and 8.75 x 10^ ] 

84. The solubility product of Fe{OH )3 is l x 10”^®. What is the 
minimum concentration of OH” ions required to precipitate 
Fe(OH )3 from 0.001 M solution of FeCl 3 ? 

[Ans. 1 X 10”" mol L”‘] 

85. The solubility product of AgCl is 1.5 x 10“*°. Predict whether 
there will be any precipitation by mixing 50 mL of 0.01 M 
NaCl and 50 mL of 0.01 MA^O^ solution. 

[Ans. Since, ionic product (2.5 x 10”®) is greater than solubility 
product, precipitation will occur.] 

86 . A solution containing 0.1 M Zn’''' and 0.01 M Cu’’*' is- 
saturated with H 2 S. The S’" concentration is 8.1 x 10”" M. 
Will ZnS or CuS precipitate? 

K^ZnS = 3.0 X 10”“ and K^CuS = 8.0 x 10”" 

[.Ans. CuS precipitates] 

87. The precipitate of M 2 S 3 is obtained on mixing equal volumes 
of solutions S, having [M ^■'' ] = 4 x 10”® M and Sj having 
[S’” ] = 2x 10"* M. Calculate its solubility product. 

[Ans. 4 X 10""] 

[Hint; Let I litre of both S, and S 2 be mixed; then their 
concentration in mixture will become half (M |Fj = 

[M" J = 2 X 10”“ Af; [S’” ] = 1X 10”* 

A:,M2S3=[M*" f[S’- f 

= [2 X IQ-^ftl X 10”* f = 4 X 10"” M®] 

88 . Solubility products (K ^) of two salts AB and A 2 C are same 

where, 'A' is mono cation and B and C are anions. Calculate 
the ratio of their solubilities. 

[Ans. (16 AT^)*'*] 
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[Hint: Use; K^AB-x^ 

K^A,C=Ay^] 

89. Calculate the pH of a solution having 0.1 M formic acid and 
0.2 M HCl. Also find the concentration of all the anions 
present in the solution. 

[Ans. pH = 0.6989, [OH“ ] = 5 x 10'''*] 

90. Calculate the accurate pH of 5 x 10”^ M formic acid solution. 

(HCOOH) = 2 X 10"\ 

[Ans. pH = 3.043] 

[Hint: Use the quadratic equation: 

[H+]' + ^:jH+]-C^, =0 


[H+ ] = - 


-K„ + JK„ + ACK„ 


: 9.05 X 10' 


(On substituting the values of C and K j 

pH = - logio [H-] ^ 

= -logio [9.05x10-^1 
= 3.043] 

91. Calculate the accurate pH of 5 x 10"® M pyridine solution. 
.K'j(pyridine) = 1.5 x 10"’. 

[Ans. 7.1215] 

[Hint: Use; [OH’1^ =CA:i, + Al,, 

[OH- ] = ^5 X 10'^ X 1.5x10-’ + 10-“* 

= 71.75x10-'“ 

pOH = -log[OH-] 


= - log 7 i.75x 10“‘“ = 6.8785 
pH = 7.1215] 

92. Ionic product of water {K „) at two different temperatures 
25°C and 50°C are 1.08x10-'“ and 5.474 x 10“'“ 
respectively. Assuming AH of any reaction to be independent 
of temperature, calculate enthalpy of neutralisation of strong 
acid with strong base. 

[Ans. 12.5 kcal] 


[Hint: Use log —— = 


2.303 R T, 


93. The solubility product of Pbl 2 is 7.47 x 10 ’ at 15°C and 
1.39 X 10“* at 25 °C. Calculate the molar heat of solution of Pbl 2 . 


2303R{T, T,J 

[1.39x10-^] _ ah r 1_1_ 

[7.47 X 10“’] 2.303x 8.314 1288 298 


AH =44318.4 J = 44.318 kJ/mol] 

94. Given, a solution of acetic acid. How many times of the acid 
concentration, acetate salt should be added to obtain a solution 
with pH = 7 ? 

for dissociation of CH 3 COOH = 1.8 x 10-^ 

[BCECE (Mains) 2007J 

[Ans. 1.799 x 10^] 



^Objective OuEsnoNS 



Set-1: Questions with single correct answer 

1 . A certain weak acid has a dissociation constant of 1 x 10“ 
The equilibrium for its reaction with a strong base is; 


(a) 1 X 10 “' 
[Hint: 


(b) lx 10 “'° (c) lx 10 '° 


= 1 x 10 “ 


(d) lx 10 ' 


A* 

2. Which one of the following formulae represents Ostwald’s 
dilution law for a binary electrolyte whose degree of 
dissociation is ‘a’ and concentration C? 


(a) H = 


(l-a)C 


(1-a) 


(l-a)C 


(d) H = 


a" (l-a)C 

3. Which of the following is the correct quadratic form of the 
Ostwald’s dilution law equation? [CET (Jif 2009] 


(a) a^C + ocH-H = 0 (b) = 0 

(c) a^C-aX + K = 0 (d) a^C + aX + K = 0 

[Hint: According to Ostwald’s dilution law ; 

1-a 

or Ca^-\-Ka-K = 0] 

4 . A monoprotic acid in 1.00 M solution is 0.001 % ionised. The 
dissociation constant of acid is: 

(a) 1.0x10“^ (b) 1.0x10“° 

(c) 1.0x10“* (d)l.Ox 10“'° 

5. Formic acid is 4.5% dissociated in a 0.1 H solution at 20° C. 
The ionisation constant of formic acid is: 

(a) 21x10““ (b) 21 

(c) 0.21x10““ (d) 2.1x10““ 

6. The fraction of total molecules which is ionised in a solution 
of an electrolyte is known as; 

(a) molecular velocity 

(b) order of reaction 

(c) degree of ionisation 

(d) mole fraction of the electrolyte 
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77. One litre of water contains 10 ^ mole of H ^ ions. Depee of 
ionisation of water is: 

(a) l.SxlO-'yo (b) 0 . 8 x 10 "Vo 

(c) 3,6 X 10"’% (d) 3.6 X 10”’% 

[HlMt: Since, 1 litre of water contaira 1000 /18 mole, depee of 

... ,„_7 ,1000 

ionisation = 10 /-] 

18 

188. The depee of dissociation in a weak electrolyte increases: 

(a) on increasing pressure (b) on decreasing dilution 

(c) on increasing dilution (d) on increasing concentration 

99. Which of the following is the wejikest base? 

(a) NaOH (b) Ca(OH )2 

(c) IMH 4 OH (d) KOH 

Acetic acid is a weak electrolyte because: 

(a) its molecular mass is high 

(b) it irrcttvateiircoifipouiid ^ ^ ' 

(c) ^t1slTightylmstable ...■ . .. . 

(d) it does not dissociate much or its ionisation is very small 

111. When NH 4 CI is added to NH 4 OH solution, the dissociation of 
ammonium hydroxide is reduced. It is due to: 

IPiirrc^ip) i993|- ■ 

(a) common ion effect (b) hydrolysis 

(c) oxidation (d) reduction 

112. The addition of HCl will not suppress the ionisation of: 

IPMT(itiP) 199.31 

(a) acetic acid (b) sulphuric acid 

(c) HtS (d) benzoic acid 

m. H 2 S in presence of HCl precipitates second poup radicals but 
not fourth poup radicals because: 

(a) HCl activates HjS 

(b) HCl decre^es concentration oif sulphide ions 

(c) HCl increases concentration of sulphide ions 

(d) sulphides of IV poup are unsta ble in HCl 

)« 4 . The solubility product of a salt iis 1 x 10 *. In a solution, in 
which concentration of A is 10"^ M,. AB will precipitate when 
the concentration of B will be: 1 PET (MPj 199ff| 

(a) 10"’M (b) 10“‘‘M (c) 10'^ M (d) 10”* M 

ife. The solubility product of BaS 04 is 1.5 x 10"®. The 
precipitation in a 0.01 M Ba^"^ ions solution will start on 
adding H 2 SO 4 of concentration: 

(a) 10 "®M (b) 10 ”*M 

(c) 10”’A/ (d) 10”‘’M 

1<6. Solubility product of BaCl 2 is 4 x 10”®. Its solubility would 

be; [l^GET (Mg.nipaij 2906] 

(a) 1 X 10 "” (b) 1 x 10 ”^ (c) 1 X 10 "’ (d) 1 x 10 ”^ 

Which pair will show common ion effect? IPMt (MP) 19501 
(a) BaClj + Ba(N 03 >2 (b) NaCl + HCl 

(c) NH 4 OH+NH 4 CI (d) AgC2N+KCN 

1I88. What is the correct representation o,:f solubility product of 
Ag 2 Cr 04 ? 

(a) [Ag"f[CrO^] (b) [Ag"-J[CrO^] 

(c) [2Ag"][CrO|-] (d) [2Ag^f[CrOf] 


W. Solubility product of silver bromide 5 x 10”'^. The quantity of 
potesium bromide (mol^ mass taken as 120 g mol"*) to be 
added to 1 litre of 0.05 M solution of silver nitrate to start the 
precipitation of AgBr is : {AIEEE 20i v) 

(a) &2x 10”* g (b) 5.0x 10"® g 

(c) L 2 x 10 "'® g (d)L 2 xlO"®g 

31. When equal volumes of the following solutions are mixed, 
precipitation of AgCl {K^ = 1.8x10"'®) will occur Only with; 

i-Afiii; (PMT)2-:)G9; 

(a) 10"" M Ag" + 10"" M Cr 

(b) 10"* M Ag^ + 10"* M Cr 

(c) 10”* M Ag* + 10”* M Cr 

(d) 10”’® M Ag" + 10"'® M Cr 

21L Buffering action of a mixture of CH 3 COOH and CH 3 COONa 

_(a)J.O ^Pj) m 0.0 _(c)Jff06.^-(d)^ 0 .J - 

^ Which hydroxide will have lowest value of solubility product 
at normal temperature (25° C)? (H f 1990) 

(a) Mg(OH )2 (b) Ca(OH )2 

(c) Ba(OH )2 (d) Be(OH )2 

SL The solubility of Al(OH )3 is *S’ g mol L”'. Its so lubility 
product is; 

(a) (b) S* (c) 27S" (d) 27S* 

2ML The solubility products of Al(OH )3 and Zn(OH )2 are 
8.5x 10””andl.8x 10”'" at room temperature. If the solution 
contains Al*^ and Zn’" ions, the ion first precipitated by 
adding NH4OH is; 

(a) Al*" (b) Zn’+ 

(c) both t (d) none of these 

2S. The solubility product of CaS 04 is 2.4 X 10”*. When 100 mL 
of 0.01 M CaCl 2 and 100 mL of 0.02 MNa 2 S 04 are mixed, 
then: 

(a) Na 2 S 04 will precipitate (b) both will precipitate 
(c) CaS 04 will precipitate (d) none will precipitate 
3S. The solubility of AgCl in a solution of common salt is lower 
than in water. This is due to: 

(a) salt effect (b) lowering of solubility effect 

(c) common ion effect (d) complex formation 
'WL. The solubility producK of AgCl and Agl are 1.1 x 10”'® and 
1.6 X 10"'* respectively. If AgN 03 is added drop by drop to the 
solution containing both chloride and iodide ions, the salt 
precipitated first is: 

(a) Agl (b) AgNOj 

(c) AgCl (d) both Agl and AgCl 

28. Why is pure NaCl precipitated when HCl gas is passed in 
saturated solution of NaCl? i EE V {M P) 19Q.3 j 

(a) Impurities dissolve in HCl 

(b) The value of [Na^] and [Cl"] product becomes smaller 
than of NaCl 

(c) The value of [Na^ ] and [Cl” ] product becomes higher than 

of NaCl 

(d) HCl dissolves in water 

2E8. On passing a current of HCl gas in saturated solution of NaCl, 
the solubility of NaCl: 
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(a) increases (b) decreases 

(c) remains unchanged (d) NaCl decomposes 

30. In a saturated solution of electrolytes, the ionic products of 
their concentration are constant at a particular temperature. 
This constant for an electrolyte is known as: 

(a) ionic product (b) ionisation constant 

(c) dissociation constant (d) solubility product 

31. On addition of ammonium chloride to a solution of NH 4 OH; 

(a) dissociation of NH4OH increases 

(b) concentration of OKT decreases 

(c) concentration of OHT increases 

(d) concentration of both NHj and OHT increases 

32. The solubility product of a salt ^ 42 -® 4 x 10“’. Its solubility 

would be: (IIT 1990) 

(a)4xlO"^M (b) 2 xlO"’M 

(c^ lxlQ~^ M _ fdl IxlQ-^Af _ 

33. ^. If the c oncent ration of CrO^ " ions in a saturat e d solution of 

silver chromate is 2 x 10 “^ solubility product of silver 
chromate will be: [PET (MP) 19921 

(a) 4x10"* (b)8xl0~'^ 

(c) 16x10"*^ (d) 32x10"’^ 

34. 50% neutralisation of a solution of formic acid 
{K^ =2x10"^) with NaOH would result in a solution having 
a hydrogen ion concentration of: 

(a) 2x10"^ (b) 3.7 (c) 2.7 (d) 1.85 

35. The solubility product of BaCl 2 is 4 x 10"’. Its solubility in 
mol L"’ would be: 

(a) 1x10"^ (b)lxlO"’ 

(c)4xl0“^’ (d)lxlO"^’ 

36. Addition of cone. HCl to saturated BaClj solution precipitate 

BaCl 2 because: IBHU (Screening) 2010] 

(a) at constant temperature the product [Ba^* ][Cr f remains 
constant in a saturated solution 

(b) ionic product of [Ba^'^][Cr] remains constant in a 
saturated solution 

(c) of common ion effect 

(d) it follows Le-Chatelier’s principle 

37. How many grams of CaC 204 will dissolve in distilled water to 

make one litre of saturated solution? (K - 2.5 x 10"’ and its 
molecular mass is 128) [PiVIT (MP) 1993| 

(a) 0.0064 g (b) 0.0128 g (c) 0.0032 g (d) 0.0640 g 

38. On the addition of a solution containing CrC^" ions to the 

solution of Ba^^, Sr^'*^ and Ca^'^ ions, the precipitate obtained 
first will be of: [PET (MP) 1993] 

(a) CaCi 04 (b) SrCrO^ 

(c) BaCr 04 (d) a mixture of all the three 

39. Ostwald’s dilution law is applicable in the case of the solution 
of: 

(a) NaCl (b) NaOH (c) H 2 SO 4 (d) CH 3 COOH 

40. What will be the solubility of AgCl in a 0.1 MNaCl solution? 

(K^ AgCl = 1.20 X 10"'®) IPMT (MP) 1 ‘^‘^21 

(a) 0 . 1 M (b) 1 . 2 xl 0 "^M 

(c) 1 . 2 x 10 "’M (d)L 2 xlO"‘®M 
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41. Which of the following metal sulphides has maximum 
solubility in water? 

(a) CdS = 36 X 10"“) (b) FeS {is:,p = 11 x 10"“) 

(c) HgS (K^ = 32 X lO"^'*) (d) ZnS = 11 x 10"^^) 

42. The ionisation constant of acetic acid is 1.8x10'^. The 
concentration at which it will be dissociated to 2%, is: 

(a) IM (b) 0.045 M (c) 0.018 M (d) 0.45 M 

43. The solubility of PbS 04 in 0.01 MNa 2 S 04 solution is: 

for PbS 04 = 1.25x10"’) 

(a) 1.25 X 10"’ mol L"‘ (b) 1.25 x 10"’ mol L"‘ 

(c) 1.25 x 10"'® mol L“’ (d) 1.25 x 10"'* mol L"' 

44. The value of for HgCl 2 is 4 x 10"'^. The concentration of 

Cl" ion in its aqueous solution at saturation point is: 
(a)lxl0"^Af (b)4xlO"'^Af 

-fey-g X -- 

45 . If the solubility of PbBrj is ‘S’ gram mol per litreTcoisidmiig 
80% ionisation, its ionic product is: 

(a) 2S^ (b) 4S’ (c) 4S* (d) 2S'' 

46. Ifthe solubility of M 3 N 2 is‘S’g mol L"', its solubility product 

is: 

, (a) 2S^ ib) BS^ (c) 108S^ ■ (d)-27S-’-- 

47. At 30 ° C, the solubility of Ag 2 C 03 {K^ = 8 x 10"*’ ) would 
be greatest in one litre of: 

(a) 0 . 05 MNa 2 C 03 (b) 0 . 05 MAgN 03 

(c) pure water (d) 0.05 MNH 3 

48. The following equilibrium exists in aqueous solution; 

CH3COOH H ^ + CHjCOO" 

If dilute HCl is added: 

(a) the equilibrium constant will increase 

(b) the equilibrium constant will decrease 

(c) acetate ion concentration will increase 

(d) acetate ion concentration will decrease 

49. According to Arrhenius concept, base is a substance that: 

(a) gives ions in solution 

(b) gives OHT ions in solution 

(c) accepts electrons 

(d) donates electrons- 

50. According to Bronsted-Lowry concept an acid is a substance 
which: 

(a) accepts proton (b) gives an electron pair 

(c) gives proton (d) combines with H 3 O'''ions 

51. According to Lewis concept, a base is a substance which: 

(a) donates an electron pair (b) accepts an electron pair 
(c) produces hydronium ions (d) combines with OH " ions 

52. The strength of the acid depends on the: 

(a) number of hydrogen atoms present in the molecule 

(b) oxygen content 

(c) density 

(d) concentration of hydrogen ions furnished by ionisation 

53. Cl" ion is the conjugate base of: 

(a) HCl (b) HOCl (c) HCIO 3 (d) HCIO4 
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54. Which one of the following is the strongest acid? 

(a) CH 3 COOH (b) CHjClCOOH 

(c) CHQjCOOH (d) CCI 3 COOH 

55. Number ofiC ions present in 250 itiL of lemon juice of pH = 3 

is: [PMT (Kerala) 2008] 

(a) 1.506x 10^^ (b) 1.506x 10“ 

(c) 1.506x 10“ (d) 3.012x10“ 

(e) 2.008x10“ 

[Hiiil:[H-']=10“^ Af 

1 

Number of moles of ions in 250 mL =-x 6.023 x 10“ 

4 

= 1.506x10“] 

56. Conjugate acid of OH“ base is: 

_ (a) Ha (b)H,0 (c)H^ (d)H 30 ^ 

■ Whi c h among the follo wing qua lifies as a Lewis acid?_ 

(a) NaF (b) NaCl (c) BF 3 (d) MgClj 

58. Which of the following will qualify as Lewis base? 

(a) BCI 3 (b) CH 4 (c) CI 2 (d) NH 3 

59. NH^ ion in an aqueous solution will behave as: 

(a) abase (b) an acid 

(c) both acid and Base" (d) neutral 

60. In the dissociation of bicarbonate ion, the conjugate base 
involved is: 

(a) (b) CO 2 (c) H 2 CO 3 (d) CO 

61. Which one of the following is an acidic salt? 

(a) NaHS 04 (b) Na 2 S 04 (c) NajSOj (d) Na 2 S 04 

62. The conjugate acid of NH^ is: 

(a) NHJ (b) NH 3 (c) NH 2 OH (d) N 2 H 4 

63. The correct increasing order of strengths of following acids is; 

(a) H 2 S 04 ,CH 3 C 00 H,H 2 C 03 

(b) CH 3 C 00 H,H 2 S 04 ,H 2 C 03 

(c) H 2 C 03 ,CH 3 C 00 H,H 2 S 04 

(d) CH 3 C 00 H,H 2 C 03 ,H 2 S 04 

64. The decreasing order of strength of following bases is: 

(a) Cr, CHjCOO^, NHj (b) CHjCOO^, NH 3 , CF 
(c) CH 3 COOfyCr,NH 3 (d) NH 3 ,CH 3 COO",CL 

65. Which one of the following does not act as a Bronsted acid? 

(a) NH; (b) HCO; (c) HSO; (d) CH 3 COO' 

66 . Of the given anions, the strongest Bronsted base is; 

(a) CIO' (b) CIO 2 (c) CIO 3 (d) CIO 4 

67. The compound that is not a Lewis acid is: 

(a) BaClj (b) AICI 3 (c) BCI 3 (d) SnCfy 

68 . The dissociation constants of two acids and EA 2 are 
3.0 x 10'“* and 1.8 x 10'^ respectively. The relative strengths 
of the acids will be: 

(a) 1:4 (b) 4:1 (c)l:16 (d) 16:1 

69. In the acid-base relation; 

HCl + CH 3 COOH cr + CH 3 COOHJ, 
the conjugate acid of acetic acid is: 

(a) cr (b) HCl 

(c) CHjCOOHj (d) H 30 ^ 


70. The numerical value of negative power to which 10 meat be 
raised in order to express hydrogen ion concentration, is equal to: 

(a) strength of the solution 

(b) pH of the solution 

(c) degree of hydrolysis 

(d) solubility product of the electrolyte 

71. Which one of the following solutions will have pH close to 

unity ? IIIT 1992; PMT(Kerala) 2008] 

(a) 100 mL of M/10 HCl + 100 mL of M/10 NaOH 

(b) 55 mL of M/10 HCl + 45 mL of M/10 NaOH 

(c) 10 mL of M/10 HCl + 90 mL of M/10 NaOH 

(d) 75 mL of M/5 HCl + 25 mL of M/5 NaOH 

(e) 50 mL of M/5 HCl + 50 mL of M/5 NaOH 
[Hint; 

^mix - -^HCl ^HCl + ^NaOH ^NaOH 



[H-'] = 0.2M 

pH = - log 0.2 = 0.7 = close to unity] 


72. 0.1 M acetic acid solution is titrated against 0.1 M NaOH 
solution. What would be the difference in pH between 1 / 4 and 
3/4 stages of neutralisation of acid? 

(a) 2 log 3/4 (b) 2 log 1/4 (c) log 1/3 (d) 2 log 3 

73. The pK^ of acetylsalicylic acid (aspirin) is 3.5. The pH of 
gastric juice in human stomach is about 2-3 and the pH in the 
small intestine is about 8 . Aspirin will be; 

(a) unionised in the small intestine and in the stomach 

(b) completely ionised in the small intestine and in the 
stomach 

(c) ionised in the stomach and almost unionised in the small 
intestine 

(d) ionised in the small intestine and almost unionised in the 
stomach 

74. When 10"^ mole of a monobasic strong acid is dissolved in one 
litre of solvent, the pH of the solution is: 

(a) 6 (b) 7 

(c) less than 6 (d) more than 7 

75. When pH of a solution is 2, the hydrogen ion concentration in 
mol litre'* is: 

(a) 1 X 10 '*^ (b) 1 X 10 '^ (c) 1 X 10 "’ (d) 1 x lO'"' 

76. ■At 90 °C,purewaterhas[H 30 '^] = 10'*mollitre''. Thevalue 

of at 90°C is: (MLNR 1990) 

(a) 10 -^ (b) 10 '*^ (c) 10 '“* (d) 10 '* 

77. The pH of 1 O'* molar solution of HCl in water is; 

(CPMT 1990; MLNE 1992) 
(a) 8 (b) -8 

(c) between 7 and 8 (d) between 6 and 7 

78. When pH of 0.001 M solution of HCl is: 

(a) 1.0 (b) 3 (c) 4,0 (S) 5.0 

79. The pH of a solution containing 0.1 ANaOH solution is: 

(a) 1 (b) 10"' (c) 13 (d) 10'*^ 

80. When 0.4 g of NaOH is dissolved in one litre of solution, the 
pH of the solution is: 

(a) 12 (b) 2 (c) 6 


(d) 10 
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81. The pH of an aqueous solution of a 0.1 M solution of a weak 
monoprotic acid which is 1 % ionised is; 

(a) 1 (b) 2 (c) 3 (d) 11 

82. The pH of a 0.002 N acetic acid solution if it is 2.3% ionised at 
this dilution is: (log 4.6 = 0.6628) 

(a) 4.3372 (b) 0.4337 (c) 3.4337 (d) 0.6628 

83. 0.1 M HCl and 0.1 M H 2 SO 4 each of volume 2 mL are mixed 
and the volume is made up to 6 mL by adding 2 mL of 0.01 N 
NaCl solution. The pH of the resulting mixture is: 

(a) 1.17 (b) 1.0 

(c) 0.3 (d) log2-log3 

[Hint: Number of millimoles of H'" = 0.1 x 2 + 0.1 x 2 x 2 = 0.6 

Concentration of [H"^ 1 = — = 0.1 M 
6 

pH = -log[H^] 

-- 

,84* Jhe-pH-and.pOH-o£ 0 d-Af-aqueous.solutiorLofHN.O 3 jrej_ 

(a) 0,14 (b) 14,0 (c)13,1 (d) 1,13 

85. The pH of a neutral solution at 50° C is: = 10“'^-^® at 

50° C) 

(a) 7 (b) 6.0 (c) 7.23 (d) 6.63 

86 . The pH of 0.005 molar aqueous solution of sulphuric acid is 
approximately: 

(a) 0.005 (b) 1 (c) 0.1 (d) 2.0 

87. 20 mL of 0.1 Af HCl is mixed with 20 mL of 0.1 KOH 
solution; the pH of the solution wilt be: 

(a) 0 (b) 2 (c) 7 (d) 9 

88 . When the pH changes from 4 to 2, the hydrogen ion 
concentration will increase by a factor: 

(a) 2 (b) 1/2 (c) 10 ^ (d) 10 “^ 

89. 100mLof0.2A/HClisaddedto lOOmLofO.lSA/NaOHand 
the whole volume is made one litre. The pH of the resulting 
solution is: 

(a) 1 (b) 2 (c) 3 (d) 4 

90. 10 mL of 0.1 A/HCl is added to 990 mL solution of NaCl. The 
pH of the resulting solution is; 

(a) zero (b) 3 (c) 7 (d) 10 

91 • Solutions with reserve acidity and alkalinity are called: 

(a) isohydric solutions (b) true solutions 
(c) normal solutions (d) buffer solutions 

92. A solution which is resistant to changes of pH on dilution, or 
addition of small amounts of an acid or a base is known as: 

(a) buffer solution (b) true solution 

(c) isohydric solution (d) ideal solution 

93. Which of the following is a buffer solution? 

(a) CH 3 COOH + CHjCOONa 

(b) NaCl + NaOH 

(c) HCl + NH4CI 

(d) CHjCOOH+HCl 

94. The hydrogen ion concentration of a buffer solution consisting 
of a weak acid and its sodium salt is given by: 

(a) [H^ ] = (b) [H " ] = [Salt] 

[Salt] 

(c) [Iff ] = if , [Acid] (d) [ir ] = A, ^ 
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95. When a buffer solution of CH 3 COOH and CHjCOONa is 
diluted with water: 

(a) CHjCOO" ion concentration increases 

(b) [H*^ ] ion concentration increases 

(c) OH~ ion concentration increases 

(d) H^ ion concentration does not change 

96. In a buffer solution consisting of a weak acid and its salt, the 
ratio of concentration of salt to acid is increased tenfold; then 
the pH of the solution will: 

(a) increase by one (b) increase tenfold 

(c) decrease by one (d) decrease tenfold 

97. Acetic acid and propionic acid have values 1.75 x 10“^ and 
1.3 X 10“^ respectively at a certain temperature. An equimolar 
solution of a mixture of the two acids is partially neutralised 
by NaOH. How is the ratio of the contents of acetate and 


(a) 


a 

l-'75 

|3 


l-a 

1.3 

1 -p 

5 


where, a and P are ionised 


fractions of the acids 

(b) The ratio is unrelated to the values 

(c) The ratio is unrelated to the molarity 

(d) The ratio is unrelated to the pH of the solution 


98. A weak acid of dissociation constant 10“^ is being titrated with 
aqueous NaOH solution. The pH at the point of one-third 
neutralisation of the acid will be: [JEE (WB) 2010] 

(a) 5 +log2-log3 (b) 5-log2 

(c) 5-log3 (d) 5-log6 

[Hint: pif„ =-logl0-* = 5 

pH = pif„ + logi^ 

[acid] 

= 5 + log™ = 5-log2] 


99. Which of the following salts when dissolved in water will 
hydrolyse? 

(a) NaCl (b) KCl (c) NH 4 CI (d) Na 2 S 04 

100. The aqueous solution of AICI 3 is acidic due to; 


(a) cation hydrolysis 

(b) anion hydrolysis 

(c) hydrolysis of both the ions 

(d) dissociation 

101. A certain buffer solution contains equal concentration of X 
andH;(..TheA'j forZ ” is 10“'®. The pH of the buffer is: 


(a) 4 (b) 7 (c) 10 (d) 14 

102. An acidic buffer solution can be prepared by mixing the 
solutions of: 

(a) sodium acetate and acetic acid 

(b) ammonium chloride and ammonium hydroxide 

(c) sulphuric acid and sodium hydroxide 

(d) sodium chloride and sodium hydroxide 

103. The compoimd whose aqueous solution has highest pH, is; 

(a) NaCl (b) NH 4 CI 

(c) CH 3 COONH 4 (d) NajCO, 
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104. The compound whose 0.1 M solution basic, is: 

(a) ammonium chloride (b) ammonium acetate 

(c) ammonium sulphate (d) sodium acetate 

105. Aqueous solution of copper sulphate; 

(a) turns blue litmus red 

(b) turns red litmus blue 

(c) does not affect litmus 

(d) affects both red and blue litmus 

106. When an equivalent of a strong acid is added to one equivalent 
of a weak base, the resulting solution will be: 

(a) neutral (b) acidic 

(c) alkaline (d) coloured 

107. Indicators used in acid-base titrations are: 

(a) strong organic acids 

(b) strong organic bases 

_ (c) weak organic acids or weak organic bases _^_ 

(d) non-elect rolytes_ 


108. For the titration between oxalic acid and sodium hydroxide, 
the indicator used is: 

(a) potassium permanganate (b) phenolphthalein 

(c) litmus (d) methyl orange 

109. Phenolphthalein gives a pink colour in alkaline medium due to 
the fact that; 

(a) it is a coloured compound 

(b) it ionises to give coloured ions 

(c) it is decomposed by alkali 

(d) it forms a complex compound with alkali 

110. Which is the best choice for weak base-strong acid titration ? 

[JEE (Orissa) 2008] 

(a) Methyl red (b) Litmus 

(c) Phenol red (d) Phenolphthalein 

111. Water is: 

(a) abase (b) an acid 

(c) non-electrolyte (d) an amphiprotic molecule 

112. An aqueous solution, whose pH is zero, is: 

(a) alkaline (b) neutral 

(c) acidic (d) amphoteric 

113. 0.1 ^solution ofNajCOj is being titrated with 0.1 AHCl. The 
best indicator to be used is; 

(a) potassium ferricyanide (b) phenolphthalein 
(c) methyl red (d) litmus 

114. In the reaction, AlClj + CL = AICI 4 , AICI 3 can be classified 
as: 

(a) abase (b) an acid 

(c> a salt (d) none of these 

115. Sulphuric acid is a dibasic acid. Hence, it forms: 

(a) acidic salt (b) basic and acidic salt 

(c) acidic and normal salt (d) double salt 

116. The buffer solutions play an important role in; 

(a) increasing the pH value (b) decreasing the pH value 
(c) keeping the pH constant (d) none of these 

117. Which of the following will occur if 1.0 M solution of a weak 
acid is diluted to 0.01 M at constant temperature? 

(AILMS 1993) 

(a) [H ^] will decrease to 0.01 A/ 

(b) pH will decrease by 2 units 


(c) will increase 

(d) Percentage ionisation will increase 

118. Which one of the following indicators works in the pH range 
8 - 9.8? 

(a) Litmus (b) Phenolphthalein 

(c) Methyl red (d) Methyl orange 

119. What is [OH“ ] in the final solution prepared by mixing 20 mL 
of 0.05 MHCl with 30 mL of 0.10 MBa(OH) 2 ? 

iCSSF (PMT) 2009] 
(a) 0 . 12 M (b) 0.10 AT 

(c) 0.40 Af (d) 0.005 AT 

MV 


[Hint: n + = - 

M 1000 


0.05x20 ;„_3 , 

-= 10 mol 

1000 


”oH- 

^ MV ^ 0.1x30 , , 

== 2 x-= 2 x -= 6 x 10 ^m oL 


T000“ 


TODCr 


Remaining moles of OH after neutralization 
= 6 x 10 -'^ - 10 ’’ 


: 5x10 mol 


Cone, of [OH- ] = -9!L- x 1000 = 


5x10 


1-3 


■ X1000 = 0.1 Af] 


V 50 

120. The following reaction is known to occur in the human body; 


CO, +H,0;f=^H,CO, 


If + HCO: 


If CO 2 escapes from the system; 

(a) pH will decrease 

(b) If ion concentration will decrease 

(c) HjCQ, concentration will be unaltered 

(d) the forward reaction will be promoted 

121. The pH of human blood is about: 

(a) 5.2 (b) 6.3 (c) 7.4 (d) 8.3 

122. The dissociation constants of acids EA,MB, HC and HD are 
2.6x 10“^, 5.3x 10”'*, l.lx 10“^ and 7.5x 10“^ respectively. 
The weakest acid amongst these acids is; 

(a) BA (b) HS (c) HC (d) HD 

123. The addition of sodium carbonate in pure water causes; 

(a) an increase in the hydrogen ion concentration 

(b) a decrease in hydroxyl ion concentration 

(c) no change in pH 

(d) an increase in pH 

124. The best indicator for titrating HCl against NH4OH is: 

(a) litmus (b) phenolphthalein 

(c) phenol red (d) methyl orange 

125. A buffer solution is used in; 

(a) preparation of potash alum 

(b) the removal of PO 4 ” ions 

(c) increasing the pH value of a solution 

(d) precipitation of Cr{OH )3 from CrCl 3 

126. A certain weak acid has a dissociation constant of 1.0 x 10'^. 

The equilibrium constant for its reaction with a strong base is; 
(a) 1 . 0 xl 0 "'* (b) l.Ox 10 “’® 

(c)l.OxlO'® (d) 1.0x10“’'’ 

[Hint:H4 + ROH BA + H20.The equilibrium constt. 

= l/K,mdK, = K^/K,] 
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127. Which one of the following statements is correct? 

(a) CHjCOOH is a weak acid 

(b) NH4CI gives an alkaline solution in water 

(c) CH 3 COONa gives an acidic solution in water 

(d) NH4OH is a strong base 

128. In the hydrolytic equilibrium A~ + H 20 -- v""=^ HA + OH“ 

= l.Ox 10~*.The degree ofhydrolysis of 0.001 Msolution 
of the salt is: 

(a) 10“^ (b) lO"^ (c) (d) 10’^ 

129. The pH ofan aqueous solution of 0.1 Msolution ofthe salt of a 
weak base (K/, = 1,0 x 10 “*) and a strong acid is: 

(a) 4.5 (b) 5.0 (c) 5.5 (d) 6.0 

[Hint: First calculate degree of hydrolysis; 


130. The pH of the solution obtained by mixing equal volumes of 
solution of pH = 5 and pH = 3 of the same electrolyte is: 


“Car2U 

rooirro^^Tr* 




“(iTO- 


(b) 4.0 


[Hint: [H"] = 




50.5 X 10“^] 


2 2 

131. pK^ values of four acids are given below at 25 °C. The 

strongest acid is: [PMT (MP) 1990] 

(a) 2.0 (b) 2.5 (c) 3.0 (d) 4.0 

132. TheiQmsation,constantof.NH^Jnwateris.5.6x 10r‘°at25°C. 
The rate constant of the reaction of and OH“ to form 
NH 3 and H 2 O at 25°C is 3.4 x 10‘“ L raoP' s“‘. The rate 
constant for proton transfer from water to NH 3 is: 

■ (a) 6.07 X 10* s"‘ (b) 6.07 x 10“'® s“' 

(c) 6.07X 10 “* s“' (d) 6.07X 10 ‘®s"‘ 

133. The pH of a Soft drink is 3.82. The hydrogen ion concentration 
will be: (givenaantilog 0.18 = 1.5) [PET (MP) 1990] 
(a) 1.96 X 10"^ mol lit“‘ (b) 1.96 x 10"* mol lit“‘ 

(c) 1.5 X 10"“ mol lit"' (d) 1.5 x 10"^ mol lit"' 

134. 100 mL of 0.1 MHCl is mixed with 100 mL Of 0.01 MHCl. 
The pH ofthe resulting solution is: 

(a) 2.0 (b) 1.0 

(c) 1.26 (d) none of these 

135. How many times has a solution of pH 2 higher acidity than a 

solution of pH 6 ? • • 

(a) 10,000 (b) 12 

(c) 400 (d) 4 

136. For a concentrated solution of a weak electrolyte A^Bj, of 
concentration ‘C, the degree of dissociation ‘a’ is given as: 

[PET (Kerala) 2008] 


(a)a = ^/f„,,/C(x+j) (b)a. 


CK 


eq. 


V' 


(c) a = 

(d) a = 

[Hint: 


K 


\/x + y 

_(C^*^“ 



•Keo 

eq. 

Cxy' 


(e)a = 


^xA?^ + yB^- 

C 

0 

0 

C(l-a) 

xCa yCa 




(xCafiyCay 


V (l-a)»l 

1/x -f y 


137. The following equilibrium is established when hydrogen 
chloride is dissolved in acetic acid; 

HCl + CH3COOH Cr + CHjCOOHj 
The set that characterises the conjugate acid-base pairs is; 

(IIT 1992) 

(a) (HCl, CH 3 COOH)and (CH 3 COOHJ, Cl") 

(b) (HCl, HC 3 C 00 I^) and (CH 3 COOH, Cl") 

(c) (CH 3 C 00 H^ , HCl) and (Cl", CH3COOH) 

(d) (HCl, cr ) an5TCH^COOlf7CH^CO(M) 

138. The pH of a 10"'® MNaOH solution is: 

I PMT (i'ttarakhaiid) 2006] 
(a) 10 (b) 7.01 (c) 6.99 (d) 4 

139. Which of the following is strongest Lewis base? 

(a) CH 3 " ,(b) Ag^ (c) NH 3 (d) H 2 _ 

140. If the solubility of lithium sodium hexafluoro aluminate, 
Li 3 Na 3 (AlFg is‘S’ mol L"', its solubility product is equal to: 

(CPMT 1992) 

(a) S* (b) 125* (c) 185* (d) 29165® 


C (1 - a) 
(xCayiyCay 
C 


141. Given that the dissociation constant for water is 

K„ = lx 10"'“ mol* L"*. The pH of a 0.001 molar KOH 
solutionis: (MLNR199I) 

(a) 10"" (b) 10"* (c) 3 (d) 11 

142. Which one of the following solutions will have the highest pH 

' value?. (CPMT 1992) 

(a) 0.01 MNaOH (b) 0.02 MCHjCOONa 

(c) O.lOMNaHCOj (d) O.IOMH 2 SO 4 

143. In the titration of NH4OH with HCl, the indicator whieh- 
cannot be used is: 

(a) phenolphthalein 
■(b) methyl orange 
(c) methyl red 

•. p) both methyl orange and methyl red 

144. pH of the buffer containing 0.6 g of acetic acid and 8.2 g of 
sodium acetate in 1 litre of water is; (pJT^ of acetic acid = 4.5) 

■" (a) 7.5 (b) 4.5 (c) 5.5 (d) 6.5 

145. At 25°C, the dissociation constants of CHjCOOH and NH 4 OH 

in aqueous solution are almost the same. The pH of a solution 
of 0.01 NCH^COOHis 4.0 at 25°C. The pH of 0.01 iVNH 40 H 
solution at the same temperature would be; (LI' l?9(J] 
(a) 3.0 (b) 4,0 

(c) 10.0 (d) 10.5 

[Hint: [H^jinCHjCOOHsoln. = 10"*; 

Similarly [OH" ] in NH 4 OH soln. = 1C"“; 


So, 


[H"] = 


a:,. 


10 


1-14 


[OH“] 10" 


-= 10 "'°] 
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146. The dissociation constant of acetic acid is 1.8 x 10“^ and that 
of ammonium hydroxide is also 1.8 x 10“^ at 25°C. Hence, an 
aqueous solution of ammonium acetate is; 

(a) acidic (b) basic 

(c) neutral (d) slightly acidic 

147. The concentration of OFT ions in neutral solution is: 

(a) 1X 10“*'' g ions/litre (b) 1 x 10*“' g ions/litre 

(c) 1X 10^ g ions/litre (d) 1 x 10“^ g ions/litre 

148. 10”® MNaOH is diluted by 100 times. The pH of diluted base 

is: [PMT (Pb.) 1993] 

(a) between 6 and 7 (b) between 10 and 11 

(c) between 7 and 8 (d) between 5 and 6 

149. Ionic dissociation of acetic acid is represented as: 

CH 3 COOH + H 2 O CH 3 COO” + HjO^ 

According to Lowry and Bronsted, the reaction possesses: 

- [GEE ( Bihar )^ 1992] 

-(a)-an-aGid-and4hree-bases—(b)-two-aGids and-two-bases—— 

(c) an acid and a base ° (d) three acids and a base 

150. The concept of an acid as an acceptor of a pair of electrons was 
introduced by: 

(a) Lowry (b) Bronsted (c) Arrhenius (d) Lewis 

151. The ionic product of water will increase if: 

(a) pressure is decreased (b) H*" ions are added 
(c) OH” ions are added (d) temperature is increased 

152. One litre of a buffer solution containing 0.01 MNH 4 CI and 0.1 
M NH 4 OH having pA^^ of 5 has pH of: 

(a) 10 (b) 9 (c) 4 (d) 6 

153. An aqueous solution of ferric chloride would be: 

(a) acidic (b) neutral (c) basic (d) amphoteric 

154. An acid solution of pH 6 is diluted hundred times. The pH of 
the solution becomes: 

(a) 6 (b) 6.95 (c) 4 (d) 8 

155. The pH of a solution is 5.0. To this solution sufficient acid is 

added to decrease the pH to 2.0. The increase in hydrogen ion 
concentration is: (CPMT 1990) 

(a) 100 times (b) 10 times (c) 1000 times (d) 2.5 times 

156. Conjugate base of is: [PMT (MP) 1991] 

(a) PO^ ^ (b) H 2 PO 4 

(c) H 3 PO 4 (d) H 4 PO 3 

157. The pH of a solution is 2. Its pH is to be changed to 4. Then the 
ff*" ion concentration of original solution has to be: 

(a) halved (b) doubled 

(c) increased 100 times (d) decreased 100 times 

158. The pH value of 0.1 mol/litre HCl is approximately 1. The 
approximate pH value of 0.05 mol/litre H 2 SO 4 is most likely 
to be: 

(a) 0.05 (b) 0.5 

(c) 1 (d) 2 

159. The aqueous solution of a salt is alkaline. This shows that the 

salt is made from: [PMT (MP) 1991 ] 

(a) a weak acid and a weak base 

(b) a weak acid and a strong base 

(c) a strong acid and a strong base 

(d) a strong acid and a weak base 


160. A semi-normal solution of sodium acetate in water has [H^ ]: 

(a) less than 10”^ M (b) greater than 10”^ M 

(c) equal to 10”^ M (d) none of these 

161. The most important buffer in the blood consists of; 

(a) HCl and Cl” (b) H 2 CO 3 and HCOj 

(c) H 2 CO 3 and Cl” (d) HCl and HCOj 

162. The pH of a buffer solution containing 25 mL of 1 M 
CH 3 COONa and 25 mL of 1 MCH 3 COOHwill be appreciably 
affected by 5 mL of: 

(a) lAfCH3COOH (b) 5 MHC 1 

(c) 5MCH3COOH (d) IMNH4OH 

163. 50 mL of 2 A acetic acid mixed with 10 mL of 1 A sodium 
acetate solution will have an approximate pH: 

(a) 7 (b) 6 (c) 5 (d) 4 

164. The solution of which salt in water is acidic? 


- (a) Na 2 B 40 2 (b) NaHCO^ (c) KCl -(dj-TeClj- 

T 657 —Which of-theTollowing-expressionsTs-notfrue?- 

(a) [H^ ] = [OH“ ] = for a neutral solution 

(b) [rf' ] > and [OH” ] < for an acidic solution 

(c) [H'' ] < and [OH“ ] > yjK„ for an alkaline solution 

(d) ] = [OH“ ] = 10”^ M for a neutral solution at __all 


temperatures 

166. Ammonia gas dissolves in water to give NH 4 OH In this 

reaction water acts as: [PMT (MP) 1990] 

(a) an acid (b) a base 

(c) a salt (d) a conjugate base 

167. What is the decreasing order of strength of the bases OH”, 

NHj”, H—C=C” and CH 3 CH 2 ”? (117 1993) 


(a) CH 3 CH 2 ” >NH 2 ” >H— C = C” >0H” 

(b) H— C= C” >CH 3 — CH^” >NH 2 ” >OH” 

(c) OH” >NH 2 ” >H—C=C” >CH 3 CH 2 ” 


(d) NH” >H— C = C” >OH” >CH 3 CH 2 ” 

168. The best explanation for the solubility of MnS in dil. HCl is 

that: (MLNR 1993) 

(a) solubility product of MnCl 2 is less than that of MnS 

(b) concentration of Mn^^ is lowered by the formation of 
complex ions 

(c) concentration of sulphide ions is lowered by oxidation to 
free sulphur 

(d) concentration of sulphide ions is lowered by the formation 
of weak acid H 2 S 

169. The correct order of increasing [H 3 O'''] in the following 

aqueous solution is: ( "v? ' .. i993; AFMC 2009) 

(a) 0.001 M H 2 S < 0.01 M H 2 SO 4 < 0.01 M NaCl < 0.01 M 

NaN 02 

(b) 0.01 M NaCl < 0.01 MNaN 02 < 0.01 M H 2 S <0.01 M 

H 2 SO 4 

(c) 0 . 01 MNaNO 2 < 0.01 M NaCl <0.01 Af H 2 S< 0 . 01 M 

H 2 SO 4 

(d) 0 . 01 MH 2 S< 0 . 01 MNaCl< 0 . 01 MNaN 02 <0.01M 

H 2 SO 4 
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170. Which of the following statements/relationships is not 
correct? 

(a) Upon hydrolysis salt of strong base and weak acid gives a 
solution with pH > 7 


(b) pH = log 


1 

[H"] 


(c) Only at 25° C, the pH of pure water is 7 

(d) The value of at 25°C is 7 

171. Fear and excitement generally cause one to breathe rapidly 

and it results in the decrease of CO 2 concentration in blood. In 
what way will it change the pH of the blood? (IIT 1993) 

(a) pH will decrease (b) pH will increase 

(c) No change (d) pH will adjust to 7 

172. Nucleophiles are; 

(a) Lewis acids (b) Lewis bases 

(tfrBronste"d"acids (dflnone ofThese 

173. Electrophitesrare; “ ”” 

(a) Lewis acids (b) Lewis bases 

(c) Bronsted acids (d) Bronsted bases 

174. Kj^ (hydrolysis constant) of ammonium benzoate can be 
calculated by the formula: 


175. 


176. 


177. 


178. 


(a) 












( 1 ) 


The pH of a neutral water is 6.5. Then the temperature of 
water; [PET (Kerala) 2007] 


(a) is 25°C 

(b) is more than 25°C 

(c) is less than 25°C 

(d) can be more or less than 25°C 

(e) cannot be predicted 

The buffer capacity of buffer containing acid with pK^ = 4.0 
is highest when its pH is equal to; 

(a) 6.0 (b) 5.0 

(c) 4.0 • (d) 3.0 


(AgCl) > (AgBr) > (Agl). This means that; 

(a) AgCl is more ionised than AgBr and Agl 

(b) both AgBr and Agl are less soluble than AgCl 

(c) Agl is most soluble 

(d) AgBr is more soluble than AgCl but less soluble than Agl 
In the hydrolytic equilibrium; 

+H20;F=iSOH+H'" 


if j = 1X 10 The hydrolysis constant is; 

(a) 10 "^ (b) 10 “^^ (c) 10 '^'“ (d) 10 "^ 

179 The solution of a salt of a weak acid and weak base will have 
pH: (ifj = l.Ox 10~* andi:^ = l.Ox 10^) 

(a) 7.0 (b) 8.0 

(c) 6 (d) 4.0 

180. 0.1 iV solution of sodium acetate will have pH: (pif^ = 4.57) 

(a) 8.78 (b) 11.57 

(c) 4.57 (d) 7.0 

181. The following acids have been arranged in the order of 
decreasing acid strength. Identify the correct order: (IIT 1996) 


ClOH (I) BrOH (II) lOH (III) 

(a) I>n>III (b) II>I>III 

(c) III>II>I (d) I>III>II 

182. Which of the following statements is correct? 

(a) pif^ increases with increase of temperature 

(b) pif ^ decreases with increase of temperature 

(c) pif„ = 14 at all temperatures 

(d) pif „ = pH at all temperatures 

183. For a concentrated solution of a weak electrolyte and 
the degree of dissociation is given as: 

(a) a = ^K^^/cix+ y) 

(b) a=^K^^c/{xy) 

(c) a = 

(d) g = Ixyc _ 


484 ^ 


A solution-is-saturated-with^speet-to-SrGOj-and-STFy-The 
[CO 3 "] was fmmd to be 1.2 x 10"° M. The concentration of 
F “ in the solution would be: 


(a) 1.3 x 10"^ M 


(c) 3.7x 10"^ Af 


(b) 2.6 X 10"^ M 
(d) 5.8 X 10 ~’m 
(Given: SrCOj = 7.0 x Af ^ • 

Ji:^(SrF,)=7.9x 10''“Af^) 


185. The solubility of sparingly soluble electrolyte M„ in water 

is given by the expression: 


(a) 5 


(c) ^ 






m a 


{h)S = 


id)S = 




m a 




m a 


l/(m + a) 


l/{m + a) 


1 86. The solubility of mercurous chloride in water will be given as: 


(a) 5 
(c) .5 


■ (^sp/4y 


,1/2 


(b) S 
{i)S={KJA)' 




, 1/3 


187. In the titration of acetic acid versus sodium hydroxide, the pH 
of the solution at equivalence point (when temperature is 
25°C) is: 

(a) about 5.5 (b) about 6.5 

(c) about 7 (d) about 8.5 

188. When KjO is added to water, the solution is basic because it 
contains a significant concentration of: 

(a) (b) OH" 

(c) o'- (d) Of 

189. The blood buffers are most often involved in stabilizing the 
pH in presence of metabolically produced: 

(a) acids (b) b^es 

(c) salts (d) none of these 

190. The colour of CuCr 207 solution in water is green because: 

(a) Cu^'*' ion is green 

(b) Cr 20 ^- ions are green 

(c) both the ions are green 

(d) Cu^'*' ion is blue and GjO'" ion is yellow 





720 


G.R.B. Physical Chemistry For Competitions 


191. An acid with molecular formula CjHgOj forms three types of 
sodium salts, i.e., C 7 H 503 Na, C 7 H 403 Na 2 and C 7 H 303 Na 3 . 
The basicity of the acid is: 

(a) one (b) two (c) three (d) four 

192. If the salts M 2 X ,QY 2 m 6 . PZ^ have the same solubilities, 
their values are related as:, 

(a) K^{M 2 X) = (QY 2 )< {PZ 2 ) 

ib) K^iM2X)>K^iQY2) = K^iPZ,) 

(c) K^iM 2 X) = K^iQY 2 ) = K^{PZ,) 

(d) K^iM 2 X ) > {QY 2 ) > K^iPZ^) 

193. In an experiment to determine the enthalpy of neutralization of 
sodium hydroxide with sulphuric acid, 50 cm^ of 0.4 M 
sodium hydroxide were titrated thermometrically with 0.25 M 
sulphuric acid. Which of the following plots gives the correct 
representation? 



10 30 50 10 30 50 

Vol. OfH2S04 Vol. 0f H2S04 



10 30 50 10 30 50 

Vol. of H2SO4 Vol. of H2SO4 


194. of CuS, AgjS and HgS are 10"^‘, lO"^ and lO-^'' 

respectively. Select the correct order for their solubility in 
water: (CBSE 1997) 

(a) AgjS > HgS > CuS (b) HgS > CuS > AgjS 

(c) HgS>AgjS >CuS (d) AgjS > CuS > HgS 

[Hint: Solubility of Ag 2 S( 4 S^ =J'fsp) for CuS and HgS 

(5'=iC^>] 

195. If the value in the hydrolysis reaction, 

B* + H 2 O BOH + 

is 1.0 X 10”*, then the hydrolysis constant of the salt would be: 

(IITI998) 

(a) l.Ox 10”* (b) l.Ox 10”’ (c) lx 10”* (d) l.Ox 10”’ 

19i). The concentration of [H^ ] and [OH” ] of a 0-1 M aqueous 
solution of 2 % ionised weak acid is: (ionic product of water 
= 1x10”''*) (CBSE 1999) 

(a) 0.2 X 10”* M and 5 X 10“" M 

(b) lx 10”* Mand 3x 10”“ M 

(c) 2 X 10”* M and 5 X 10“'* M 

(d) 3 X 10”’Af and 4 X 10”'* M 

[Hint: [H^ ] = C x a = 0.1 x 0.02 = 2 x 10”* M; 

[OH” ] = --^] 

[HM 

197. The pH value of decinormal solution of NH 4 OH, which is 
20% ionised, is: (Cl • -t * 9^ r 


(a) 13.30 (b) 14.70 (c) 12.30 (d) 12.95 

[Hint; [0ir] = 0.1x0.2 = 2xl0”*; 
pOH = 1.7pH = 14-pOH] 

198. The pH of 0.1M solution of the following salts increases in the 

order of: (!fT !999) 

(a) NaCl < NH 4 CI < NaCN < HCl 

(b) HCr<NH 4 Cl< NaCl < NaCN 

(c) NaCN < NH 4 CI < NaCl < HCl 

(d) HCl < NaCl < NaCN < NH 4 CI 

199. A physician wishes to prepare a buffer solution at pH = 3.58 
that efficiently resists a change in pH yet contains only small 
concentration of buffering agents. Which one of the following 
weak acids together with its sodium salt would be best to use? 

(CBi'jL. 1997) 

(a) m-chlorobenzoic acid {pK^ = 3.98) 

_ (b) p-chlorobenzoic acid (pAT^ = 4.41) _ 

_ (c) 2,5-dihydroxybenyoic acid {pK^ = 2.97) 

(d) Acetoacetic acid (pAl^ = 3.58) 

200. Which one does not give a buffer solution? 

(a) Ammonia and sodium hydroxide in water 

(b) Sodium acetate and acetic acid in water 

(c) Ammonia and ammonium chloride in water 

(d) Sodium acetate and hydrochloric acidin water .. 

201. Conjugate base of [A 1 (H 20)3 (OH )3 ] is: 

(a) [Al(H 20 ) 3 ( 0 H) 2 r (b) [Al(H 20 ) 3 ( 0 H) 20 r 

(c) [A 1 (H 20 ) 3 ( 0 H) 3 ]” (d) [Al(H 20 ) 2 ( 0 H) 4 r 

202. The solubility of calcium phosphate in water is x mol h“' at 

25°C. Its solubility product is equal to: jt'v?995' 
(a) 108x’ (b) 36x* 

(c) 36x* (d) lO&c* 

203. values for silver bromide, silver chloride and silver iodide 

are5x10”'* mol’ dm” *, 2 x 10 ”'° mol’ dm”* and 8 x 10 ” 
mol’ dm” * respectively. The order of solubility of these silver 
salts is: 7 L 7 ' 

(a)AgCl> AgBr> Agl (b) Agl> AgBr> AgCl 

(c) AgCl > Agl > AgBr (d) Agl > AgCl > AgBr 

204. In the reaction, 

i2 + r—>15 

the Lewis base is: (h i ; ! >(?' ; 

(a) I2 (b) I” 

(c) I 3 ” (d), none of these 

205. Which of the following on reaction with H 2 S does not produce 

metallic sulphide? 7 

(a) CdCl 2 (b) ZnClj (c) CoClj (d) CUCI 2 - 

206. A buffer solution of pH = 9 can be prepared by mixing: 

(a) CH 3 COONa and CH 3 COOH 

(b) NaCl and NaOH 

(c) NH 4 ClandNH 40 H 

(d) KH 2 P 04 andK 2 HP 04 

207. Which of the following is the strongest Lewis base? 

iPMT(7vPy 

(b) NH5 (c) OH” ‘ (d) F” 


(a) ch; 
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208. The monobasic acid among the following is; (iSAT 2010) 

(a) H 3 PO 3 (b) H 2 S 2 O 7 

(c) H 3 PO 2 (d) H 4 P 2 O 7 

209. To Ag 2 Cr 04 solution over its own precipitate, CrO^" ions are 

added. This results in: [MEE (Kerala) 2000] 

(a) increase in Ag"^ concentration 

(b) , decrease in Ag"^ concentration 

(c) increase in solubility product 

(d) shifting of Ag^ ions firom the precipitate into the solution 

210. Aluminium chloride is: (KCET 2000) 

(a) Bronsted Lowry acid (b) Arrhenius acid 

(c) Lewis acid (d) Lewis base 

211. A 50 mL solution of pH = 1 is mixed with a 50 mL solution of 
pH = 2. The pH of the mixture will be nearly; 

[IAS (Prelim.) 1995] 

.(al a76 Tb)~^26 (c)~ L7 6" 

212. The[Ag'^]in a saturated solution of Ag 2 Cr 04 is L5x KT^^MT 
■ ! What is the solubility product of Ag 2 Cr 04 ? (SCRA20fl9) 


(a) 3.375xl0’‘^M^ 
(c) l6875xl0""M^ 
[Hint: Ag 2 Ci 04 


(b) L6875xlO'*®M^ 
(d) L6875xlO^'^M^ 
• 2Ag^ + CrOj 


[Ag+] = L5xlO“^M [CrOj‘^] = 0.75xlO^M 
A^=[Ag^f[CrOt-] 

= [l5xl0-‘‘f[0.75xl0“^] 

: . =16875 xl0‘‘^Af^] 

213. The pH of a buffer containing equal molar concentrations of a 
weak base and its chloride (Kf, for weak base = 2 x 10 "^, 
log 2 = 0.3) is: 

(a) 5 (b) 9 (c) 4.7 (d) 9.3 

214. The solubility product (Jt^) of AgCl is 1.8 xlO"'®. 
Precipitation of AgCl will occur only when equal volumes of 
solutions of: ^ ' [IAS (Prelim.) 1997-, PET (MP) 2007] 

(a) 10 ^'* MAg'^ andlO^ M Cr memixed , 

(b) 10"”^ M Ag'*'and 10'’MCr are mixed 

(c) 10'^ M Ag* and 10“^ MCI" are mixed 

(d) 10'‘° M Ag'^ and 10'*® MCL are mixed 

215. Solid Ba(N 03 )2 is gradually dissolved in a 1 x 10'‘'M Na 2 C 03 

solution. At what concentration of Ba’*^ will a precipitate 
begin to form ? (K^ for BaC 03 = 5.1 x 10“^) (AIEEE 2009) 
(a) 4.1 X 10'^ M (b)5.1xl0'^M 

(c) 8.1 X 10’* M (d) 8,1x10’’ M 

216. How many gram of CaC 204 will dissolve in distilled water to 
make one litre of unsaturated solution of it? (K^ for 


Caq 04 =2.5x lO'^mol’ lit’’) 


■■■ [PMT (MF> ;■ 


(a) 0.0064g (b) 0.1028g (c) 0.1280g (d) 0.2056g 

217. When COj dissolves in water, the follbwihg equilibrium is 
established, 

CO 2 + 2 H 2 O H30'^ + HCO 3 
for which the equilibrium,constant is 3.8 x 10’’ and pH = 6.0. 
The ratio of [HCO 3 ] to [C5y would be: 

(a) 3.8xl0'**(b) 3.8xl0'*(c) 6.0 (d) 13.4 


218; . pHtoCa buffer solution decreases by 0.02 units when 0.12 g of 
acetic acid is added to 250 mL of a buffer solution of acetic 
acid and potassium acetate at 27°C. The buffer capacity of the 
solutionis: , (EAMGET2009) 

(a) 0.1 (b) 10 (c) 1 (d) 0.4 

219. The dissociation constants of monobasic acids A,B,C and D 
arehx.lQ’s,-5x 10'^, 3.6X 10“® and 7x10'*® respectively. 
The pH values of their 0.1 molar aqueous solutions are in the 
order: 

{d) A<B <C<D {h) A>B>C>D 

,..(c)^ 4 = B,=P:r D {d) A>B<C>D 

220. ll' the equilibrium constant of the reaction of weak acid EA 
with strong base is lO’, then pH in 0.1 A/Na4 is: 

(a) 5 (b) 9 (c) 7 (d) 8 

221. If the freezing point of 0.1 molal HA {aq .) is - 0.2046°C, then 
pH of the solution is: [K f (HjO) = 1. 86 ° mol’* kg] 

-(aH--—--(6^4:3---(d)-4.7- 

222. %4onisatioH-0Tweak-aeid ean-be-ealeulated as:- 


(a) 100 Es- (b) ^—_ 

(c) both correct ' (d) none is correct 

223. Assuming completeionisation which will have maximum pH? 

(a) 0.01 MNH 4 CI..(b) 0 ‘. 0 rM'(NH 4 ) 2 SO 4 

, : (e) Q. 01 M;PH 4 ) 3 sP 4 (d) equal 

224. HjO + H 3 PO 4 HjO'* + H 2 PO 4 ; pKi =2.15 

H 2 O + HjPOi HjO'* + HPO^; p^2 = 7.20 

Hence, pH of 0.01 MNaH 2 P 04 is: 

^ „. (a),,.9.35 , (b) 4.675 (c) 2.675 , (d) 7.350 

f OCOCH 3 1 



COOH called aspirin is a 


225. Acetyl salicylic acid. 


. ;pain;killer’■jvitbipA'^ = 2. If two tablets each of 0.09 g mass, 
containing aspirin are dissolved in 100 mL-solution. Its pH-. 
willbe:^ , - 

(a) 0.5 (b) 1.0 

(c) 0.0 (d) 2.0 

226. If ioiiic product of water is K„ = 10"*® at 4°C, then a solution 
with pH = 7.5 at 4°C will: 

(a) turn blue litmus red (b) turn red litmus blue 
(c) turnvturmeric paper browm (d) be neutral to litmus 

227. ' 'liq^ db.we differentiate between Fe’'*' and in group III? 

■ - ■ <AtLEE2002) 

(a) By taking excess of NH 4 OH 

(b) By increasing NHlJ ion concentration 

(c) By decreasing OHT ion concentration 

(d) Both (b) and (c) 


228. Which has the highest pH? 
(a) CH 3 COOK 

-:(cXLJH4qi:' 

229. Waterisa:, 

(a) protophobic solvent 
(c) amphiprotic solvent 


[CBSE (PMT) 2002] 
(b) NajCOj ... 

(d) NaNOj , 

(KCET 2002) 
(b) protophilic solvent ] , 

(d) aprMc, solvent 
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230. 1 MNaCl and 1M HCl are present in an aqueous solution. The 

solutionis: (AIEEE 2002) 

(a) not a buffer solution with pH < 7 

(b) not a buffer solution with pH > 7 

(c) a buffer solution with pH < 7 

(d) a buffer solution with pH = 7 

231. Solution of 0.1 M NH 4 OH and 0.1 M NH 4 CI has pH 9.25. 

Then p.^:* of NH 4 OH is: [CBSE (PMT) 2002] 

(a) 9.25 (b) 4.75 

(c) 3.75 (d) 8.25 

232. Solubility of an MX 2 type electrolyte is 0.5 x 10"^ mol/litre, 

then of electrolyte is: [CBSE (PMT) 2002] 

(a) 5x10-'^ (b) 25x10^'® 

'■'(c) 1 X 10 “*^ (d)5xl0“^^ 


[OH‘]=10^^M 

.-. [H^ ] = 10“^ M and pH = - log [10"’] = 9] 

240. The correct expression for the solubility product of 

Ca 3 (P 04 ) 2 is: [JEE (Orissa) 20051 

(a) 1085^ (b)275^ (b)16S‘‘ {d) 8 LS'‘* 

241. The solubility product of a salt, having the general formula 

MT 2 ,in water is 4 x 10"*^. The concentration ofM ions in 
the aqueous solution of the salt is: (AIEEE 2005) 

(a)2xlO^®M (b)lxlO-^M 

(c)1.6xlO"^M (d)4xlO-’®jW 

[Hint: It is ternary electrolyte. 

^sp=45' 

4 X10'“ = 4 S^ 


233. The. concentration of KI and KCl in a certain solution 
containing both is 0.001 M each. If 20 mL of this solution is 

_ a dded t o- 20 mL of a s aturated -s o l ution of Agl in watc r- W hat- 

^ will hap pen?___-^— - 

{K^ A^l = 10''®; AgJ = 10''®) ' (PET (MP) 2004] 

(a) Agl will be precipitated 

(b) AgCl will be precipitated 

(c) There will be no precipitate 

(d) Both AgCl and Agl will be precipitated 

234. Degree of dissociation of NH 4 OH in water is 1.8 x 10'^, then 
hydrolysis constant of NH 4 OH is: ]CECE (Bihar) Pre. 2004] 

(a) 1 . 8 x 10 '^ (b) 1 . 8 x 10 “'® 

(c) 5.55 X 10'^ (d) 5.55 x 10''® 

235. What is the pH of 0.01 M glycine solution? For glycine 

= 4.5 X = 1,7 x 10”'® at 298 K; (AIIMS 2004) 

(a) 3.02 (b) 6.94 (c) 7.06 (d) 10.02 

236. The rapid change of pH near the stoichiometric point of an 

acid base titration is the basis of indicator detection. pH of the 
solution is related to the ratio of the concentrations of the 
conjugate acid HIn and base In' forms of the indicator by the 
expression: [CBSE (PMT) 2004] 

(a) log = p^i„ - pH (b) log M = p/:,„ - pH 
[HIn]..,__^ [In] 

(c) log S5^ = pH-pii:,„ (d) log = pH - p^i„ 

[In ] [HIn] 

237. A weak acid H3f has the dissociation constant 1 x 10“^ M. It 

forms a salt NaAT on reaction with alkali. The. degree of 
hydrolysis of 0.1 M solution of NaA" is: [IIT (8)2004] 

(a) 0.0001% (b) 0.01% (c) 0.1% (d) 0.15% 

238. The molar solubility (in mol litre'') of a sparingly soluble salt 

MX^ is S. The corresponding solubility product is given 
by the relation: (AIEEE 2004) 

(a) S = (i:^/128)'''' (b) S = (218i5:^)''^ 

(c) S = (256 j'^ (d) S = (A:^/256)'". 

239. The of Mg(OH )2 is lx 10"'l 0.01 M Mg(OH )2 will 

jirecipitate at the limiting pH: (DPMT2005) 

(a) 3 (b) 9 (c)5 (d) 8 

[Hint: [Mg^'^ ][OH']^ = 10“'^ 

0.01x[OH']^ = lp''^ 


S =10"‘M 


(M^+) = 10 '^M] __ 

242. The ionization constant of ammonium hydr oxide i s I77x 10'^ 
ht 298 KTHydrolysis constant of ammonium chloride is: 

[CBSE (PMT) 2009] 

(a)5.65x 10''2 (b) 5.65x10“'® 

(c) 6.50x10“'^ (d) 5.65x10"'^ 


[Hint: A:a = ^ = 


10 ' 


Kh 177x10' 
= 5.65x10“'®] 


243. The values of formic acid and acetic acid are respectively 

1.77 X 10''' and 1.75 x 10'^. The ratio of the acid strength of 
0.1 M acid is: [PMT (Kerala) 2005] 

(a) 10 (b) 3.178 (c)0.3 (d)0.1 

(e)lOO 

244. Equal volumes of the following Ca^"^ and F ' solutions are 
mixed. In which solution will the precipitation occur? 


of CaF 2 = 1.7x10"'® 

1.10“'' MCa^'" + 10";MF ' 2.10'^ MOd}^ + 10'^ MF ' 

3.10“'' MCa?^(:V lO'^.MF' 4.10'^ AfCa^'-^ + 10“^ MF' . 
Select the correct answer using the codes given below: 

[PMT (Kerala) 2005] 
(a) in 4 only (b) in 1 and 2 (c) in 3 and 4 (d) in 2, 3 and 4 

(e) in all of these 

245. Given, pH of a solution A is 3 and it is mixed with another 

solution B having pH 2. If both are .mixed, then the resultant 
pH of the solution will be: [BHU (Pre.) 2005] 

(a) 3.2 (b) 1.9 (c)3.4 (d) 3.5 

246. When 10 mL of 0-1 M acetic acid (pAT^ = 5)is titrated against 

10 mL of 0.1 M ammonia solution (pATj = 5), the equivalent 
point will occur at pH: (AllMS 2005) 

(a) 5 (b )6 (c)7 (d)9 

247. On adding 0.1 M solution each of Ag ^, Ba^''' and in an 
Na,S 04 solution, the species first precipitated is: 

(DCE 2005) 


(K^ BaS 04 = 10'", C&SO, = 10'®, ^2^0^ = 10'^) 

(a)Ag 2 S 04 (b)BaS 04 

(c) CaS04 (d) all of these 
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248. When 0.1 mole of CH 3 NH 2 (ionization constant, 
Kj^ = 5x1 0"^) is mixed with 0.08 mole HCl and the volume is 
made up to 1 litre, find the [H^ ] of resulting solution: 

(IIT 2005) 

(a) 8 x 10 “^ (b) 2 xl 0 “" 

(c) 1.23 X 10“'^ (d)8xl0"’‘ 


[Hint: 

t = 0 
tsq. 

K„ 


EA ^ 

^ H^ + A~ 


C 

0 0 


C-Ca 

Ca Ca 


_[H'']['4“]_ CW 


[HA] 

C - Ca 



[Hint: CH 3 NH 2 + HCl — 

0.1 mol 0.08 mol 
0.02 mol 0 

[Salt] 
[Base] 


pOH = pKf, + log 


-^CH3NH3Cr 

0 

0.08 


0.08 


■ Ca" 

1 - a 


■■Caf- 


a =, 


10 " 


= 10 " 


"2497 




= - log 5 X 10"^ + log = 3.903 

0.02 

pH = 10.0967 

[H-^ ] = antilog [-10.0967] = 8 x 10"“ ] 

-ilie^eoneenn=ation of^hydroxyl ions^n—GrOl M^queous— 

solution ofthe base would be: [CBSE-PMT (Pre.) 20051 

(a) 10"^ mol L:' (b) 10"^ mol L“' 

(c) 2 X 10"® mol L"' (d) 10"!mol L"' 

[Hitit; [OH " ] = 3 /^ = 3 / 0 . 01 x 10 "*^ = 10"’ .mol L"' ] 

250. Which of the following solutions has pH equal to 10? 

[UGET (Manipal) 20061 
^(a)10"^M K6H..„, ' '(b) iO"'® M KOH 

(c) 10"‘° M HCl' , (d) I'O"^ M HQ 

251. A weak monobasic acid is half neutthlised by a strong base. If 

the pH of the solution is 5.47its‘pA'a is: IJEE (Orissa) 2006J 
(a) 6.8 (b) 2.7 *r5(c) 5.4 (d) 10.8 

[Hint; [Acid] = [Salt] 

rr , [Salt] 

pH = pA:^ + log-— 

[Acid] 

5.4 = pX^ + logjo 1 
••• P^„=5.4] 

252. ZnS is not precipitated by passing H 2 S in acidic medium but 
CuS precipitated. The reason for it is: [JEE (Orissa) 2006] 

(a) CuS « ZnS (b) CuS » ZnS 

(c) CuS = ZnS (d) none of these 

253. Solubility product of salt AB is 1 x 10“® M’ in a solution, in 
which the concentration of ions is 10"^ M. The salt will 
precipitate when the concentration of 5." ions is kept: 

(KCET2006) 

(a) between 10"* M to 10"’ M (b) between 10"’ M to 10“* M 
(c)> 10 "®A/ (d)< 10 "®M 


I c V 0.1 

% ionisation = a X 100 = 1] 

256. At 25° C, the value of pK/,(K/, being the dissociation constant 
as a base) for NH 3 in aqueous solution is 4.7. What is the pH 
of 0.1 M aqueous solution of NH 4 CI with 0.01 M NH 3 
(approximately)? (SCRA 2007) 

-( a) 8 .3 -(b>-9--(e)-^ 


-(4)40- 


[Hiat: 


pOTT^r+l^io 

= 4.7 + log 


4NH4CI]- 


[NH 4 OH] 

0.1 ' 


= 5.7 


. 0 . 01 . 
pH = 14-^5.7 = 8.3] 

257*. The ionisation of strong electrolytes in acetic acid compare d to 
that in water is: tCET(J4kK) 2007] 

(a) weak, low (b) strong, more 

(c) medium, the same (d) no ionisation, 100 % 

258. By adding a little of acid or base, the change in pH of blood is 

not significant, because blood: [PET (Raj.) 2006] 

(a) has iron as a part of molecule 

(b) is a body fluid 

(c) has serum protein which works as buffer 

(d) is easily coagulated 

259. 2.5 mL of 2/5 M weak monoacidic base (Kf, = 1 x 10"” at 
25°C) is titrated with 2/15 M HCl in water at 25°C. The 
concentration of rf’ ion at equivalence point is: 

(IIT 2008) 


{K 

(a) 3.7 X 10' 


lx 10"“'at25°C) 




(c)3.2x 10"’M 
[Hint: 1 BOH+ IHCl 

Mh 

1 


(b)3.2xlO"'M 
(d)2.7x 10 "’M 


.BC1+ H 2 O 
(Base) = (Acid) 


- X 2.5 = — X K, 
5 15 ■ 

K2 = 7.5mL 
Total volume = 7.5 + 2.5 = 10 mL 
Concentration of salt in the mixture : 


254. NaOH(a 9 .), HC^a^.) and NaCl(a 9 .) have concentration of 
10"® M each. Their pH will be respectively: 

]PMT (Uttarakhand) 2006] 
(a) 10,6,2 (b)ll,3,7 

(c)10,3,7 (d)10,4,7 

255. The weak acid, H.4, has a ofl.OOx 10“®.If0.1 molofthis 

acid is dissolved in one litre of water, the percentage of acid 
dissociated at equilibrium is closest to: [CBSE (Med.) 2007] 
(a) 1% (b) 99.9% 

(c) 0.1% (d)99% 


MiKi (Base) =M 2 K 2 (Salt) 

-x2.5 = M2x10 
M 2 = 0.1 

pH = i[p^:„-p^:,-iogC] 

= I[14_12-(-i)]=i.5 
[H"" ] = Antilog (- 1.5) = 0.032 M] 
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260. Solubility product constants ) of salts of types 
MX,MX 2 ,MiX at temperature F are 4 x 10" ^ 3,2 x 10" 
and 2.7 x 10“ respectively. Solubility (mol dm" of the 
salts at temperature T are in the order: (IIT 2008) 

(a) MX > MX 2 > MjZ (b) M^X > MX 2 > MX 
(c) MX 2 > M^X > MX (d) MX > M^X > MX 2 


[Hint: 

Solubility (S,) of MZ = ^ =l>iW^M 

Solubility {Sj) of 

1 .1 

^ ( 3.2 x 10"'^ 

4 J I 4 

Solubility ( 53 ) of 



^2.7x10-"'' 

1 

27 J 

1 27 J 


.‘rSyy^'Sj > 52T" " • ' 

16 l 7 ~iria(ineous^solution 7 theiip 1 iizatiorc 6 ns®its“fbfcafbonic acid^ 
are: 

Z, = 4.2x 10"’andZj = 4,8x 10"" 

Select the correct statement for a saturated 0.034 M solution of 
the carbonic acid : - (AIEEE 2010) 

(a) Tiid’^^bn'cgiificatibhs of H? and HGO 3 are approximately 

. ■ 

(b) The concentration of iP is double that of CO 3 " 

(c) Concentration of CO 3 " is 0.034 M 

, .o-. (d) Tlie concentration of CO^" is greater than that of HCO 3 


^2x10"’M 



Set-2: The Questions given below may have more 
than one correct answers 

1 . For dissociation constant (K ) and ionic product (K^) of 
water which is correct? 

(a) K>K„ {h) K„> K 

(c) K^= K (d) None of these 

2 . Which is an example of auto protolysis? 

(a) HjO + H 2 O + OH" 

(b) NH 3 + NH 3 NH 4 + NIC 

(c) H,S 04 + H 2 SO 4 H 3 S 0 f + HSO4 

(d) All of the above 

3 . If concentrations of two acids are same, their relative strengths 
can be compared by: 

(a) aj/aj (b) K^/Kj 

(c)[r],/[ir ]2 id) ^K:/k2 

4 . Three bases ZDH, FOH and ZOH have pZj values 2, 3 and 4 
respectively; the strongest conjugate acid is: 

(a) ZOHj (b) FOlC 

(c) ZOHJ (d) all are same 

5 . Aqueous solution of HNOj.KOH, CH 3 COOH and 
CH 3 COONa of identical concentrations are provided. The 
pair(s) of solutions which form a buffer upon mixing is (are): 

(IIT 2010) 

(a) HNO 3 and CH 3 COOH 

(b) KOHandCH 3 COONa 


(c) HNO 3 and CHjCOONa , 

(d) CH 3 COOH and CHjCOONa 

6 . Four solutions of NH 4 CI are taken with concentrations 1 M, 

,0.01 M and 0.001 M. Their degree of hydrolysis are 
' ^ 1 , ^ 2,^3 and/! 4 . What is the graduation of degree of 
hydrolysis? 

(a) /ii > > ^3 > ^4 (b) h, = /»2 = ^3 = ^4 

(c) A 4 > /13 > > hj (d) None of these 

7. Which has maximum solubility AB, AB 2 , AB^ and AB^ if 
for all the salts are 10 “’° ? 

(a) AB (b) AB 2 (c) ZSj (d) AB^ 

8 . Dissociation of an indicator can be considered as, 

HIn + In- 

Colours of HIn and In" are different. Which statement is 
correct? 

(a) Solution assumes colours of HIn when pH = , 

-(b) SohitimT^sumra^lours oTIn" when pH =7x^1 

. f/(c) Solution assumes colours of HIn" when pH = ^, 

(d) Solution assumes colours of In" when pH = P^ _ i 

9. The % error in [iC ] made by neglecting the ionisation of 
water in 10"* MNaOH is: 

(a). 1 %- ih) 2 %.(e) 3%-(d) '4%- ■— 

10. ,50 roL.iy/.lO NaOH solution is mixed with 50 mL 7V/20 HCl 
solution. The resulting solution will: 

(a) turn phenolphthalein solution pink 

(b) turn blue litmus red 

(c) turn methyl orange red . 

"(d) [Iff ] < [OH“ ] 

11. An acid indicator HIn has = 3 x 10“^ the acid form is red 
and basic form is blue. Which is correct? 

(a) pH = 5 when indicator is 75% red 

(b) pH = 4 .O 5 when indicator is 75% red 
, .(c) pH = 5 when indicator is 75% blue 

(d) : pH = 4.05 when indicator is 75% blue 

12. ' Which of the following will function as buffer? 

[IAS (Pre.) 1997] 

(a) NaCl + NaOH (b) Borax + boric acid 

(c) NaH 2 P 04 + NaHP 04 (d) NH 4 CI + NH 4 OH 

13. Choose the correct statement(s); 

(a) pH of an acidic buffer increases if more salt is added. 

‘pH of a basic buffer decreases if more salt is added. 

(c) In a saturated solution, ionic product is equal to its 
solubility product. 

(d) The term solubility product is only for sparingly soluble 
salts. 

14. In the following reaction, 

[CuCHjOjjfOH)]^ + [AKHjO)^]’^->[Cu(H 20 ) 4 ]’"^ 

(A) ^ (B) <0 

+ [Al(H20)5(OH)]’+ : 

(a) (A) is an acid and (B) is a base 

(b) (.4) is a base and (B) is an acid 
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(c) (C) is the conjugate acid of (Jl) aniJ 0) is the conjugate * 
base of (5) 

(d) (Q is the conjugate base of (A.) and (D) is the conjugate 
acid of (S) 

15. Which among the following will not react with NaOH or 
which is not acid salt? 

(a) NaHjPO, (b) NajHPOjjc) Na 2 HP 02 (d) NaHCOj 
Direction: In the following three questions, more than one of 
the answers given may be correct. Select the correct answers 
and mark it according to the codes. jBHU (Med.) 20*37] 
Codes: 

(a) 1,2 and 3 are correct (b) 1 and 2 are correct 

(c) 2 and 4 are correct (d) 1 and 3 are correct 

16. If equal volumes of 0.1 M HBr and 0.1 M KOH are mixed, 
then w'hich of the following is/are correct about the resulting 

-solution?- 


17. 


18 . 


( 1 ) [HjO-"] = 1 . 0 x 10 -’mol L*' 


(2) [OH-1 = 1.0x10-’ molL ' 

(3) [K-" 1 = 0.05 mol L-’ 

(4) [Br-] = 0.10 molL-‘ 

Which of the following solutions will be acidic? 
(l) 0 . 1 MFeSO 4 (2) O.lAf (NH 4 ) 2 S 04 . 

(3) 0.1 M CHjCOONa (4) 0.1 M NH 4 OH 
In a buffer solution consisting NaH 2 P 04 and Na 2 HP 04 : 


( 1 ) NaH 2 P 04 is acid andNa 2 HP 04 is salt 

(2) The pH of solution can be calculated using the relation : 


pH = plfj + logic 


[HPO’-l 

[ikPqa 


^3) TheiNa 2 HE 04 is acidandJslaH 2 B 04 -is-salL 
(4) The pH can not be calculated 
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Assertion-Reason TYPE QUESTIONS 


The questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four responses: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) If both (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct, but (R) is incorrect. 

(d) If both (A) and (R) are incorrect. 

1. (A) A very dilute acidic solution of Cd^^ and Ni^^ gives 

yellow precipitate of GdS on passing hydrogen sulphide. 
(R) Solubility product of CdS is more than that of NiS. 

2. (A) In the titration of Na^COj with HCl using methyl orange 

indicator, the volume of the ac id required at the 
equivalence point is twice that of the acid required using 
phenolphthalein as indicator. 

(R)Two moles of HCl are required for the complete 
neutralisation of one mole of Na 2 C 03 . (IIT 1991) 

3. (A) The pH of an aqueous solution of acetic acid remains 

unchanged on the addition of sodium acetate. 

(R) The ionisation of acetic acid is suppressed by the addition 
of sodium acetate. , 

4. (A) In acidic mediuin, is not precipitated by S^“ ioAs, 

(R) Common ion effect reduces the concentration of S^" ions 

to the minimum level. 

5. (A) In the acid-base titration involving a strong base and a 

weak acid, methyl orange can be used as an indicator. 

(R) Methyl orange changes its colour in pH range 3 to 5., 

6 . (A) A mixture of sodium acetate and sodium propionate forms 

a buffer solution. 

(R) A buffer solution reacts with small quantities of hydrogen 
or hydroxyl ions and keeps the pH almost same. 

7. (A) When small amount of an acid or base is added to pure 

water its pH undergoes a change. 

(R) Addition of an aeid or a base increases the degree of 
ionisation of water. 

8 . (A) At 25°C, the pH of 1 M HCl is 8. 

(R) pH of acidie solution is always below 7 at 25° C 

9. (A) The addition of silver ions to a mixture of aqueous sodium 

chloride and sodium bromide solution, will first 
precipitate AgBr rather than AgCl. 
(R)Thevalueof.S:3pOfAgCl<^3pOfAgBr. (ARMS 2004) 

10. (A) Sb (III) is not precipitated as sulphide when in its alkaline 
solution H 2 S is passed. 

(R) Concentration of S^“ ions in alkaline medium is 
inadequate for precipitation. (AIIMS 2004) 


11. (A) Sb 2 S 3 is not soluble in yellow ammonium sulphide. 

(R) The common ion effect due to S^“ ions reduces the 
solubility of Sb 2 S 3 . (AlIMS 2006) 

12. (A) H2SO4 acts as a base in presence of HCIO4. 

(R) Perchloric acid is stronger acid than H 2 SO 4 . 

13. (A) pH of a neutral solution is always 7. 

(R) pH of a solution does not depend upon temperature. 

14. (A) pH of 1 M HCl is not equal to 8 . 

(R) HCl does not dissociate properly in very dilute solution. 

15. (A) If a solution with pH = 2 is diluted to double the volume, 

the pH of the solution will fall to 1. 

(R) pH is inversely proportional to the volume of the solution. 

16. (A) If HCl gas is passed through saturated NaCl solution, solid 

NatJl starts separating ouL 
(R)TlCrdecfeases the solubilTty product ofNaCL 

17. (A) pH of a buffer changes with temperature. 

(R) Ionic product of water ) changes with temperature. 

18. (A)i 2 + r— > 1 ; 

In above reaction, I 2 is Lewis base. 

(R) Electron pair acceptor.is Lewis base. 

19. (A) Phenolphthalein is used as indicator during the titration of 

oxalic acid against sodium hydroxide. 

(R) The pH range of phenolphthalein is from 8 to 9.6. 

20. (A) If is less than ip, the precipitate is formed. 

(R) Solubility product (A^sp) is the highest limit of ionic 
product of electrolyte solutions. 

21. (A) H 3 PO 3 is a dibasic acid. 

(R) There are two hydrogen atoms directly attached to 
phosphorus. (AIIMS 2007) 

22. (A) NaCl is precipitated when HCl gas is passed in a saturated 

solution of NaCl. 

(R) HCl is a strong acid. (AIIMS 2007) 

23. (A) On mixing 500 mL of 10”® M Ca^"^ ion and 500 mL of 

10”® A/F” ion, the precipitate of CaF 2 will be obtained. 
A: 3 p(CaF 2 )= 10 ”". 

(R) If ATjp is greater than ionic product, precipitate will be 
obtained. (AIIMS 2007) 

24. (A) The aqueous solution of CH 3 COONa is alkaline in nature. 
(R) Acetate ion undergoes an ionic hydrolysis. 

(EAMCET 2008) 

25. (A) An aqueous solution of ammonium aeetate can act as a 

buffer. 

(R) Acetic acid is a weak acid and NH4OH is a weak base. 

(EAMCET 2010) 

26. (A) [ A 1 (H 20)6 is a stronger acid tlian [Mg(H 20 )g . 

(R)Size of [A 1 (H 20 ) 6 ]^^ smaller than [Mg(H 20 )g]^^ and 

possesses more effective nuelear charge. (AIIMS 2010) 
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AljECflVe QUESTtO^S- 






® Set-1 








1. (c) 

2. (b) 

3. (a) 

4. (d) 

5. (d) 

6. (c) 

7. (a) 

8. (c) 

9. (c) 

10. (d) 

11. (a) 

12. (b) 

13. (b) 

14. (b) 

15. (d) 

16. (b) 

17. (c) 

18. (a) 

19. (d) 

20. (a) 

21. (a) 

22. (d) 

23. (c) 

24. (a) 

25. (c) 

26. -(c) 

27. (a) 

28. (c) 

29. (b) 

30. (d) 

31. (b) 

32. (d) 

33. (d) 

34. (c) 

35. (a) 

36. (c) 

37. (a) 

38. (c) 

39. (d) 

40. (c) 

41. (b) 

42. (b) 

43. (a) 

44. (d) ■ 

45. (a) 

46. (c) 

47. (d) 

48. (d) 

49. (b) 

50. (c) 

51. (a) 

52. (d) 

53. (a) 

54. (d) 

55. (c) 

56. (b) 

57. (c) 

58. (d) 

59. (b) 

60. (a) 

61. (a) 

62. (b) 

63. (c) 

64. (d) 

65. (d) 

66. (a) 

67. (a) 

68. (b) 

69. (c) 

70. (b) 

71. (d) 

72. (d) 

73. (d) 

74. (a) 

75. (b) 

76. (b) 

77r(a) 

78715) 

^79715) 

80/ (a) 

81. (c) 

82. (a) 

83. (b) 

84. (d) 

85. (d) 

86. (d) 

87. (c) 

88. (c) 

89. (b) 

90. (b) 

91. (d) 

92. (a) 

93. (a) 

94. (a) 

, 95. (d) 

96. (a) 

97. (a) 

98. (b) 

99. (c) 

100. (a) 

101. (a) 

102. (a) 

103. (d) 

104. (d) 

105. (a) 

106. (b) 

107. (c) 

108. (b) 

109. (b) 

no. (a) 

111. (d) 

112. (c) 

113. ,(c). 

114. (b) . 

115, (c) 

116. (c) 

117. (d) 

118. (b) 

.119. (b) 

120.,(b),_. .. 

121. (c) 

122 : (b) 

123. (d) 

124. (d) 

125. (b) 

126. (c) 

127. (a) 

128. (a) 

129. (b) 

130. (a) 

131. (a) 

132. (a) 

133. (c) 

134. (c) 

135. (a) 

136. (c) 

137. (d) 

138. (b) 

139. (a) 

140. (d) 

141. (d) 

142. (c) 

143. (a) 

144. (b) 

145. (c) 

146. (c) 

147. (d) 

148. (c) 

149. (b) 

150. (d) 

151. (d) 

152. (a) 

153. (a) 

154. (b) 

,155. (c) 

156. (a) 

157. (d) 

158. (c) 

159. (b) 

160. (a) 

161. (b) 

162. (b) 

163. (d) 

164. (d) 

165. (d) 

166. (a) 

167. (a) 

168. (d) 

169. (c) 

170. (d) 

171. (b) 

172. (b) 

173. (a) 

174. (b) 

175. (b) 

176. (c) 

177. (b) 

178. (d) 

179. (c) 

180. (a) 

181. (a) 

182. (b) 

183. (c) 

184. (c) 

185. (b) 

186. (d) 

187. (d) 

188. (b) 

189. (a) 

190. (d) 

191. (c) 

192. (a) 

193. (b) 

194. (d) 

195. (c) 

196. (c) 

197. (c) 

198. (b) 

199. (c) 

200. (a) 

201. (d) 

202. (d) 

203. (a) 

204. (b) 

205. (c) 

206. (c) 

207. (d) 

208. (c) — 

209. (b) 

210. (c) 

211. (b) 

212. (d) 

213. (d) 

214. (a) 

215. (b) 

216. (a) 

217. (b) 

218. (d) 

219. (d) 

220. (b) 

221. (b) 

222. (c) 

223. (c) 

224. (b) 

225. (d) 

226. (a) 

227. (d) 

228. (b) 

229. (c) 

230. (a) 

231. (b) 

232. (d) 

233. (a) 

234. (d) 

235. (c) 

236. (c) 

237. (b) 

238. (d) 

239. (b) 

240. (a) 

241. (b) 

242. (b) 

243. (b) 

244. (d) 

245. (b) 

246. (c) 

247. (a) 

248. (d) 

249. (d) 

250. (a) 

251. (c) 

252. (a) 

253. (c) 

254. (b) 

255. (a) 

256. (a) 

257. (a) 

258. (c) 

259. (c) 

260. (d) 

261. (b) 




® Set-2 








1. (b) ; 

Z. (d) 

3. (a,c,d) 

4. (c) 

5. (c, d) 

6. (c) 

7. (d) 

8. (a,b) 

9. (a) 10. (a,d) 

11. (b, c) 

12. (b,d) 

13. (a,b,c) 

14. (b,c) 

15. (a,b,c) 

16. (a) 

17. (b) 18. (a) 








/ ASSERTION-REASON TYP£ QUESTIONS 





1. (c) 

2 . (b) 

3. (d) 

4. (a) 

5. (d) 

6. (b) 

7. (c) 

8. (d) 

9. (c) 

10 . (c) 

11. (d) 

12. (a) 

13. (d) 

14. (c) 

15. (d) 

J6. (c) 

17. (a) 

18. (d) 

19. (a) 

20. (b) 

21. (c) 

22. (b) 

23. (d) 

24. (a) 


25. (c) 26. (a) 
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The following questions contain single correct option: 

1 . The pH value of 10"^ M aqueous solution of NaCl is: 

(a) 7 (b)3 {c)ll (d)14 

[Hint: NaCl is the salt of strong acid HCl and strong base NaOH. Its 
aqueous solution will be neutral with pH equal to seven.] 

2. The acidic buffer solution can be prepared by mixing solutions 
of; 

(a) sodium acetate and acetic acid 

(b) ammonium chloride and ammonium hydroxide 

(c) sulphuric acid and sodium sulphate 


_. 3 ,.^Hydrolysis-constaots otfwo-salts-:fe4-and-KS-of-wea^eids— 
HL4 and HS are 10"* and 10"®, If the dissociation constant of 
third acid HC is 10"^. The order of acidic strengths of three 
acids will be: 

(a) H.4 > Hfi > HC (b) HB > HL4 > HC 

(c) HC > ftf > Hfl (d) a4 = HB = HC 



10"*'* 


W 


= 10 


" 10"* 



_ 10-'" 

= 10 



10"® 



[Hint: K„(EA) = 


KAm-- 


K,(HC)=W- 

Greater the value of dissociation constant , more is the acidic 
strength.] 

4. Three sparingly soluble salts that have same solubility 
products are given below: 

I. AoX II. AX III. AX^ 

Their solubilities in a saturated solution will be such that: 

(a) III > II > I (b) III > I > 11(c) II > III > I (d) II > I > III 


jK^fovAX; S-- 


for AX^ 


for A^X; 


Sij > S, > Sill ] 

Consider ihe three solutions of 1 Af concentration. 

1. Sodiuir. :.ice! ;ite (CHjCOONa) 

2. Acetic acid + Sodium acetate 
(CH 3 COOH + CHjCOONa) 

3. Acetic acid (CHjCOOH) 

The pH of these solution-; will lie in rhe tbllowing sequence: 
(a) 3 < 2 < 1 (b) 2 < 1 < 3 (c) 1 •• 2 < 3 rd) 3<1<;- 

[Hint: CHjCOOH (Acetic acid) <(Ch 3 CO(^ii CH ,>. 001sa) 
pH < 7 Buffer 

- CHjCuOTa ] 

pH>^ 

Salt of we acid 
with strong base 


6 . Glycine NHjCHJCOOH behaves: 

(a) as a Bronsted acid 

(b) as a Bronsted base 

(c) both as an acid and a base 

(d) neither as an acid nor as a base 

7. Solubility of Hg 2 Cl 2 in a solvent is S moles/litre. Its solubility 
product will be: 


(a) 16S^ 


(c) 165^ 

2cri 


[Hint: HgjClj-.Hg^"+2Cr] 

8 . Arrange the fo ll owing acids in increasing order of their acid 
strength: 

1012804 111.^13^4 

(a) III < II < I (b) I < II < III(c) II < III < I (d) III < I < II 

9. Select the anion which is the strongest bronsted base: 

(a) GIO 4 (b) CIO 3 (c) CIO 2 (d) CIO" 


III. H 3 PO 4 


(a) GIO 4 

[Hint: 


HCIO4 > HCIO, > HCIO, > HCIO 


(Decreasing acidic character) 
CIO4 < Cio; < CIO2 < CIO" 

(Increasing basic strength) 
(Conjugate base of strong acid is weak base)] 

10. M(OH)j. has a of4 x 10"^ and its solubility is lO"^ M The 
value ofxis; 

(a) 4 (b)l (c)3 (d)2 

11. What is the maximum possible concentration ofM^'^ ions in a 
solution containing 0.15 M HCl and 0.10 M H 2 S? [Given that, 
if,(NiS) = 2 X-IO"^' and [S^-]h^s = 4 x 10"^’]: 

(a) 0.65 M (b)0.45M (c)0.10M (d)0.15 M _ 

12. The pH of 10"'® MH 2 SO 4 will be almost: 

(a) 4 (b)7 (c )6 (d)0 

13. Solubility of calcium phosphate (molecular mass, M) in water 
is g per 100 mL at 25°C. Its solubility product at 25°C will 
be approximately: 


cfWY ifWY 

\M J ) 

. c 10 ^ 

Bt: o =-r 

M 

Of Ca3(P04)2 = 108S® 


mol litre 


= 10 ®|^—J (approximately)] 

14. When some amount of sodium acetate is further added to a 
mixture of acetic acid and sodium acetate, then pH of the 
solution; 
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(a) increases 

(b) decreases 

(c) remains same 

(d) none of these can be predicted from given information 

[Hint: pH = pif„ + logM 
[Acid] 

When the concentration of salt is increased, the value of pH will 
increase.] 

15. When strong base (NaOH) is added to the weak acid (acetic 
acid, CH3COOH), then dissociation of acetic acid ineteases; 
this effect is known as: 

(a) common ion effect (b) reverse ion effect 

(c) saltation effect (d) solubility effect 

[Hint; CH3COOH + NaOH-> CHjCOONa + HjO 

Ionization of acetic acid will increase with the progress of its 


14;^n—eur^body^earbom dioxide—(GO^eombines-^ith water 
(H 2 O) to form carbonic acid. 

H 2 O + CO 2 -> H 2 CO 3 

Carbonic acid undergoes dissociation as, 

H 2 CO 3 H^ + HCOJ 

During the physical and mental stress, the rate of respiration 
increases, which results in the decrease in concentration of 
CO 2 in the blood. What will be the effect on pH of human 
blood during the stress? 

(a) Decreases (b) Remains same 

(c) Increases (d) Cannot be predicted 

17. The correct order of basic strength is;. (AiiMS 2007) 

(a) H 2 O < OH" < CH 3 OH < CHjQ- 

(b) CH 3 OH < H 2 O < CH 3 O- < otr 

(c) H 2 O < CH 3 OH < OH- < CHjQ- 

(d) OH- < HjO < CH 3 O- < CH 3 OH 

18. Which of the following orders is expected to be correct? 

(a) pa:„(C 1 CH 2 C 00 H)>pa:„(ch 3 C 00 H) 

> pS:„(CH3CH2COOH) 

(b) pX'„(ClCH 2 COOH)<pi<:„(CH 3 COOH) 

< p^„(CH 3 CH 2 COOH) 

(c) piif^CClCHjCOOH) > pA:^(CH3COOH) 

< pa:^(CH3CH2Cooh) 

(d) pA:„(ClCH 2 COOH)<pii:^(CH 3 COOH) 

> pAT^fCHjCHjCOOH) 

19. The concentration of HJ 0 ions in pure water is 10^® mol dm"^. 
The corresponding concentration of OH" ions will be; 

(a) 10 -'“ mol dffl-^ (b) 10 "* mol dm'^ 

(c) 10 “® mol dffl-^ (d) lO'^ mol dm"^ 

[Hint: In water, [H“ ] = [OH- ] = 10^ mol dm"^] 

20. What will be the pH of a solution formed by mixing 40 cm^ of 
0.1 MHCl with 10 cm^ of 0.45 MNaOH? 

(a) 10 (b) 8 (c) 5 (d) 12 

MV 0 1X 40 

[Hint: Number of moles of HCl = = - = 0,004 

1000 1000 

Number of moles of NaOH = ^ = 0.0045 

1000 1000 

Remaining moles of NaOH after neutralization = 0.0005 


Molarity of OH- = x 1000 = O.OIM 

50 

pOH = 2 .-. pH =14-2 = 12] 

21. In the following reaction: 

HCO3 + HjO COf + HjO”" 
which two substances are Bronsted bases? 

(a) CO?- and (b) HCO; and HjO^ 

{c)HC 03 andCO^ (d)CO^andH 20 

22. Which are strong acids? 

I. HCIO 3 II. H 2 Se 03 III. H 3 Asb 4 
(a) I only (b) III only 

(c) I and III only (d) II and III only 

23. HCOOH^HCOO- + H^; ^4=1.7x10-“ 

The ionization of formic acid is represented above. Calculate 

_ [IH ] of a solution initially containing 0 .1 A/HCOOH and 0.05 

MHCOO Na: i __ 

(a) 8.5 X 10-^ M (b) 3.4 x 10-“ M 

(c)4.1xlO-^M (d)1.8xlO-^M 

24. Carbonic acid, H 2 CO 3 , is a diprotic acid for which 

= 4.2x 10-’ and K 2 = 4.7x IQ-''. Which solution will 
produce a pH closest to 9? 

.(a) 0 ;l it/H 2 eO 3 . -.-.-.... 

(b) 0 . 1 MNa 2 CO 3 

(c) 0 . 1 MNaHCO 3 

(d) 0.1 MNaHC 03 and 0.1 MNajCOj 

25. What is the conjugate acid of HPO 4 -? 

(a),H 3 P 04 (b)H 2 P 04 (c)H 30 -^ (d)POi- 

26. What is the of a weak base that produces one OH" per 
molecule if a 0.05 M solution is 2.5% ionized? 

(a) 7.8x10-* (b) 1.6x10-^ (c) 3.2x10'^ (d) 1.2x10“^ 
[Hint: Kj, = Ca} 

= 0,05xf—1 =3.1x10"='] 

liooj 

27. The amount of sodium hydrogen carbonate, NaHC 03 , in an 
antacid tablet is to be determined by dissolving the tablet in 

/ water and titrating the resulting solution with hydrochloric 
acid. Which indicator is the most appropriate for this titration? 

Acid 

H 2 CO 3 2.5x10-“ 

HCO 3 . 2.4x10"* 

(a) Methyl orange, pA[,„ =3.7 

(b) Bromothymol blue, p^,„ = 7.0 

(c) Phenolphthalein, pjf,„ = 9.3 

(d) Alizarin yellow, pITj,, = 12.5 

28. If equal volumes of BaClj and NaF solutions are mixed, 
which of these combinations will not give a precipitate? 

Substance 

BaFj 1.7x10"'' 

(a) 0.004 MBaClj and 0.02 MNaF 

(b) 0.010 MBaClj and 0.015 MNaF 
. (c) 0.015 MBaClj and 0.010 MNaF 

(d) 0.020 MBaClj and 0.002 MNaF 


/ 
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[Hint: In the mixture of 0.02 M BaCl 2 and 0.002 MNaF, the 
ionic product is less than the solubility product, hence there will 
be no precipitation of B aF j.] 

29. HCN is a weak acid = 6.2 x 10“^®). NH 4 OH is a weak 

base (Ki, = 1.8 X 10^^). A 1 Msolution of NH 4 CN would be: 

(a) strongly acidic (b) weakly acidic 

. (c) neutral (d) weakly basic 

[Hint: Since, Ki,>K ^,hence the medium will be weakly basic.] 

30. How many moles of HCOONa must be added to 1 L of 0.1 M 
HCOOH to prepare a buffer solution with a pH of 3.4? 

Given: for HCOOH = 2x10^ 

(a) 0.01 (b)0.05 (c)O.l (d)0.2 

31. Silver ions are added to the solution with; 

[Br-] = [Cr ] = [COf-] = [AsO|-] = 0.1 M 
Which compound will precipitate at the lowes t [Ag '^]?_ 

ril(a);^riI^5^iZl)__ 

{b)AgCl(ii: 3 p = 1 . 8 x 10 “'®) 

(c) Ag 2 CO 3 (i:^ = 8 . 1 xl 0 -'') 

(d) Ag 3 AsO 4 (if^ = 10 -“) 

[Hint: In case of AgBr, the ionic product-will ^ exceed the 
solubility product before AgCl, Ag^COj and Ag 3 As 04 . Thus, 
AgBr will start precipitation before other salts.] 

32. The equilibrium constant for this reaction is approximately 10”^. 

HPO^(flg.)+ HCOjCa^.)?^^ H2P04(a9.)+ COf (a^.) 

Which is the strongest conjugate base in this reaction? 
(a)HPO|“(a^.) (b)HCOj(a 9 .) 

(cjHjPOaa?.) (d) col-(aq.) 

[Hint: Conjugate base of weak acid is strong base.] 

33. Which mixture forms a buffer when dissolved in 1 L of water? 

(a) 0.2 mol NaOH + 0.2 mol HBr 

(b) 0.2 mol NaCl + 0.3 mol HCl 

(c) 0.4 mol HNO 2 + 0.2 mol NaOH 

(d) 0.5 mol NHj + 0.5 mol HCl 

34. The equilibrium constant for this reaction is 3.6 x 10"’. 

OCr(aq.) + HiOil) HOCl(af.) + OH"{a^.) 
WhatisA:^ forHOCl? 

(a) 2.8 X 10"® (b) 3.6 x 10"’ (c) 6x10"^ (d) 2.8 x 10"® 

35. What is the concentration of H’ in a solution that is prepared 

by mixing 50 mL of 0.5 M HCl and 200 mL of 0.25 M HCl? 
(a) 0.30 M (b)0.35M (c)0.40M (d) 0.45 M 

36. for hydrofluoric acid is 6.9 x 10"^. What is the equilibrium 
constant K for the following reaction? 

F"{ag.) + H^OCO :f=^ HFla^r.) + OH~(aq-.) 

(a) 6.9 X 10"“ (b) 1.4 x 10"" (c) 2.6 x 10"® (d) 8.3 x 10"® 

37. A solution of 2 M formic acid (HCOOH) is 0.95% ionized. 
What is the K,, of formic acid? 

(a) 1.9x10"^ (b)1.8x 10"^ (c)9x 10"® (d) 4.5x10"® 

[Hint; =Ca’ = 2xf—1 ] 

UooJ 

38. If 0.1 mol of salt is added to 1 L water, which of these salts is 
expected to produce the most acidic solution? 


(a)NaC 2 H 302 (b)NH4N03 - 

(c)CuS 04 (d)AlCl3 

39. A sample of hard water contains 0.005 mole of calcium 

chloride per litre. What is the minimum concentration of 
sodium sulphate which must be added for removing the Ca^''' 
ions from this water sample? of CaS 04 = 2.4 x 10 "®. 

(a) 4.8x10"^ (b) 4.8x10"® 

(c) 2.4 X 10"’ (d) 2.4 x 10"® 

40. Match the List-I and List-II: 

List-I List-II 

(A) The limits of pH values of buffer (i) 5 x 10"” 
solution 


(B) Concentration of [H 30 ^] in (ii) Equal 

0.001 MBa(OH)2 

iamaximum when conceattation 


of salt to that of acid is 
(D) Ionic product of water is 


(iv) ± 1 


Codes: A 

B 

c 

D 

(a) 

iv 

ii 

i ■ 

iii 

(b) 

iv 

i 

iii 

ii 

(c) 

i 

iv 

ii 

iii 

(d) 

iv 

i 

ii 

iii 


41. Match the List-I and List-II: 



List-I 

List-II 

(A) 

Degree of ionization of weak 

(i) Conimonion 


electrol)Tes increases 

effect 

(B) 

pH of water decreases on 

(ii) pH = 4 

(C) 

The solution has hydronium ion 
concentration of 0.0001 
mol/litre 

(iii) Heating 

(D) 

The addition of NaOH to 
Ca(OH )2 solution precipitates 
Ca(OH )2 

(iv) On dilution 


Codes: 

A 

B 

. C 

D 

(a) 

iv 

iii 

i 

ii 

(b) 

iii 

iv 

ii 

i 

(c) 

iv 

iii 

ii 

i 

(d) 

iv 

ii 

iii 

i 


42. Which of the following is not correct about the percentage 
ionization of BOH ? 


(a) 

(c) 


100 

J + 


(bjiooxj^ 


(d) 


X 100 
isTj + OH" 


[Hint: 

BOH B+ + OH" 

^0 

C 0 0 


C - Ca Ca Ca 


^ [B"][oir] c’fr 

iVj, — — 


® [BOH] C(1 - ^ 


= Ca^ 


(a <« 1) 
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a = J— 
V C 


* % ionization = 100 x ' ^ * 


V C 


,.( 1 ) 


a = 


[B'"]+ [BOH] [BOH] [OH2 


[B"] 






a = - 

^(, + OH” 

Percentage ionization = 

a = 

a = 


..(2) 


100 is:;, 

JTj + OH“ 


2. Which among the following statements is/are correct? 

(a) pH = -log,o (H 3 O" ) 

(b) pH decreases with increase of temperature 

(c) pH cannot be zero, negative or more than 14 

(d) If a solution is diluted ten times, its pH increases by 1 

3. Which among the following statements is/are correct? 

(a) pH of 10"* MHCl is equal to 8 

(b) Conjugate base of H 2 PO 4 isHPO^” 

(c) pH of 0.1 MNaCl (aqueous solution) = - 


, [OH"] , 10"P°” 

1 + !^- - 1 + - 




10-I>«4 


(d) Ionization of water increases with decrease in temperature 
Let us consider the ionization of HCl in the aqueous solution 


ofCHjCOOH. 


1 


CHXOOH + HCl ^ 


1 + 10 * 1 ’^*’ 


Bementage ionization= 


100 


CH3COOH2 + cr 

Select the correct statement(s) among the following; 
Xa) Cr is the conjugate ba^" 6 rHCI 


.- 

43 . When NaCl is .added gradually to the saturated solution of 
AgCl then which of the following plot is correct ? 


[Agl 


■[Cil¬ 

ia) 



(a) SO^ 
(c)PO^ 




(c) 


The following questions may have more than one eorrect 
options: 

1. Which of the following statements is/are correct about the 
ionic product of water? 

(a) K (equilibrium constant of water) < K„ (ionic product of 
water) 

(b) pK > pK^ 


(B) CHjCOOH Is^the cohjugatehaseof CH 3 COOHJ 

(c) CH 3 COOH 2 is the conjugate base of CH 3 COOH 

(d) cr is the conjugate base of CHjCOOH 

5. Which among the following species act both as an acid as well 

as a base?. .I,.. ... 

(b) HSO 4 
(d) NH 3 

6 . Which among the following salts will give basic solution on 

hydrolysis? [PET (MP) 2008] 

(a) NaH 2 P 04 (b) NH 4 CI 

(c) NaCl (d) K 2 CO 3 

7. Which among the following represent the conjugate acid/base 
pairs? 

(a) H30*/H20 

(b) H 2 SO 4 /SO 5 " 

(cjHCOj/CO^" 

(d) All are conjugate acid/base pairs 

8 . If you have saturated solution of CaFj then: 

(a)[Ca^n = #^ (b)[Ca 2 "]= 2 [F-] 

(c) 2 [Ca^" ] = [F- ] (d) [Ca^" ] = [^:,,4 f' 

9. The relative strength of two weak bases at same concentration 
may be given as: 

[OH"], 




K. 


(b) 


(c) At 300 K, of water becomes 10 

(d) Ionic product of water at 25°C is 10 


1-12 


-14 


(C)' 


a. 


(d)- 


[oir ]2 
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• Single correct option 


1 . (a) 

2 . (a) 

3. (c) 

4. (d) 

5. (a) 

6 . (c) 

7. (d) 

8 . (a) 

9. (d) 

10 . (d) 

11 . (b) 

12 . (b) 

.13. (b) 

14. (a) 

15. (b) 

16. (c) 

17. (c) 

18. (b) 

19. (c) 

20 . (d) 

21 . (d) 

22 . (a) 

23. (b) 

24. (c) 

25. (b) 

26. (c) 

27. (a) 

28. (d) 

29. (d) 

30. (b) 

31. (a) 

32. (d) 

33. (c) 

34. (a) 

35. (a)' 

36. (b) 

37. (b) 

38. (b) 

39. (b) 

40. (d) 

. 4i; (c) 

42. (c) 

43. (b) - 






• One or more 

than one correct options 






1 . (a,b, c,d) 

9. (b,c,d) 

2 . (a,b,d) 

3. (b,c) 

4. (a, b) 

5. (b,d) 

6 . (a, d) 

7. (a, c) 

8 . (c, d) 


Integer Answer TYPE QUESTIONS 


This section contains 13 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question 
numbers X, Y, Z and W (say) are 6 , 0, 9 and 2 
respectively, then the correct darkening of bubbles 
will look like the given figure ; 


1. What will be the pH of 0.1 Af CH 3 COONH 4 ? 

Dissociation constants of CH^COOH and NH 4 OH are 

= I 8 x lO'^.and ATft = L 8 x 10~* respectively. 

2. Ionic product of water is lx 10“'^. pH of water will be : 

3. Calculate the pH at which an acid indicator HIn with 
concentration 0.1 M changes its colour. 

for HIn = 1x10’^) 

4. Sum of basicity of H 3 PO 4 , H 3 PO 3 , H 3 PO 2 is equal to ; 

5. A given weak acid (0.01 M ) has = 6 . The pH of this 
solution is: 

6. Solubility product of an electrolyte is 69125’. How many ions 
will be obtained by the ionization of one molecule of 
electrolyte? 

7. The solubility product of Mg(OH )2 is 5 x 10"'^ at 25°C. pH of 
saturated solution of Mg(OH )2 will be : 

8 . pH of 10“^M HCl is 6.9586. The value of x will be : 

9. If the equilibrium constant of the reaction of weak acid HA 
with strong base is 10®, then the pH of 0.1 M NaT solution will 
be: 


X Y Z W 
_ ®®® 
(DO®® 
® ® 
@'®® @ 
@ ® @ @ 
® ® ® ® 
“ © ©® 
@@® 


10. Consider the titration of 50 mL of 0.1 MHBr with 0.1MKOH. 

Calculate pH after 49 mL of the base has been added to the 50 
mLofHBr. ; , : . . . ; -- 

11. The dissociation constant of a substituted benzoic acid at 25°C 
is 1X lO"^. The pH of a 0.01 M solution of its sodium salt is: 

giT 2009) 

[Hint : pH of salt after hydrolysis may be calculated as, 
pH =i[pj:,, + pit, + iogC] 

= l[14 + (-logl0'^)+log0.01] 

= l[14 + 4-2]=8 ] 

12. The total number of diprotic acids among the following is: 

H 3 PO 4 , H 2 SO 4 ,H 3 PO 3 ,H 2 CO 3 , H 2 S 2 O 7 , H 2 BO 3 , H 3 PO 2 . 
H2Cr04,H2S03 (HT2M0)- 

[Hint : H 2 SO 4 , H 3 P 03 ,H 2 C 03 ,H 2 S 207 ,H 2 Cr 04 ,H 2 S 03 are 
diprotic acid.] 

13. Amongst the following, the total number of compounds whose 
aqueous solution turns red litmus paper blue is: 

KCN, K 2 SO 4 , (NH 4 ) 2 C 204 , NaCl, Zn(N 03 ) 2 , FeClj, 
K2C03,NH4N03,LiCN {IIT201O) 

[Hint : Salts of weak acid and strong base will give basic solution 
on hydrolysis and will turn red litmus to blue KCN, K 2 CO 3 and 
LiCN are such type of salts.] 



1. (7) 2 : (6) 3. (5) 4, (6) 5. (4) 6 . (7) 7. (8) 8 . (8) 

9. (9) 10. (3) 11. (8) 12. (6) 13. (3) 
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m LiNKeD CKMpRfMMNsioN Type Questions 



• Passage 1 

Higher the amount of acid or base used to produce a definite change 
of pH in a buffer solution, higher will be its buffer capacity. Buffer 
capacity of solution is maximum under the following conditions: 

[Salt ] = [Acid ] (in acid buffer) 

[Salt ] = [Base ] (in base buffer) 
pH of a buffer solution lies in the range given below: 

pH ^pK,* I 

In other words, any buffer solution can be used as buffer up to two 
pH units only, depending upon the value of pK^ or pK,,.A buffer is 
said to be efflcimt when pH = pK^ or pOH =' pK^,. 

Answer the.following questions: 

1 . Any buffer can be used as a buffer up to: 

(a)Wpfifilirtts(b) 3T5HT3nitFtc) 2 pHTinits (dJTpITumf 
—2. ■ -^WMcir aiiiong^e~foHowmg“^solutionS^wttl“Be^the mosr 
efficient buffer? 

(a) 0.1 MCHjCOONa + O.Oi MCH 3 COOH 

(b) 0.1 A/NH 4 CI + 0.1 MNH 4 OH 

(c) 0.001 M HCOOH + 0.002 M HCOONa 

£d) Alljofjlie, above.:_.... _ _ _ . 

3. The buffer capacity is equal to: 

An pH 

(a)- (b)- (c) ± IpJC^ (d) none of these 

ApH An 

4. A buffer of acetic acid (p.^^ = 4.8) with sodium acetate will 
be, when CH 3 COOH and CHjCOONa are present in 
equivalent amounts has pH limits equal to: 

(a) 0 to 4.8 (b) 3.8 to 5.8 (c) 4.3 to 5.3 (d)4.8 

5. Buffer capacity is maximum when: 

(a) one mole of NH4CI is added to two moles of NH4OH 

(b) one mole of NH4CI is added to one mole of NH4OH 

(c) one mole of NH 4 CI is added to one mole of NaOH 

(d) one mole of NaCl is added to one mole of NaOH 

6 . A buffer solution is prepared by mixing equal concentration of 

acid (ionisation constant ) and a salt. The pH of buffer is: 

[JEE (Orissa) 2008] 

(a)p/i:„+7 (b)14-p/:, ic)pK, (d)pit,+1 


• Passage 2 

When a salt reacts with water to form acidic or basic solution, the 
process is called hydrolysis. The pH of salt solution can be 
calculated using the following relations: 

pH^^[pK^ypK,,^logC] 

(for salt of weak acid and strong base.) 

pH = \[pf^.-pKt,-logC]" 

(for salt of weak base and strong acid.) 

pH = ^[pK,,+pK,~ pK,] 

(for salt of weak acid and weak base.) 
where, 'C’ represents the concentration of salt 


When a weak acid or a weak base is not completely neutralized by 
strong base or strong acid respectively, then formation of buffer 
takes place. The pH of buffer solution can be calculated using the 
following relation: 

pH = pK, + log ; pOH = pK, + log 

[Acid ] [ifasej 

Answer the following questions using the following data: 

= 4.7447, pATj =4.7447, pK,, = 14 

1. When 50 mL of 0.1 M NH 4 OH is added to 50 mL of 0.05 M 
HCl solution, the pH is: 

(a) 1.6021 (b) 12.3979 . (c) 4.7447 (d) 9.2553 

2. ^(^1 Af NH 4 CI aqueous solution h as pH :_ 

~ Ja) 6T27_ (b) 7 .1 26 (c ) 2.167 (d) 1.267 

3. 50 mL 0.1 M NaOH is added to 50 mL of 0.1 M CH 3 COOH 
solution, the pH will be: 

(a) 4.7447 (b) 9.2553 (c) 8.7218 (d) 1.6021 

4. 1 mole CH 3 COOH and 1 mole CHjCOONa are dissolved in 
water to form 1 litre aqueous solution. The pH of the resulting 

solution wilLbe: __ _.-..--- - 

(a) 9.2553 (b) 4.7447 (c) 14 (d)7 

5. When 50 mL of 0.1 M NaOH is added to 50 mL of 0.05 M 
CH 3 COOH solution. The pH of the solution is: 

(a) 1.6021 (b) 12.3979 (c) 4.7447 (d) 8.7218 

• Passage 3 

An acid-base titration consists of the controlled addition of a 
dissolved base to a dissolved acid (or the revme). Acid-base react 
rapidly to neutralize each other. At the equivalence point, enough 
titrant, the solution being added, has gone into make the chemical 
amounts of the acid and base exactly equal. The pH of a titration 
changes every time a drop of titrant is added, but the rate of this 
change varies enormously. A titration curve, graph of pH as a. 
function of the volume of titrant, displays in detail how the pH 
changes over the course of an acid-base titration. Significantly, the 
pH changes most rapidly near the equivalence point. The exact 
shape of a titration curve depends on the and Kj, acid and base. 
Answer the following questions: 

1 . The following figure represents titration curve of HCl against 
NaOH. The pH at equivalence point will be: 
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(a) 7 (b) 6 (c) 8 (d) 3 

Examine the titration curve below: 



- Vo l ttm e- of -a c t d -a dd e d —-- 

Answer the questions 273 and 4 on the above curve. 

2. Which of the titrations could it represent? 

(a)HClbyKOH (b)RhOHbyHBr 

(c) HCl by NaOH (d) NHj by HNO 3 

3. The suitable indicator for this titration will be: 

(a) bromothymol blue (b) methyl orange 

(c) methyl red (d) all of these 

4. The pH at equivalence point is: 

(a) 11 (b)7 (c)3 {d)2 

5. Which of the following curves indicates the titration of a weak 
diprotic acid by NaOH of equivalent strength? 



Volume of NaOH added 
(a) 



Volume of NaOH added 



Volume of NaOH added 
(b) 



Volume of NaOH added 


(c) 


• (d) 


• Passage 4 

Acid min takes place due to combination of acidic oxides with 
water. In atmosphere, sulphur dioxide and nitrogen monoxide are 
oxidised to sulphur trioxide and nitrogen dioxide respectively, which 
react with water to give sulphuric and nitric acid. The resultant 


solution so called is acid rain. Sulphur dioxide dissolves in water to 
form diprotic acid in aqueous solution. 

S02ig) + H20{1)^=^ HSO; + H =10^^.Af 

HSO; sol" + = 10"’ M 

and for equilibrium, 

S02{aq.)+ H20il)^^ SOl-{aq.)+m^(aq.)i 

X = 10"^ at 300 Kat 27°C 

Answer the following questions: 

1. Which of the following reagents will give white precipitate 
with the aqueous solution of sulphurous acid? 

(a)NaCl (b)KCl (c)BaCl 2 (d)HCl 

2. The pH of 0.01 Af aqueous solution of sodium sulphite will be: 

(a) 8.5 (b)9 (c)4.5 (d) 9.5 

-hydrogen-sulphiteTsi--r-— - 

2HS03(a9.)^^ S02(a^.) + SOf (aq.) + ^2^(1) 

The equilibrium constant for the above reaction is; 

(a) 10 "® (b) 10 "^ (c) 10 "® (d) 10 "^ 

4. Which among the following statements is correct? 

(a) COj gas develops more acidity in rain-water than SO 2 .. 

(b) H 2 SO 3 is less acidic thanH 2 S 04 

(c) HNO 3 is less acidic than HNO 2 

(d) SO 2 (g) is reduced in the atmosphere during thunderstorm 

• Passage 5 

The product of the concentrations of the ions of an electrolyte 
raised to power of their coefficients in the balanced chemical 
equation in the solution at any concentration. Its value is not 
constant and varies with change in concentration. Ionic product of 
the saturated solution is called solubility product K^p. 

fi) When Kjp=K^p, the solution is just saturated and no 
precipitation takes place. 

id) When Kjp < K^p, the solution is unsaturated and 
precipitation will not take place. 

ijli) When Kjp>K^p, the solution is supersaturated and 
precipitation takes place. 

Answer the following questions: 

1. The solubility product, K^, of sparingly soluble salt MX at 
25°C is 2.5 X 10"*. The solubility of the salt in mol L"* at this 
temperature is: 

(a) lx 10 "'“ (b)5xl0"® (c)1.25x 10^(d)5xl0"® 

2. Which of the following is most soluble? 

(a) Bi 2 S 3 = 1X 10"™) (b) MnS = 7 x 10"'®) 

(c) CuS (A:^ = 8 X 10"^’) (d) Ag 2 S (A:, = 6 X 10"®‘) 

3. The concentration of Ag"^ ions in a given saturated solution of 
AgCl at'25°C is 1.06 x 10"® g ion per litre. The solubility 
product of AgCl is: 

(a) 0.353x10"'® (b) 0.530 x 10"'“ 

(c) 1 . 12 x 10 "'® (d) 2 . 12 x 10 "'® 

4. When equal volumes of the following solutions are mixed, 
precipitation of AgCl (AT^ = 1.8x 10"'®) will occur only 
with; 
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(a) 10-^MAg'' +10 t''MC1“ 

(b) 10‘^MAg*+10‘^MCr 

(c) 10"® M Ag-" + 10" ® M Cl ■ 

(d) 10■’®M Ag'"+10-‘®MCr 

5 . When HCl gas is passed through saturated NaCl solution, the 

ionic product of NaCl is exceeded because of: 

(a) increase in Cl" ion concentration 

(b) increase in Na^ ion concentration 

(c) decrease in the NaCl concentration 

(d) decrease in Cl" ion concentration 

6 . If the solubility of Li 3 Na 3 (AlFg )2 is x mol L"*, then its 

solubility product is equal to: 

(a)12x^ (b)l&t^ (c)x® (d)2916** 

m Passa ges ________ , 

The-dissoGiation <f-weal^l€etmlyte {;wmk-<ieid) is expressed-in- 
terms of Ostwald dilution law. Stronger is the acid, weaker is its 
conjugate base. The dissociation constants of an acid ) and its 
conjugate base {K),)are related by the given relation: 

K^.= K,xK^ 

At 25°C, K„ (Ionic product of water) - lO"^"*. 

Phosphoric acid is a weak acid. It is used in fertilizer, food, 
detergent and toothpaste. Structure of phosphoric acid is: 

O 

t . 

HO — P—OH (pK^^ = 2.12, pK,^=12\, pK,^ = 12.32) 

OH 

Aqueous solution of phosphoric acid with a density of\g mL~^ 
containing 0.05% by weight of phosphoric acid is used to impart tart 
taste to many soft drinks. 

Phosphate ion is an interfering radical in qualitative analysis. It 
should be removed for analysis beyond third group of qualitative 
analysis. 


Answer the following questions: 

1. The basicity of phosphoric acid is: 

(a)l (b)2 (c)3 (d)4 

2. The state of hybridization of phosphorous in phosphoric acid 
is: 

(a) sp (b) sp^ (c) sp^ (d) sp^d 

3. The removal of PO 4 " in qualitative analysis of basic radicals is 
made by using a buffer solution of: 

<a) HCO 3 and CO^ (b) CH 3 COO" and CH 3 COOH 

(c) NlfJ and NH 4 OH (d) none of these 

4. What is the molarity of phosphoric acid used in soft drinks? 
(a) 5.1x10"^ (b) 1.5x10"^ (c) 3.1x10"^ (d) 2.1x10"^ 

5. Which among the following relations is correct? 

: ..(c) if,, =/!:, ,= g,, id)K^^>K,^> K^^ __ 

6 . First ionization of phosphoric acid is: 

^ ^. .. 

= 2.21 

The dissociation constant of conjugate base of H3PO4 will 

be: 

(a) 6.45x10"’ (b) 1.62x10"’^ 

(c) 3.48 X 10"“ (d) 4.62 x 10"^ 

[Him: pif,, =2,21 

.fir,, = antilog (- 2 . 21 ) 

= 6.165x10"^ 

K 

Kf, (of conjugate base) = — 

ifa, 

io-‘^ 

6,165 X 10'^ 

. =1.62x10"“] 



Passage 1'. 

L (c) 

2. (b) 

3. (a) 

4. (b) 

5. (b) 

6. (c) 

Passage 2. 

.. !. (d) 

^ 2.,(a) 

3. (c) 

4. (b) 

5. (b) 


Passage 3. 

■ 1. (a) . 

2. (b) 

3. (d) 

4. (b) 

5. (a) 


Passage 4. 

1. (c) 

2. (d) 

3. (c) 

4. (b) 



Passage 5. 

1 . (d) 

2. (b) 

3. (c) 

4. (a) 

5. (a) 

6. (d) 

Passage 6. 

1. (c) 

2. (c) 

3. (b) 

4. (a) 

5. (b) 

6. (b) 
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<§> Self Assessment 

ASSIGNMENT NO. 10 



SECTION-I 

Straight Objective Type Questions 

This section contains 7 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. When 50 mL of 0.1 M NaOH is mixed with 50 mL of 0.05 M 
CHjCOOH solution, pH becomes: 

(a) 1.602 (b) 12.39 

(c) 4.74 (d) 8.72 

2. If the degree of dissociation of water at 90°C is 1.28 x 10'"* 
then the ionisation constant of water at 90°C is: 

(a) TiSlx l(f’^ M ^ ■ (b) 9.07X 10 ~‘^ll/^ 

(c) 1.28 X lO"*'' M (d) 1.38 x lO’’"* M 

3. How much water from 5 litre of lO"^ M HCl should be 
evaporated to change its pH by 2 units? 

(a) 1.5 litre (b) 0.5 litre (c) 2.54 litre (d) 4.95 litre 

4. Which among the following cannot exist in an aqueous solution? 

(a)NH; (bjNOj 

(c) no; (d)NH^ 

5. The pH of an HCl solution is 2. Sufficient water is added to 
make the pH of new solutions. The hydrogen ion 
concentration is reduced: 

(a) ten fold (b) seven fold 

(c) thousand fold (d) hundred fold 

6 . Consider the following statements: 

I. HNOj (strong acid) behaves as a base in HF. 

II. H 2 SO 4 dissociates to a small extent in glacial acetic acid. 

III. CHjCOOH (a weak acid) behaves as strong acid in 
NHjC/). Select the correct alternate for these statements: 

(a) I, II, and III (b) I and III 

(c) II and III (d) I and II 

7. The solubility of 2-^5 is niol dm“ ^. Its solubility product is: 

(a)36x** (b)64xl0‘*x’ 

(c)126x^ (d) 1.25X 10 “* x'^ 

SECTION-II 

Multiple Answers Type Objective Questions 

8 . During the titration of mixture of NaOH, Na 2 C 03 and an inert 
substance against hydrochloric acid: 

(a) phenolphthalein is used to detect the end point when NaOH 
is completely neutralized and half of Na 2 C 03 is neutralized 

(b) methyl orange is used to detect the final end point 

(c) methyl orange is used to detect the first end point 

(d) phenolphthalein is used to detect the final end point 

9. Solubility product of the hydroxide M(OH )2 is 4 x 10"'^. 
Select the correct statement(s) among the following: 


(a) the pH of its saturated solution will be 10.3 

(b) its solubility will decrease in a buffer medium of pH = 9 

(c) its solubility will increase in a buffer medium of pH = 1 

(d) its solubility is unaffected by pH of the medium 

10. Which of the following salt solutions will be basic? 

(a)NaCl (b)NaCN (cjKjCOj (d)NH 4 N 03 

11. "Which of the following salts will not undergo hydrolysis? 

(a)NaCl (b)KCl (c)NH 4 Cl ^ (d) CHjCOONa 

12. Which of the following mixtures will be buffer? 

(a) CH 3 COOH + CH 3 COONH 4 

- (b) - HCl + NaCl ---^--- 

~4c)-Botax i boric acid---- 

(d) CH 3 COOH + CHjCOONa 

SECTION-III 

Assertion-Reason Type Questions 

This section contains 5 questions. Each question contains 
Statement-1 (Assertion) and Sfatement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement- 1 . 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 

a correct explanation for statement- 1 . ‘ ■ 

■(c) Statement-1 is true; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 

13. Statement-1: Mixture of CH 3 COOH and CH 3 COONH 4 is not 
a buffer solution. 

Because 

Statement-2: Acid buffer contains the mixture of weak acid 
and its salt with strong base. 

14. Statement-1: Addition of NH 40 Hto an aqueous solution of 
BaCl 2 in the presence of excess NH4CI, precipitates Ba(OH) 2 . 

Because 

Statement-2: Ba(OH )2 is soluble in water. 

15. Statement-1: pH of blood does not change inspite of taking 
acidic foods. 

Because 

Statement- 2 : Blood behaves as buffer solution. 

16. Statement-1: Borax forms alkaline aqueous solution. 

Because 

Statement-2: Borax is the salt of a weak acid (H 3 BO 3 ) and a 
strong base (NaOH). 

17. Statement-1: When the aqueous solution of CH 3 COONH 4 is 
diluted, then its degree of hydrolysis does not change. 

Because 

Statement-2: It is the salt of a weak acid and a weak base 
hence its degree of hydrolysis does not depend on the 
concentration. 
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SiCTION-IV 

Matrix-Matching Type Questions ,, 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. . 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Colunm-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correct bubbled 4x4 matrix should be as given: 


P q r s 



18. Match the Column-I with Column-II; 

Coliimn-l Column-II 

(Salt solution in (Nature of 

water) hydrolysis) 

(a) NaCl (p) Cationic hydrolysis 

(b) CHjCOONa (q) Anionic hydrolysis 

(c) NH 4 CN (r) Both cationic and anionic hydrolysis 

(d) NH 4 CI (s) Does not tmdergo hydrolysis 

19 . Match the Column-I with Coliunn-II: 

Column-I Column-II 

(a) H 3 PO 2 (p) Dibasic 

(b) H 3 PO 4 (q) Monobasic 

(c) H 3 PO 3 (r) Tribasic 

(d) H 3 BO 3 (s) Aprotic 

20. Match the Column-I with Colunm-II: 

_CoMran-I. .:_^ColumnJI ... . — 

(Salty (Degree of hydrolysis) _ 

(a) NH4CI ^ (p) No hydrolysis 

(b) NaCl (q)/i = 



(c) CHjCOONa 


{r)A = 



(d) CH 3 COONH 4 (s) h = 3 /^ 





1. (b) 2 . (a) 3. (a) 4. (d) 5. (c) 6 . (a) 7. (d) 

9. (a, b,c) 10. (b, c) 11. (a,b) 12. (c, d) 13. (d) 14. (d) 15. (a) 

17. (a) 18. (a-s) (b-q) (c-r) (d-p) 19. (a-q) (b-r) (c-p) (d-q, s) 20. (a-q, r) (b-p) (c-q) (d-s) 


8 . (a, b) 
16. (a) 

















IR^ION AND R€POGTION 

(Redox Reactions) 



Several chemical reactions involve transfer of electrons from 
one chemical substance to another. These electron-transfer 
reactions are termed oxidation-reduction or redox reactions. 
Redox reactions play a vital role in our daily life. These reactions 
are accompanied by energy dTiahges in the form of heat^ light, 
electricity, etc. Generation of electricity in batteries, production 
of heat energy by burning chemical substances, extraction of 
metals such as sodium, aluminium, iron, etc., manufacture of a 
number of useful products such as caustic soda, potassium 
permanganate, etc.; electrodeposition or electroplating are 
common examples of redox reactions. Before we discuss the 
application of redox reactions in the production of electricity in 
different cells and the electrolysis phendmenon, it will be proper 
to study first the basic concepts of oxidation-reduction. The 
present chapter deals with the basic fundamentals of 
oxidation-reduction. 

11.1 MOLECULAR AND IONIC EQUATIONS 

Consider the reaction between solutions of ferric chloride and 
stannous chloride. When they are mixed, ferrous chloride and 
stannic chloride are formed. The chemical change can be 
represented by the following equation; 

2FeCl3 + SnCl2 = 2FeCl2 + SnCl^ 

The reactants and products have been written in molecular 
forms; thus, the equation is termed as molecular equation. 
Since, the reactants and products involved in the chemical change 
are ionic compounds, these will be present in the form of ions in 
the solution. So, the above chemical change can be written in the 
following maimer also: 

2Fe^^ + 6Cr + Sn^^ + 2Cr ^ 2Fe^^ + 4Cr -t- Sn^^ + 4Cr 
or . - 2 Fe^-^ + Sn’-"-> 2 Fe^^ Sn'^^ 

The ferric ions combine with stannous ions to form ferrous 


ions and stannic ions. This is an ionic equation for the above 
chemical change. 

Ionic equations represent chemical changes in terms of ions 
which actually undergo reaction. The ions which do not underg o 
any electronic change during a chemical change are termed 
spectator ions. The spectator ions are not included in the final 
balanced equations. 

The rules to be followed for writing ionic equations are: 

(i) All soluble ionic compounds involved in a chemical change 
are’ expressed in ionic symbols and covalent substances are 
written in molecular form. H 2 O, NHj, NO 2 , NO, S 02 ,CO, 
CO 2 , etc., are expressed in molecular form. 

(ii) The ionic compound which is highly insoluble is 
expressed in molecular form. 

(iii) The ions which are common and equal in number on both 
sides, i. e. , spectator ions, are cancelled. 

(iv) Besides the atoms, the ionic charges must also be._ 
balanced on both the sides. 

.llZmX H Some Solved Examples\ JJJJ*!: 


Example 1. Write the following equation in ionic form. 

Mn02 + 4HCI -> MnCl2 + 2 // 2 O + C /2 

Solution: In this equation HCl and MnCl 2 are ionic in 
nature. Writing these compounds in ionic form, 

MnOj + 4H + + 4Cr = Mn -t 2Cr + 2 H 2 O + Clj ■ 

201 ” ions are common on both sides; so these are cancelled. 
The desired ionic equation reduces to, 

MnOj + 4H -I- 2Cr = Mn + 2 H 2 O- 1 - Clj 
Example 2. Represent the following equation in ionic form. 
K^CrjO-, -h 7 // 2 SC 4 + 6FeSO^ = SFej (SO 4 >3 + Cr 2 (SO^ )3 

+ lH20-i-K2S0^ 
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Solution: In this equation except H 2 O, all are ionic in 
nature. Representing these compounds in ionic forms, 

2K ■" + Cr207- + 14H ■*■ + 7 SO 4 " + 6 Fe^'*' + -> 

6Fe^+ + 9804- + 2Cr^'*' + 380^ + 2K'' + 804” + 7H2O 

2 K^ ions and 13804 “ ions are common on both sides, so these 
are cancelled. The desired ionic equation reduces to, 

0207 “ +14H'*' + 6 Fe^'*' = 6 Fe^'*' + 2Cr^'" + 7 H 2 O 

Total charges are equal on both sides; thus, the balanced ionic 
equation is the same as above. 

Example 3. Write the balanced ionic equation for the 
reaction of sodium bicarbonate with sulphuric acid. 

— Solut i en: — The molecular equ a tion - for the chemical change 

-is:___ 

NaHCOj +. H2804.'->Na2804 + HjOt CO, 

NaHC 03 , H 28 O 4 and Na 2804 are ionic compounds; so 
these are written in ionic forms. 

Na ^ + HCOi + 2H ■" + 80^"-> 2Na ^ + 80^ + H 2 O + CO 2 

Na"^ and 8 O 4 ” ions are spectator ions; hence these shall not 
appear in the final equation. 

HCO 3 + 2H^ -—>H 20 ^- CO 2 

To make equal charges on both sides, HCO 3 should have a 
coefficient 2 . 

2HC0i + 2H ^-> H 2 O + CO 2 

In order to balance the hydrogen and carbon on both sides, the 
molecules of H 2 O and CO 2 should have a coefficient 2 
respectively. 

2 HC 0 ; + 2 H = 2H2O + 2CO2 
or HCO 3 +H+=H 20 +C 02 

This is the balanced ionic equation. 

Example 4. Write the following ionic equation in the 
molecular form if the reactants are chlorides. 

2Fe^^ + Sn^^ -> 2Fe^^ + Sn^^ 

Solution: For writing the reactants in molecular forms, the 
requisite number of chloride ions are added. 

2Fe^'' + 6 Cr + 8 n^+ + 2Cr 

'-V-^ '-V- " 

or 2 FeCl 3 + 8 nCl 2 

8 imilarly 8 Cr ions are added on RHS to neutralise the 
charges. 

2Fe^'*' + 4Cr + 8 n'‘'*' + 4Cr 

-V-^ -V-^ 

or 2 FeCl 2 + 8 nCl 4 

Thus, the balanced molecular equation is 

2FeCl3 + 8nCl2 = 2FeCl2 + 8nCl4 
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OXIDATION AND REDUCTION 

Early Ideas of Oxidation and Reduction: The term oxidation 
was first used to describe chemical reactions in which oxygen 
was added to an element or a compound. The phenomenon of 
combustion was the earliest example of oxidation. Later on the 
term oxidation was extended to describe many more reactions 
which ocewred without the use of even oxygen. 

Oxidation is a process which involves: 

(a) Addition of oxygen: 

2Mg + 02= 2MgO (Oxidation of magnesium) 

8 + O 2 = 8 O 2 (Oxidation of sulphur) 

2C0+02 =2002 (Oxidation of carbon monoxide) 
Na2803 +H 2 O 2 =Na2804 +H 2 O 

_ (Oxidation of sodium sulphite) 

(b) Removal of hydrogen; 

H 28 + 01*2 = 2 HC 1 + 8 

(Oxidation of hydrogen sulphide)" 
4 HI + O 2 =2H20+2l2 

(Oxidation of hydrogen iodide) 

4HC1 + MnO* 2 - = MnGl-2-+-2H20 +-GI 2 - - — 

(Oxidation of hydrogen chloride) 

(c) Addition of an electronegative element: 

Fe + 8 *=Fe 8 (Oxidation of iron) 

8 nGj 2 + Gr 2 = 8 nGl 4 (Oxidation of stannous chloride) 
2Fe + 3 F 2 = 2FeF3 (Oxidation of iron) 

(d) Removal of an electropositive element: 

2KI + H 20*2 = 2K0H +1 2 (Oxidation of potassium iodide) 

2K2Mn04 + Cl *2 = 2KG1 + 2KMn04 

(Oxidation of potassium manganate) 
2KI + GI 2 = 2KC1 +12 (Oxidation of potassium iodide) 

A substance which brings oxidation is known as oxidising 
agent. The' substances marked with asterisk sign (*) in above 
equations are oxidising agents. 

Reduction is just the reverse of oxidation. 

Reduction is a process which ihvolves: 

(a) Removal of oxygen: 

CuO + C = Cu + CO (Reduction of cupric oxide) 
H 2 O + = CO + H 2 , (Reduction of water) 

Steam CnVe '"TT y ' 
coKe Water gas 

Fe 3 04 + 4 H 2 - 3Fe + 4 H 2 O 

(Reduction of magnetic oxide) 

(b) Addition of hydrogen: 

Cl 2 + H 2 = 2HC1 (Reduction of chlorine) 

8 + H 2 = H 28 (Reduction of sulphur) 

C 2 H 4 + H 2 = C 2 Hg (Reduction of ethene) 

(c) Removal of an electronegative element: 

2HgCl2 + 8nCl2 = Hg2Cl2 + 8nCl4 

(Reduction of mercuric chloride) 
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2 FeCl 3 + H 2 = 2 FeCl 2 + 2HC1 (Reduction of ferric chloride) 
2FeCl3 + H 2 S‘= 2FeCl2 + 2HC1 + S 

(Reduction of ferric chloride) 

(d) Addition of an electropositive element: 

HgCl 2 + Hg* = Hg 2 Cl 2 (Reduction of mercuric chloride) 
CuCl 2 ■ + Cu * = Cu 2 Cl 2 (Reduction of cupric chloride) 

The substance which brings reduction is known as reducing 
agent. The substances marked with asterisk sign (*) in the above 
equations are reducing agents. 

A substance, which undergoes oxidation, acts as a 
reducing agent whiie a substance, which undergoes 
reduction, acts as an oxidising agent. 

Mg, S, Cu, Na 2 S 03 , H 2 S, HI, H 2 , C, KI are reducing agents, 
while 02 ,Cl 2 ,F 2 , H 2 O 2 , Mn 02 , FeCl 3 , CUCI 2 , Fe 304 , CuO, 
^tc., aiE. oxidising agents in the ahnve examples.—,- 

All o xid ation and reduction reactinns-are-nomplimentaryi^rF 
one another and occur simultaneously, one cannot take place 
without the other. No single, oxidation and no single reduction 
process is known. The simultaneous oxidation and reduction 
reactions are generally termed as redox reactions. 

e.g., 2 FeCl 3 + SnCl 2 - rrT—2 FeGl 2 + SnCl 4 . . 

2 Fe-"^+Sn^+ —^ 2 Fe^'"+Sn‘^'" 

In above example iron undergoes reduction from +3 to +2 and 
tin undergoes Oxidation from +2 to +4. 

Redox reactions are divided into two main types: 

(i) Internroiecular redox: In such, redox reactions, one 
molecule of reactant is oxidised whereas molecule of other 
reactant is reduced. 

eg., NOi + H 2 S + H 2 O+H"" —^NH 4 + HSO 4 

_ Oxidised _ , | 

Reduced 

(ii) Intramolecular redox: One atom of a molecule is 
oxidised and other atom of same molecule is reduced then it is 
intramolecular redox reaction. 

e.g., 2Mn207-^ 4 Mn 02 +3O2 

11.3 MODERN CONCEPT OF OXIDATION 
AND REDUCTION 

According to the modem concept, loss of electrons is bxidation 
whereas gain of electrons is reduction. 

Examples of oxidation reactions are: 


Na- 

-^Na-" +e 

Zn — 

-^Zn^-" + 2 e 

Fe^^ - 

-^Fe^-" +e 

Sn^^- 
. -* 

+ 2 e 

H262- 

-^02 +2H^ - 

2S,0^ ^ 

^840^ +2e 


[Fe(CN) 6 ]"- -^ [Fe(CN) ^ + e 



MnO^- - 

-^Mn04 

+ e 

Examples of reduction 

reactions are: 



Cl 2 

+ 2e- 

-^2cr 



S 

+ 2 e- 




Cu^-" 

+ 2 e- 

-^Cu 


Mn04 

+ 8H^ 

+ 5 'e — 


+ 4H2O 

Cr207" 

+ 14 H^ 

+ 6 e — 

2 Ct^* 

+ 7H2O 

H2O2 

+ 2H^ 

+ 2 e- 

-^2H20 



Oxidation and reduction can be represented in a general way 
as shown below: 


Loss of electrons 


■> Oxidation 


- e — e - e — e — e — e - e -e 


4- 3- 2- 1- 01+ 2+ 3+ 4+ 

M M M M M M M MM 

, +e +e +e +e +e +e +e +e 

Reduction <- 

Gain of electrons 

In a redox process the valency of the involved species 
changes. The valency of a reducing agent increases while the 
valency of an oxidising agent decreases in a redox reaction. The 
valency of a free element is taken as zero. 

Increase iti valency 

-—^-—> Oxidation 

— 4 , — 3 , “ 2 , — 1 , 0 , + 1 , + 2 , + 3 , + 4 

Reduction <—-^-— 

Decrease in valency 

When there is no change in valency it means there is no 
oxidation or reduction, e.g., in 

BaCl 2 +H 2 S 04 -> BaS 04 + 2 HCl fNo change'! 

BaS 04 ——^Ba^'^+S 04 “ \invalencyj 

Conclusions 

(i) Oxidation is a process in which one or more electrons are 
. > losf'or valency of the element increases. 

(ii) Reduction is a process in which one or more electrons are 
gained or valency of the element decreases. 

(iii) Oxidising agent is a material which can gain one or more 
. , electrons, fe, valency decreases. 

(iv) |te4ucing agent is a material which can lose one or more 
i ; ■ electrons, L e, valency increases. 

. (v) Redox reaction involves two half reactions, one 
involving loss of electron or electrons (oxidation) and the 
other involving gain of electron or electrons (reduction). 
Examples: - 2 e 

I Oxidation ^ 

1 . 2Hg^'"+Sn^'"-^Hgf+Sn'^'" 

I .. +2e ■ t 

Reduction 
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+ 2e 

I Reduction J, 

2. Sn + 2Fe^* —-4 2Fe2-" + Sn ** 

I__I 

Oxidation 

+ 2e 

I Reduction ^ 

3. 2S20f+I 2 -> 840 ^- +21“ 

I _ -2e ] 

Oxidation 

11.4 ION-ELECTRON METHOD FOR 
BALANCING REDOX REACTIONS 

The method for balancing re dox reactions hy irm electron methnH 
was devel o p ed by Jette and LaMev i n 1927. It in volves the 
following steps: 

(i) Write down the redox reaction in ionic form. 

(ii) Split the redox reaction into two half reactions, one for 
oxidation and the other for reduction. 

(iii) Balance each half reaction for the number of atoms of 
each element For this purpose: 

(a) Balance the atoms other than H and O for each half 
reaction using simple multiples. 

(b) Add water molecules to the side deficient in oxygen and 
H''' to the side deficient in hydrogen. This is done in 
acidic or neutral solutions. 

(c) In aUcaline solution, for each excess of oxygen, add one 
water molecule to the same side and two OH ” ions to the 
other side. If hydrogen is still unbalanced, add one OH “ 
ion for each excess hydrogen on the same side and one 
water molecule to the other side. 

(iv) Add electrons to the side deficient in electrons as to 
equalise the charge on both sides. 

(v) Multiply one or both the half reactions by a suitable 
number so that the number of electrons become equal in 
both the equations. 

(vi) Add the two balanced half reactions and cancel any term 
common to both sides. 

The following solved problems illustrate the various steps of 
ion electron method: 

'iSJEkampie 5 . Balance the following equations by ion 
electron method. 

(a) FeCl^ + H^S -> FeCf +HCI + S 

(b) Cu + HNO^ -> Cu{NO^ \ + NO + H^O 

(c) Kl + Cf —^KCl + l2 

(d ) MnOj+HCl - >Mna2 +H2O + CI2 

(e) H2S + iWOj -> F2SO4 + NO2 + H2O 

Solution: (a) FeCl, + HjS —-4 FeClj + HCl + S 

Ionic equation, Fe^^ + HjS-^Fe^+ + H + S 

1st step. Splitting the redox reaction into two half reactions, 
H 2 S-> 2 H++S' Fe^^—-4Fe^-" 

(Oxidation half reaction) (Reduction haJf reaction) 

2nd step. Adding electrons to the side deficient in electrons. 


HjS-^2H^ +S + 2e^ 

Fe^-"+e—^Fe^* 

3rd step. Balancing electrons in both the half reactions, 

H 2 S-> 2H + + S + 2e 

2 Fe^^ + 2 c-> 2 Fe^‘^ 

4th step. Adding both the half reactions, 

H 2 S + 2Fe^+-> 2H ^ + S + 2Fe^^ 

Converting it into molecular form, 

H 2 S + 2Fe^^ + 6 Cr-> 2H + 2Cr .+ S + 2Fe^^ + 4Cr 

or H 2 S + 2 FeCl 3 -> 2HC1 + S + 2 FeCl 2 

(h) . Cu + HNOj -^-^lCuCNOjFj-* ^. 

lonicequation,- 7 -^- - 

Cu+H++NOi-^Cu^^+NO+HjO 

1st step. Splitting into two half reactions, 

Cu->Cu^^ ; NO 3 +H+^N 0 +H 20 

(Oxidation half reaaion) '' (Redtictibn half feSititin).. “ 

2nd Step. Adding H ^ ions to the side deficient in hydrogen, 

Cu->Cu^^ NO;+4H* ->NO+2 h7o 

3rd step. Adding electrons to the side deficient in electrons, 

Cu->Cu^^ + 2e; NOi +4H^ +3e->N0 + 2H20 

4th step. Balancing electrons in both half reactions, 

3Cu-> 3Cu + 6e; 2NOi + 8H ^ + 6e-> 2NO + 4 H 2 O 

5th step. Adding both the half reactions, 

3 CU + 2 NO 3 + 8 H*-43Cu^* + 2 NO+ 4 H 2 O 

Converting it into molecular form, 

3Cu + 2NOi + 8 H ^ + 6 NOi-+ 6 NO 3 + 2NO 

+ 4 H 2 O 

or 3Cu + 8 HNO 3 -) 3 Cu(N 03 ) 2 + 2NO + 4 H 2 O 

(c) KI + CI 2 —^KCl+l 2 

lonicequation, F + CI 2 -—>Cr +I 2 
Splitting into two half reactions, 

r —>1^; CI2 —->cr 

(Oxidation) (Reduction) 

Making number of atoms equal, 

2r— 4 I 2 ; - CI 2 —^2cr 

Adding electrons to the sides deficient in electrons, 

21 "->l 2 + 2 e; Cl 2 + 2 e—^ 2 Cr, 

Adding both the half reactions, 

2 r+ci 2 —>i 2 + 2 cr 

Converting it into molecular form. 
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2K + + 21 - + CI 2 ->I2 + 2Cr + 2K ^ 

or 2 KI + CI 2 ->I 2 + 2 KC 1 

(d) MnOj + HCl ^-> MnCl 2 + H 2 O + Cl 2 

Ionic equation, 

Mn02+H^+Cr-+H 2 O+CI 2 ' 

1st step. Splitting into two half reactions, 

cr -> CI 2 ; Mn 02 + H ^ > Mn^-" + H2O 

(Oxidation half reaction) (Reduction half reaction) 


2nd step. Adding H ions to the side deficient in hydrogen. 


cr 


MnO, + 4H 


^ Mn 


^Cl2 , iviiiv-/2 
3rd step. Making atoms equal on both sides. 


2+ 


+ 2 H 2 O 


2cr 


—^ CI 2 
'A'ddtnp 


MnOj + 4H 


+ 2 H 2 O 


i sidelieficienttnelec!rons7 


Mn02 +4H' 


^ 2 cr 


+ 2e-> Mn 


TCrrF 2 e'^ 


2 + 


+ 2 H 20 


Sth step. Adding both the half reactions, 

2 Cr + MnOj + 4H *-> Clj + Mn 

Converting-iUnto molecular form, 


2+ 


+ 2H,0 


Mn02 + 2Cr + 4H + 2Cr - 4 CI 2 + Mn^-^ + 2Cr + 2 H 2 O 
or Mn 02 + 4HC1-> MnCl 2 + CI 2 + 2 H 2 O 

(e) H 2 S + HNO 3 -> H 2 SO 4 + NO 2 + H 2 O 

Ionic equation, 

H 2 S + NO 3 -^N 02 +H 20 

1st step. Splitting into two half reactions, 

H2S-; NO3 ->N02+H20 

(Oxidation half reaction) (Reduction half reaction) 


2nd stq^. Add water to the side deficient in oxygen, 

H 2 S + 4 H 2 O->SOf+10H^ 

3rd step. Add ions to the side deficient in hydrogen, 

NOi + 2 H -> NO2 + H2O 

4th step. Add electrons to the side deficient in electrons, 

HjS + 4 H 2 O-> + lOH ■" + 8e 

NO3 + 2 H+ +e - )N02 +H2O ■ 


Sth step. Balancing electrons in both the half reactions, 
H 2 S + 4 H 2 O-+10H^ +8e 


[NO3 + 2 H + e-> NO2 + H2O] X 8 

6th step. Adding both the half reactions, 

H2S + 4H2O + 8NO; + 6H -> SO^ + 8NO2 + SHjO 

or HjS + 8 NO 3 + 6 H > SO^ + 8 NO 2 + 4 H 2 O 

Converting it into molecular form, 

H2S + 8HNO3-> H2SO4 + 8NO2 + 4H2O 


cl'. Example 6. Balance the following equations by ion 


electron method: 

(a) MnO; + + H ^ - 

+Fe'^^ +H 2 O 

(b) 

MnO^ +C20j^ +if ^- 

— +CO 2 +H 2 O 

(c) 

+1^ +H^- 

-^Cr^^ +I 2 +H 2 O 

id) 

Cr20^~ +SO 2 +H*- 

—+HSOf +H 2 O 

(e) 

I 2 + OH - - 

—^ 10 ; + /" +H 2 O 


if) 02+10^+OH- — >io^+a-+H20 

Solution: 

(a) Mn 04 + Fe^^ + H -> Mn + Fe^-" + H 2 O 

_^^^2 h. 

(Reduciion half reaction) (Oxidation half reaction) 

2nd step. Adding hydrogen ions to the side deficient in 
hydrogen, 

MnOJ + 8 H » Mn + 4 H 2 O.. 

3rd step. Adding electrons to the sides deficient in 
electrons, 

Mn04+8H*+5e-—>Mn^++ 4 H 2 O 
Fe 2 +->Fe^‘'+e 

4th step. Balancing electrons in both half reactions, 


Mn 04 +8H+ + 5e- 

-^Mn^"" + 4 H 2 O 

SFe^-" -- 

—»5Fe^-" +5e 


5th step. Adding both the half reactions, 

Mn04 +8H'" +5Fe^'" ->Mn^"' +5Fe^^ + 4 H 2 O 

(b) MnOi + CjOf + H -> Mn^^ + COj + HjO 

Splitting into two half reactions, 

■ Mn 04 + H ^ -»Mn + HjO; C20^ -^ 2 CO 2 

Balanced as in Question (a), 

Mn04 +8H'" +5e->Mn^-" + 4 H 2 O 

CjOj^ -> 2 C 02 + 2 e 

Balancing electrons in both half rea^iions, 

2 [Mn 04 + 8H + + 5e-> Mn + 4 H 2 O]; 

SICjO^-> 2 C 02 + 2 e] 

Adding both the half reactions, 

2Mn04 +16H^ +5C205' ->2Mn^+ +IOCO 2 h-SHjO 
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' (c)Cr20?” +1“ +H'"-> Cr^^ +I2+H2O 

1 St step. Splitting into two half reactions, 

+ H + H 2 O r->l2 

(Reduction half reaction) (Oxidation half reaction) 

2 nd step. Adding hydrogen ions to the side deficient in 

hydrogen, 

+] 4 H^-+7H2O 

3 rd step. Making atoms equal on both sides, 

Cr 20 ?- + 14 H'"-+7H2O ; IF->l2 

4 th step. Adding electrons to the sides deficient in 
electrons, 

Cr ^OT^ +I 4 H'^ + 6 e -> 2 Cr + 7H2 O _ 

...— 2 F-. .. 

5 th step. Balancing electrons, 

€1207- + 14 H"' +6e-> 2 Cr^"“ +7H2O 

3[2r->l2+2e] 

6th step. Adding both the half reactions, « 

Cr207- + 14 H^ + 6 r-> 2 Cr^'" +3I2 +7H2.O 

(d) Cr20^- + SO2 + H ^-> Cr^^ + HSO4 + H2O 

1 st step. Splitting into two half reactions, 

GjO^ + H -> Cr^-^ + HjO; SO2-> HSO4 

(Reduction half reaction) (Oxidation half reaction) 

2nd step. Adding H ions to side deficient in hydrogen, 

Cr 20 ?” + 14 H''->Cr^'" +7H2O 

3 rd step. Adding water to the side deficient in oxygen, 

SO2 + 2H2O-> HSO4 + 3 H ^ 

4 th step. Making atoms equal on both sides, 

Cr 207 " + 14 H -> 2 G^'' + 7H2O 

5 th step. Adding electrons to the sides deficient in 
electrons, 

Cr 207 ^+ 14 H++ 6 e-> 2 Cr^''+7H2O; 

SO2 + 2H2O-> HSO4 + 3 H ^ + 2 e 

6th step. Balancing electrons in both the half reactions, 

GjO^" + 14 H'" + 6 e-> 2 Cr^-" +7H2O 

[SO2 +2H2O->HS04 + 3 H'" + 2 elx 3 

7 th step. Adding both the half reactions, 

CrjO^- + 5 H-" +3SO2-> 2 Cr^'" +3HSO4 +H2O 


(e) I 2 + OH“- >103 +r + H 2 O 

1 st step. Splitting into two half reactions, 

I 2 +OH--jIOj+HjO; I 2 ->r 

(Oxidation half reaction) (Reduction half reaction) 

2nd step. Adding OH “ ions, 

I 2 + I20H“-> 2IOi + 6 H 2 O 

3rd step. Adding electrons to the sides deficient in 
electrons, 

I 2 +120H"-> 210 ; + 6 H 2 O + 10e; I 2 +2e->2r 

4th step. Balancing electrons in both the half reactions, 

I 2 + 120H--> 2 IO 3 + 6 H 2 O + lOe 

..5[l2^£" .=^Jl2FJ__'.. 

5th step. Adding both the half reactions, 

61 2 + 120H“ -—> 2 IO 3 +101“ + 6 H 2 O 

Dividing by 2, 

3 I 2 + 6 OH-—!>io;+5r+ 3 H 2 O - 

(f) CI2 +10; + OH- —> lOi + cr + H2O 

1st step. Splitting into two half reactions, 

10;+OH-—>io 4 +H26 ; CI2-—>cr 

<Oxidation half reaction) (Reduction half reaction) 

2nd step. Adding QH - ions, ,, 

IO 3 + 2 OH--^lOJ+HjO 

3rd step. Adding electrons to th^s sides deficient in 
electrons, 

103 + 20 H--> IO 4 + HjO + 2 e 

Cl 2 + 2e-^ 2C1 

4th step. Adding both the half reactions, 

10 ; + 20H- + CI 2 — 4 IO 4 + 2Cr + H 2 O 

11:5 OXIDATION NUMBER 
(Oxidation State) t 

It is defined as the charge (real or imaginary) which an atom 
appears to have when it is in combination. In the case of 
electrovalent compounds, the oxidation number of an element or 
radical is the same as the charge on the ion. This is the real charge 
and is developed by the loss and gain of electron or electrons. For 
example, in the electrovalent compound, sodium- chloride 
(NaCl), the charge on sodium and chlorine is _+l and -1, 
respectively. The charges have been developed by the transfer of 
one electron from Na-atom to Cl-atom. Thus, in NaCl (Na'^ CF ), 
the oxidation number of sodium is +1 and that of chlorine is - 1 . 

The oxidation numbers of atoms in covalent compounds can 
be derived by assigning the electrons of each bond to the more 
electronegative atom of the bonded atoms. For a molecule of HCl 
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both the electrons of the covalent bond are assigned to the 
chlorine atom since it is more electronegative than hydrogen. 


H 


° Cl ° 

X O 
0 o 


Thus, chlorine atom has one more electron than the neutral 
chlorine atom which brings one unit negative charge on chlorine. 
The oxidation number of chlorine in this compound is -1. The 
hydrogen atom has lost the only electron possessed by it, thus 
acquiring one unit positive charge. The oxidation number of 
hydrogen is, therefore, +1 in this compound. In the case of 
covalent bond between two identical atoms, ie., 
electronegativity difference is zero, the bonding electrons are 
shared equally between the bonded atoms, i. e ., no charge is 
developed on any of the atoms. Thus, the oxidation numbers of 
both chlorine atoms are zero in the molecule of chlorine. 

„ e. o 0 [in neutral chlorine atom, 

„ . 


7 electrons 


Cl 


7 electrons 


; 7 electrons are pre sent 
in the valency shell 


Counting of electrons in this fashion is not convenient in many 
molecules and therefore the following operational rules are 
followed which are helpful and convenient in determining the 
oxidation numbers; _ 

(i) The oxidation number (Ox.no.) of an atom in free 
elements is zero, no matter how complicated the 
molecule is, hydrogen in H 2 , sulphur in Sg', phosphorus 
in P 4 , oxygen in O 2 or O 3 , all have zero value of 
oxidation numbers. 

(iO The fluorine, which is the most electronegative element, 
has oxidation number -1 in all of its compounds. 

(iii) Oxidation number of oxygen is -2 in all compounds 
except in peroxides, superoxides and oxygen fluorides. 
In peroxides (Oj"), oxygen has oxidation number -1; in 
superoxides (O,), oxygen has oxidation number -1/2; 
and in OF 2 , the oxygen has an oxidation number + 2 . 

(iv) The oxidation number of hydrogen is +1 in all of its 
compounds except in metallic hydrides like NaH, BaH 2 , 
etc. Hydrogen is in -1 oxidation state in these hydrides. 

(v) The oxidation number of an ion is equal to the electrical 
charge present on it. 

(vi) The oxidation number of lA elements (Li, Na, K, Rb, Cs 
and Fr) is +1 and the oxidation number of IIA elements 
(Be, Mg, Ca, Sr, Ba and Ra) is +2. 

(vii) For complex ions, the algebraic sum of oxidation 
numbers of all the atoms is equal to the net charge on the 
ion. 

(viii) In the case of neutral molecules, the algebraic sum of the 
oxidation numbers of all the atoms present in the 
molecule is zero. 

The following solved examples illustrate the application of the 
above rales for finding out the oxidation number of an element in 
particular species: 

What is the oxidation number of Mh in 
KMn 0 ^andofSinNa 2 S 203 ? 

Let the Ox.no. of Mn in KMnO^ bex 


We know that. Ox. no. of K = +1 
Ox. no. of O = - 2 

So, Ox. no. K + Ox. no. Mn + 4(Ox. no. O) = 0 
or +1 + X + 4(—2) = 0 

or +1 + X - 8 -0 

or x = + 8 -l= + 7 

Hence, Ox.no. of Mn in KMn 04 is +7. 

Similarly, for S in Na 2 S 203 , 

2(Ox. no. Na). + 2(0x. no. S) + 3(0x. no. O) = 0 
2x(+l) + 2x + 3(-2) = 0 

X = + 2 

Hence, Ox.no. of S in Na 2 S 203 - + 2. 
ftlSlfiiaiinpIe 8. What is the oxidation number of Cr in 
K2Cr20-j? (Ranchi 1996) 


-SotHttQli: Xet theXM/no. dfOr inTC,Cr^ be 


We know that, Ox.no. of K = + 1 
Ox.no. of 0 = -2 

So, 2(Ox. no. K) + IfOx. no. Cr) + 7(Ox. no. O) = 0 

2(+l) + 2<x) + 7(-2) =0 

or +2 + 2x 14 =0 


or 


or 


2x= + 14-2= + 12 
12 

x = + — = + 6 
2 ■ 


Hence, oxidation number of Cr in K 2 Cr 207 is + 6 . 


SSS&mple 9 . What is the oxidation number of Fe in 
K.FeiCN),? 

Solution: Let the oxidation number of Fe be x. 

We know that, Ox.no. of K = +1 
, Ox.no.of(CN)’=-l 

So, 4(Ox.no. K) + Ox.no. Fe + 6 (Ox.no. CN^) = 0 
4(+l) + X + 6 (-l) =0 

or +4 + X - 6 =0 

or x = + 6 - 4 = + 2 

The oxidation number of iron in K 4 Fe(GN)g is +2. 

Example 10. Find the oxidation number of 
{a) S in SOl~ ion (b) S in HSO^ ion 

(e) Pt in \PtCf)^~ ion (d) Mn in (MnO^f ion 
Solution: (a) Let the oxidation number of S be x. 

We know that, Ox.no. of O = - 2 
So, Ox. no. S + 4(Ox. no. O) = 2 

or X + 4(-2) = - 2 

or X - 8 --2 

or x = + 8 - 2 = +6 

The oxidation number of S in SO 4 ” ion is + 6 . 

(b) Let the oxidation number of S be x in HSO 3 ion. 

We know that, Ox.no. of H = +1 
Ox.no. of 0=-2 
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So, Ox. no. H + Ox. no. S + 3(Ox. no. O) = -1 
+1 + .* + 3(-2) =-l 

or +1 + X- 6 =-l 

or ' ^ X - 5 =-l 

or x = + 5- l= + 4. 

The oxidation number of S in HSO 3 ion is + 4. 

(c) Let oxidation number of Pt be X 
We know that Ox.no. of Cl = -1. 

So, Ox. no. Pt + 6(0x. no. Cl) = - 2 

X + 6 (-l) =-2 

or X - 6 = - 2 

or x = + 6 - 2= + 4 

The oxidation number of Pt in [Pt(Cl) g ] ion is + 4. 

(d) -LeLoxidatioiuiumbexot-Mmbejc;^. 

We-knawThat,-Ox,no.-ofO =~--2. -- 

So, Ox. no. Mn + 4(0x. no. O) = -1 

X + 4(-2) =-l 

or X - 8 =-l 

or x= + 8 - l= + 7 

The oxidation number of Mn in [Mn 04 ]“ ion is+7. 

'i;TV*iExiinp,le 11. Which compound amongst the following has 
the highest oxidation number for Mn? 

KMnO ^, K 2 Afn 04 , MnOj and Mn-^O -^. 

Soiutian: 

KMn 04 +l + x-8=0 Ox.no. of Mn 

x=+7 +7 

K 2 Mn 04 +2 + x- 8=0 

X = + 6 . + 6 


[Ans. (a)] 

[Hint: Let oxidation state of S is x. 

x+4(-2) = -2 
x = + 6 ] 

2. Arrange the following in the increasing order of oxidation 

state of Mn: (JCECS2904) 

(OMn^^ ,(ii)Mn 02 (iii) KMn 04 (iv)K 2 Mn 04 
(a) (i) > (ii) > (iii) > (iv) (b) (i) < (ii) < (iv) < (iii) 

(c) (ii) < (iii) < (i) < (iv) (d) (iii) < (i) < (iv) < (ii) 

[Ans. (b)] 

[Hint: Mn^^ < MnOj < K 2 Mn 04 < KMn 04 ] 

(+ 2 ) (+4) '(46) (+7) 

3. Which of the following has least oxidation state of Fe? 

(jCiijCii. 2b'.?.#, 

(a) KjlFelOHlg] 

Tb)X 2 [Fe 04 ] - ^ 

-(c)TeSO^(NH 4 )^ 04 ^ 6 I^O- - 

(d) [Fe(CN)e]3- 
[Ans. (c)] 

[Hint; In mohr salt FeS 04 •(NH 4 ) 2 S 04 -bHjO, oxidation 
state of iron is +2 which is least. 

KjIFeiOHlg] -.. +y+x--6 = '0 x = + y"^' 

K 2 [Fe 04 ] +2 + x -8 = 0 x = + 6 

FeS 04 (> 1114 ) 2804 -bHjO + 2 state in FeS 04 (x - 2 = 0 ) 
Fe(CN)^ x -6 = -3 x = + 3] 

4; Oxidation state of carbon in HCOOH will be; 

(a)+l (b)+2 (c)-4 (d)0 

[Ans. (b)] 

[Hint: Let the oxidation state of carbon be x. 


Mn 02 x-4 = 0 

x=+4 +4 

Mn 203 2 x- 6 .= 0 

x=+3 +3 


Thus, the highest oxidation number for Mn is in KMn 04 . 
Sometimes, oxidation numbers have such values which at first 
sight appear strarige. For example, the oxidation number of 
carbon in cane sugar (C 12 H 22 O 11 ), glucose (CgH, 206 ), 
dichloromethane, etc., is zero.. 

Cane sugar(C, 2 H 22 0,1) Glucose(C6H,20g) 

12 xx + 22 xl+ll(- 2)=0 6 xx+ 12 xl+ 6 (~ 2)=0 

12 x + 22-22 = 0 6 x+ 12 -l 2=0 

So, x = 0 So, x =0 

Dichloromethane (CH 2 Cl 2 ) 

x + 2 xl + 2 (-l )=0 
i+ 2 - 2=0 
So, X = 0 




1. Oxidation state of S in SO 4 : [BCECE (.Medical) 20051 

(a) +6 (b) +3 

(c ).+2 (d )-'2 


2 + X - 4 = 0 
x = 2 ] 

S. Oxidation states of chlorine in HCIO 4 and HCIO 3 are: 

(a)+4,+3 (b)+7,+5 (c)+3,+4 (d)+5,+7 

[Ans. (b)] 

[Hint: HCIO 4 : + 1 + x - 8 = 0, x = + 7 
HCIO 3 : +l + x -6 = 0, x=+5] 

11.6 SPECIAL EXAMPLES OF OXIDATION 
STATE DETERMINATION 

1 . Oxidation state of snlphur in Na 2 S 4 Og: It is only average 
oxidation number of sulphur. Let us see the structure of 
Na 2 S 40 g. 

O O 

+ - T t- - + 

Na O—- S—S—S— S—ONa 

i i 

o o 

From the structure, it is clear that the sulphur atoms acting as 
donor atonls have +5 oxidation number (each) On the other hand, 
the sulphur atom involved in pure covalent bond formation has 
zero oxidation number. 


f. 














746 


G.R.B. Physical Chemistry For Competitions 


2. Oxidation number of sulphur in (€ 113)2 SO'(dimethyl 
sulphoxide); Here, oxidation number 0 = -2' oxidation 
number of each CHj group is + 1 . 

+ 2 + X — 2 = 0 or X = 0 

Thus, sulphur lies in zero oxidation state. 

3. Oxidation number of sulphur in perdisulphuric acid 
H 2 S 2 O 8 : It may be done only when the structure is drawn. 

O O 

T t 

H —O— S—O—O— S— O—H 

o o 

Oxidation number of S = x; oxidation number of H = +1; 
oxidation number of oxygen in peroxo linkage =- 1 ; oxidation 
number of othe r six oxygen atoms = -2 each. _ 

_r_-1''-... 

X = + 6 (oxidation number of sulphur) 

4. Oxidation number of sulphur in hypo, Na 2 S 2 O 3 ; Let 

the average oxidation number of sulphur be ‘x’. 

.. .+ 2 + 2 x- 6=0 x = +-2 . 

Structure of hypo may be drawn as— 

O 

+ - T - + 

NaS—S—ONa 

i 

O 

Here, the two sulphur atoms have different oxidation states; 

(i) Oxidation number of donor sulphur atom is +5. It gives 
up four electrons in coordination and one electron in 
covalent bond formation with oxygen. 

(ii) Sulphur, bonded with Na, lies in -1 state since one 
electron of Na lies towards the sulphur. Electrons of 
S—S bond are equally shared between two sulphur 
a:toms. 

Thus +5 and -1 are two oxidation states of the two sulphur 
atoms. 

5. Oxidation number of sulphur in peroxo monosulphuric 
acid(H 2 S 05 ) : Let us draw its structure. 

O 

T 

H^O—S—O—O—H 

i 

o 

Here, we have to consider Ox.no. of H = +1 

Ox.no. of oxygen in peroxo linkage = -1 
Ox. no. of rest of oxygen = - 2 
+ 2 +x- 6 - 2 = Oorx = +6 
Thus, sulphur in H 2 SO 5 lies in + 6 oxidation state. 

6 . Fe in its oxides, FeO, Fe 203 and Fe 304 : 

In FeO ——> x-2 = 0, x = + 2 

In FejOj->2x-6 = 0,x = +3 

In Fe 304 ->3x-8=0,x= + 8 / 3(fractional) 


Here, in Fe 304 , oxidation number is the average of those in 
Fe 0 andFe 203 . 

FeO+Fe 203 =Fe3 04 
Average oxidation number of Fe in 

Fe304=i^±^ = + ^ 

3 3 

7. Oxidation state of chromium in GrOj: CrOj has 

butterfly structure having two peroxo bonds 
O 

?\ II /? 

I /Cr I Peroxo oxygen has (-1) oxidation state. 

O O 

Let oxidation state of chromium be ‘x’. 

x + 4(-l)+(-2) = 0 

-^^...6--- 

-8r-Oxidation—state of-chlorine-in Weacfaing- 

powder: Bleaching powder has two chlorine atoms having 
different oxidation states. 


ca^-" (oci)" cr. .. 

(hypochloride ion) (chloride ion) 
Chlorine in Chlorine in 
r .■+Tstate.; ^I-state-- 


9. Fractional values of oxidation numbers are possible as in 


Na 2 S 406 , Fe 304 ,N 3 H,etc. 
Na 2 S 40 , 

^6304 

2x i+4x+6(-2) = 0 

3xx + 4(-2)=0 

2+4x-12=0 

3x-8 = 0 

4x= + 10 

00 

It 

10 

8 ^2 

X — d-+ 2.5 

X = + — or + 2- 

4 

3 3 

Oxidation number of 

Oxidation number of iron 

S is + 2.5 

is + 2 - 

N 3 H 

3 


3x+l = 0 
3x = -l 
x = -l/3 

Oxidation number of 
nitrogen is -1/3 

10. Oxidation state of carbon and nitrogen in HCN and 
HNC: We should take into consideration the following 
fundamental aspects of bonding while counting the oxidation 
state of covalently bonded molecules; 

(a) Single covalent bond contributes one unit for oxidation 
number. 

(b) Negative oxidation number is assigned to more 
, electronegative atom and positive oxidation number to less 

electronegative atom. 

(c) Coordinate bond is represented by an arrow from donor 
atom to acceptor atom. 

A -> B 

Donor Acceptor 
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If donor atom is less electronegative and acceptor is more, 
then + 2 state is given to donor and -2 state is given to acceptor. 

But it should be noted that if the donor is more electronegative 
than the acceptor, then contribution of coordinate bond for both 
atoms regarding oxidation state is neglected, eg., 

(i) H—C^N 
+ 1 + n — 3 = 0 

a = + 2 , 

Carbon is in +2 state and nitrogen is in - 3 state. Each bond 
contributes -1 state to more electronegative atom. 

(ii) H—N=C 

Oxidation state of H = +1 


Oxidation state of nitrogen = (-!)+ (-2) + (0) = - 3 

-bondj»itha:arbon-contabutes-(=2).and4here is-zero contribution 

of coordinate bond. Let the oxidation state of carbon be ‘x\ 

+ l-3 + x=0; x = + 2 

11 . FeQ 94 O (Oxidation state of iron is to be determined): 

0.94x-2 = 0 

x=2/0.94 = 2007'94' . 

12. NH 2 —NH 2 (Oxidation state of nitrogen is to be 
determined): 

2x + 4 = 0 
x = -2 

13. KI 3 (Oxidation state of iodine is to be determined): 

+ 1 + 3x = 0 

x = -1/ 3 
+i -1 0 

KI 3 is mixture of K I and I 2 . Thus, two iodine atoms lie in 
zero state and one lies in -1 state. 

14. Na 2 [Fe(CN)sNO] : In iron complex NO lies in NO^ 
state; thus oxidation state of ‘Fe’ may be determined as; 

+2 + x~5+l=0 
x = + 2 

15. [Fe(N0)(H20)s]S04: 

x + l + 5(0)-2=0 

X = +1 

16. NOCIorCl —N = 0: 

Oxidation state of chlorine = ■ 

Oxidation state of oxygen = - 
Thus, Oxidation state of nitrogen 

17. 8 x 30 ^ (Tribromo octa-oxide): 

-2 

o 


-1 

•2 


-2 

Ov 

-2 \+6 
0 = Br- 
-2^ 
o 


11+4 

Br- 


O 

-2 


-2 
yO 
+6 y/-l 
-Br = 0 

^o 


Average oxidation state - 


(+ 6) + (4) + (+6) 
3 


18. C 3 O 2 (Carbon sub-oxide): 


-2 +2 0 +2 -2 

0 = C = C= C =0 


3 


Average oxidation state = . 

ril4v7 OXIDATION NUAABERS (States) IN 
DIFFERENT TYPES OF ELEMENTS 


Zero group elements have zero oxidation number (state) as they 
do not show chemical activity while other elements have at least 
two oxidation states: zero when they exist in free state and 
positive or negative when they exist in compounds. Many 
elements show dif ferent oxidation states in different compou n d s. 
Jn the case of representative elements, the h ighest positive 
oxidation number (state) of an element is the same as its group 
number while the highest negative oxidation state is equal to 
(8 - group number) with negative sign with a few exceptions. 

(i) Alkali metals (lA) show uniformly +1 oxidation state, as 

they have configuration and have only a tendency to 
lose this electron. ^ - ;.. .. 

(ii) Alkaline earth metals (IIA) show a common oxidation 
state of +2 as they have ns^ configuration. 

(iii) Elements of group III A have ns^np^ outer shell 
configuration, suggesting +1 and +3 oxidation states 
corresponding to use of np or ns np electrons. 

(iv) Elements of ^oup FVA have ns^np^ outer shell 
configuration. They show oxidation states +4 (maximum) 
and - 4 (minimum). However, Sn and Pb show either +2 
or +4 oxidation states being metallic in nature. 

(v) VB elements have outer shell configuration ns^np^. 
They show oxidation states between +5 and -3. 

(vi) The elements of VIA (with the exception of oxygen) 
show maximum oxidation state +6 and minimum 
oxidation state -2. 

(vii) The elements of VIIA (with the exception of fluorine) 
show maximum +7 and minimum -1 oxidation state. 

(viii) Transition metals exhibit a large number of oxidation 
states due to involvement of (n - l)d electrons besides ns 
electrons.' 


The most common oxidation states of the representative 
elements are shown in the following table: 


Group 

Outer shell 
conflguratton 

Common oxidation numbers 
(states) except iero in tree Slate 

lA 


+ 1 

IIA 


+ 2 

IIIA 


+ 3,+ 1 

IVA 

ns^np^ 

+ 4,‘+ 3, + 2, “1" 1, — — 2, — — 4 ’ 

VA 

ns^np^ 

+ 5 ,+ 3 ,+ 1 ,- 1,-3 

VIA 

. . ns^np'^ 

+ 6, + 4 , + 2 , - 2 

VIIA 

ns^np^ 

+ 7, + 5, + 3, + 1,-1 
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VALENCY AND QXIDATION NUMBER 


Valency of an element means the power or capacity of the 
element to combine with other elements. The valency of an 
element is numerically equal to the number of hydrogen atoms or 
chlorine atoms or twice the number of oxygen atoms that 
combine with one atom of that element. It is also equal to the 
number of electrons lost or accepted or shared by the atom of an 
element. In every case valency of an element is a pure number 
and has no plus or minus sign associated with it, while oxidation 
number (state) is an arbitrary number which can have positive, 
negative, zero or even fractional value. For example, in the 
following compounds of carbon, the oxidation number varies 
from - 4 to + 4 but valency of carbon is 4 in all the compounds: 

Compound CH 4 CHsCl CH^Cli CHCI 3 CCI 4 

Ox.no. of carbon -4 -2 0 +2 +4 


Thus, valency and oxidation number concepts are different. In 
some cases (mainly in the case of electrov^ent compounds), 
valency and oxidation number are the same but in other cases 
they may have different values. Points of difference between the 
two have been tabulated below: 


1. 


Vateney.r 


[ (.Oaadation number 


It is the conibiniilg' capacity of the 
element. No plus or minus sign is 
attached to it. 


Ox.noT" is ‘thechargeTreal "or 
imaginary) present on the 
atom of the element when it is 
in combination. It may have 
plus or minus sign. 


2 . 


Valency of an element is usually 
fixed. 


Ox.no. of an element may 
have different values. It de¬ 
pends on the nature of the 
compound in which it is pres¬ 
ent. 


3- Valency is always a whole number. 


Ox.no. of the element may be 
a whole munber or fiactional. 


4. 


Valency of the element is never Ox.no. of the element may be 
zero except of noble gases._zero.__ 


Term 

Oxidafioh ilmiMber ' 

Oxidation 

Increases 

Reduction 

Decreases 

Oxidising agent 

Decreases 

Reducing agent 

Increases 


:^li^falhple 12. In the following reactions, identify the 
species oxidised, the species reduced, the oxidising agent and the 
reducing agent: 

ia) AHCl + MnOj = MnCl^ + IH^O + Cl^ 

ib) SnCf + TFeCf = SnCl^ + 2FeCl^ 

(c) 2 //^+Afg = Mg^^+//2 

(rf) H2S0^ + 2 H 2 S = 35 + SifjO 

Solution; (a) MnOj + 4HC1 = MnCl 2 + Cl 2 + 2 H 2 O 

Writing the oxidation numbers on various atoms, 

+ 4-2 +1-1 +2-1 0 +1-2 

MnOj + 4 HC 1 = MnCla + Cl 2 + 2H2O 


Ox.no. of Mn changes from +4 to +2, i.e., decrease in 
oxidation number. Mn 02 is thus reduced. It acts as an oxidising 


agent. Ox.no. of Cl changes from -1 to 0, i.e., increase in 
oxidation number. HCI is thus oxidised. It acts as a reducing 
agent. 

(b) SnClj + 2FeCl j = SnCl 4 + 2 FeCl 2 
Writing the oxidation numbers on various atoms, 

+ 2-1 + 3-1 + 4-1 + 2-1 

SnCl 2 + 2FeCl 3 = SnCl 4 . + 2 FeCl 2 

Ox.no. of Sn changes from +2 to +4, i. e. , increase in oxidation 
number. SnCl 2 is thus oxidised or it acts as a reducing agent. 

Ox.no. of Fe changes from +3 to +2, i. e., decrease in oxidation 
number. FeCl 3 is thus reduced or it acts as an oxidising agent. 

(c) Mg + 2H+- +E 2 

Writing oxidation numbers of various atoms, 

I Decrease <|> 

0 “ 6 

Mg + 2H^'- >Mg^^+H 2 

, 1_t 

Irwire^ 

Mg is oxidised, i. e. , it acts as a reducing agent. H is reduced, 
i. e. , it acts as an oxidising agent. _ 

(d) H 2 SO 3 + 2 H 2 S = 3S + 3 H 2 O 
Writing oxidation numbers on various atoms, 

Increase 

r ^ 

+ 1 +4-2 +1-2 0 +1-2 

H 2 SO 3 + 2 H 2 S- >3S+3H20 

I_^ 

Decrease 

H 2 SO 3 is reduced, i.e, it acts as oxidising agent. H 2 S is 
Oxidised, i. e ., it acts as reducing agent, 

)ri+SiExainple 13. Which one of the following reactions is a 
redox reaction? 

(a) CuSO^+AJNH^ -^ [CM(iVH -3 )4 ]5C>4 

{b)Na2S0^ + BaCl 2 -> BaSO,^ + INaCl 

(c) SO 2 + H 2 O -> H 2 SO 2 , 

{d ) 2C«504 + AKI -> CU 2 I 2 + '2K2SO^ +12 

Solution: The reaction in which change in oxidation 
numbers of some of the atoms takes place is termed as a redox 
reaction. 

+2+6--2 —4*2 —3—1 +6—2 

(a) CUSO 4 + 4 NH 3 -> [Cu(NH 3 )4 ] SO 4 

No change in oxidation number of any of the atoms. 

+ 1 +6 -2 +2 -1 +2 +6-2 +1 -1 

(b) Na 2 S O 4 + BaClj-> Ba S O 4 + 2NaCl 

No change in oxidation number of any one of the atoms. 

+ 4-2 +1 -2 +1 + 4-2 

(C) SO2 + H2O -^ H2SO3 

No change in oxidation number of any one of the atoms. 
+2+6-2 +1-1 +1 -1 +1 +6-2 0 

(d) 2 CUSO 4 + 4KI-> Cu 212 + 2 K 2 S O 4 +12 
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Oxidation number of Cu decreases from +2 to +1 and 
oxidation number of iodine increases from -1 to 0. 

Thus, out of the above four reactions, the reaction (d) is a 
redox reaction. 

Example 14. Explain why HNO^ acts only as oxidising 
agent while HNOj can act both as a reducing agent and an 
oxidising agent? 

Solution: Nitrogen can have oxidation numbers from -3 to 
+ 5 . The oxidation number of nitrogen in HNO3 is + 5 . Thus, 
increase in oxidation number beyond +5 cannot occur. Hence, 
HNO3 cannot act as reducing agent. The oxidation number of 
nitrogen in HNO3 can only decrease; thus it acts as an oxidising 
agent. In HNOj, the oxidation number of nitrogen is + 3 . Thus, it 
can increase or decrease within the range -3 to + 5 . Hence, it can 
act as an oxidising as well as a reducing agent. 


——- REACTIONS^ OXIDTSiTIOTOiaMBER 
METHOD 

In a balanced redox reaction, total increase in oxidation number 
must be equal to the total decrease in oxidation number. This 
equivalence provides the basis for balancing redox reactions, . 
This method is applicable to both molecular and ionic equations. 
The general procedure involves the following steps: 

(i) Write the skeleton equation (if not given, frame it) 
representing the chemical change. 

(ii) Assign oxidation numbers to the atoms in the equation 
and find out which atoms are undergoing oxidation and 
reduction. Write separate equations for the atoms 

i undergoing oxidation and reduction. 

(iii) Find the change in oxidation number in each equation. 
Make the change equal in both the equations by multi¬ 
plying with suitable integers. Add both the equations. 

(iv) Complete the balancing by inspection. First balance 
those substances which have undergone change in 
oxidation number and then other atoms except hydrogen 
and oxygen. Finally balance hydrogen and oxygen by 
putting H2O molecules wherever needed. 

The final balanced equation should be checked to ensure 
that there are as many atoms of each element on the right 
as there are bn the left. 

(v) In ionic equations the net charges on both sides of the 
equation must be exactly the same. Use H * ion/ions in 
acidic reactions and OH“ ion/ions in basic reactions to 
balance the charge and number of hydrogen and oxygen 
atoms. 

The following examples illustrate the above rules: 

/ - . Example 15. Balance the following equation by oxidation 
number method: 

. Cm + HNOj -> CuiNO^ >2 + NO2 + H2O 

Solution: Writing the oxidation numbers of all the atoms. 

0 +1+5-2 +2+5-2 +4-2 +1-2 

CU + HNO 3 >Cu(N 03)2 +NO 2 +H 2 O 

Change in Ox.no. has occurred in copper and nitrogen. 


0 +2 ^ 

Cu- >Cu(N 03)2 • ...(i) 

+ 5 +4 

HNO3-—.:.(ii) 
Increase in Ox.no. of copper = 2 units per molecule Cu 
Decrease in Ox. no. of nitrogen = 1 unit per molecule HNO3 
To make increase and decrease equal, eq. (ii) is multiplied by 2 . 

Cu -H 2HNO3 -> Cu(N03)2 + 2NO2 + H2O 

Balancing nitrate ions, hydrogen and oxygen, the following 
equation is obtained: 

Cu + 4HNO3-> Cu(N03)2 + 2NO2 + 2H2O 

This is the balanced equation. 


^ .stUtMSoMES oijgpB ^PLEsxig;!:: r 

'Es4mpie l6. Balance the following equation by oxidation 
number method: 


- 

Solution: Writing oxidation numbers of all the atoms. 


+ 2+6-2 +2+6-2 +1+6-2 +3 +6-2 +3+6-2 

K2Cr202 +FeS04 + H2SO4 =Cr2 (804)3 +Fe2 (804)3 

+1 +6-2 +1 -2 

+ K 28 O 4 +H 2 O 

Change in Ox.no. has occurred in chromium and iron. 

K^Cr'o^->Cr 2 ( 804)3 - (i) 

, +.2 . +3 . . - 

Fe 804 - > Fe 2 (SO 4 )3 ... (ii) 

Decrease in Ox.no. of Cr per molecule 


= ( 2 x 6 - 2 x 3 )= 6units 
Increase in Ox. no. of Fe per molecule = 1 unit 
Hence, eq. (ii) should be multiplied by 6, 

K2Cr207 + 6FeS04->Cr2(S04)3 + 3Fe2(S04)3 

To balance sulphate ions and potassium ions, 7 molecules of 
H2SO4 are needed, 

K2Cr202 + 6FeS04 -h 7 H 2 S 04 = Cr2(804)3 

+ 3Fe2(S04)3+K2S04 
To balance hydrogen and oxygen, 7H2O should be added on 
RHS. Hence, balanced equation is, 

K2Cr207 + 6FeS04 +7H2SO4 = Cr2 (804)3 

+ 3Fe2(804)3 + K 28 O 4 + 7 H 2 O 
Example 17. Balance the following equation by oxidation 
number method: 


K^Cr^O^ + HCl -—> KCl + CrCl^ + H^O + C/j 

Solution: Writing the oxidation numbers of all the atoms. 
■ +1 +6 -2 + 1-1 +1 -1 +3 -I + 1-2 0 

KjCrjO^ HCl-> KCl + CrCl3 + HjO + Clj 


The Ox.no. of Cr has decreased while that of chlorine has 
increased. 


+ 6 +3 


KjCrjO^->2CrCl3 ... (1) 

-10 

HCl-> Cl ... (ii) 

Decrease in Ox.no. of Cr = 6 units per molecule K2Cr207 


Increase in Ox. no. of Cl = 1 unit per molecule HCl 
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Eq. (ii) is multiplied by 6. 

K 2 Cr 207 + 6HC1-> 2CrCl^ + SCl^ 

To balance chlorine and potassium, 14 molecules of HCl are 
required. 

K2Cr207 +14HC1-2CrCl3 + 3 CI 2 + 2KCI 

To balance hydrogen and oxygen, THjO are added to RHS. 
Hence, the balanced equation is, 

K2Cr207 + 14HC1-> 2KC1 + 2CrCl3 + 3 CI 2 + THjO 

Example 18. Balance the following equation by oxidation 
number method: 

NalO-i +NaHSO^ - ^Na^SO^ + NaHSO^ +I 2 +H 2 O 

Solution: Writing oxidation numbers of all the atoms. 

+ 1 +5-2 . +1+1+4-2 +1 +6-2 +1 +1+6-2 0 +1-2 

NalOj TNaHSOj -^Na 2 S 04 + NaHS 04 +I 2 + H 2 O 

The i^xidation no. of I has decreased while that of S, has 

■■increase^:....^------ 

__:_± 5 ._(L;__ _ 

NalOj-> I ... (i) 

NaHSOj NaH ?04 ... (ii) 

Decrease in Ox.no. of I = 5 units per molecule NalOj 
Increase in Ox: no. of S = 2 units per molecule NaHS 03 

Eq. (i) is multiplied by 2 and eq. (ii) is multiplied by 5 as to 
make decrease and increase equal. 

2 NaI 03 +5NaHS03-+ 3NaHS04 + 2 Na 2 S 04 

To balance hydrogen and oxygen, one H 2 O molecule should 
be added on RHS. Hence, the balanced equation is 

2 NaI 03 +5NaHS03 +3NaHS04 + 2 Na 2 S 04 + H 2 O 

Example 19. Balance the following equation by oxidation 
number method: 

1 2 + NaOH -iVo/Oj + Nal + H 2 O 

Solution: Writing oxidation numbers df all the atoms, 

0 +1-2 + 1 + 1 + 5-2 +1 -1 +1 -2 

I 2 + NaOH > NalOj + Nal + HjO 

The Ox.no. of iodine has increased as well as decreased. 


0 

4-5 


I- 

-^NalOs 

... (i) 

0 



I- 

Nal 

... (li) 


Increase in Ox.no. of I = 5 units per I atom 

Decrease in Ox. no. of I = 1 unit per I atom 

Eq. (ii) should be multiplied by 5 as to make increase and 
decrease equal. 

31 2 ->NaI03+5NaI 

To balance Na, 6 molecules of NaOH should be added on 
LHS. 

31 2 + 6 NaOH-> NalOj + 5NaI 

To balance hydrogen and oxygen, 3 H 2 O should be added on 
RHS. Hence, the balanced equation is 

3 I 2 + 6NaOH-> NalOj + 5NaI + ^HjO 


Example 20. Balance the following equation by oxidation 
number method: 


PbS + H 2 O 


2^2 


■^PbSO^ +H2O 


Solution: Writing oxidation numbers of all the atoms, 

+2 -2 +1 -1 , +2 + 5-2 +1 -2 


Pb S + H,0 


-> PbSO. + H,0 


2*^2 

The oxidation number of S has increased and O has decreased. 
-2 + 6 ,' 

PbS-> PbS04 ... (i) 

-1 -2 

H 2 O ... (ii) 


H2O2 


Increase in Ox.no. of S = 8 units per PbS molecule 
Decrease in Ox.no. of O = 1 unit per ^ H 2 O 2 molecule 


_ = 2 units per H 2 O 2 molecu le 

_ Multiplying eq. (ii) by 4 as to make incre ase__ and decrease 

equal. 

PbS + 4 H 2 O 2 -> PbS04 + 4 H 2 O 

. This is the balanced equation. 

■'Example 21. Balance the following equation by oxidation 
number method: - . . -— 


Zn + HNO 2 , -> Zn{N02, )2 + NH^NO-^ + H 2 O 

Solution: Writing oxidation numbers of all the atoms, 

0 +1+5-2 + 2 + 5-2 - 3+1 + 5-2 ■ +1 -2 

Zn + HN,03 -^ Zn(N 03 )2 + NH4NO3 + HjO 

The oxidation numbers of Zn and N have changed. 

Zn->Zn(N 03)2 

4-5 -3 

HNO 3 


(i) 

(ii) 


^NH 4 N 03 

Increase in Ox.no. of Zn = 2 units per Zn atom 
Decrease in Ox. no. of N = 8 units per HNOj molecule 


Eq. (i) should be multiplied by 4 

.4Zn + HNO 3 -> 4 Zn(N 03 ) 2 + NH 4 NO 3 

To balance nitrogen, 9 molecules of HNO 3 should be added 
on LHS. 

To balance hydrogen and oxygen, 3 H 2 O molecules should be 
added on RHS. Hence, the balanced equation is 

4Zn -h IOHNO3 ^ 4 Zn(N 03)2 -L NH 4 NO 3 -h 3 H 2 O 

Example 22. Balance the following equation by oxidation 
number method: 


HgS -t- HCl + HNO 2 -> H2HgCl^ + NO+.S+ H 2 O 

Solution: Writing the oxidation numbers of the atoms. 

+2-2 +1-1 +1+5-2 +1 +2-1 +2-2 0 +1-2 

HgS + HCl + HNO 3 -> H 2 HgCl 4 + NO + S + HjO 


The oxidation numbers of S and N have changed. 
-2 0 

HgS->S 


+s 

HNO, 


... (i) 
... (ii) 


4-2 

^NO 
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Increase in Ox.no. of S = 2 units per HgS molecule 
Decrease in Ox. no. of N = 3 units per HNO 3 molecule 

Multiplying eq. (i) by 3 and eq. (ii) by 2 as to make increase 
and decrease equal 

3HgS + 2 HNO 3 -> 3S + 2NO 

Balancing Hg and chlorine, 

3HgS + 2 HNO 3 + 12HC1 —^3H2HgCl4 + 3S + 2NO ■ 

To balance hydrogen and oxygen, 4 H 2 O molecules are added 
on RHS. Hence, the balanced equation is 


lOAl + 6KMn04->5Al2(S04)3 + 6MnS04 + 3 K 2 SO 4 

To balance SO^'^ ions, 24 H 2 SO 4 molecules be added on LHS. 
lOAl + 6KMn04 + 24 H 2 SO 4 —^5Al2(S04)y + 6MnS04 

+ 3 K 2 SO 4 

To balance hydrogen and oxygen, 24 H 2 O molecules be added 
on RHS. Hence, the balanced equation is 

IDAl T 6KMn04 + 24H2SO4 -^,5Al2(S04)3 + 6MnS04 

+ 3 K 2 SO 4 + 24 H 2 O 


3HgS + 2 HNO 3 + 12HC1 3 H 2 HgCl 4 + 3S + 2NO + 4 H 2 O 

■ Example 23. Balance the following equation by oxidation 
number method: 


Solution; Writing oxidation numbers of all atoms. 


+S-2 


-2 +!' 


+7-2 


+1 -2 


CI2 + 10; + OH^ 


1 O 4 +cr +H 2 O 


Oxidation numbers of Cl and I have changed. 


. 0 

CI 2 

+ 5 
lOT 


.,,1 ^ 

-^ 2 cr 


+7 

1 O 4 


,. (ij 

(ii) 


Decrease in Ox.no. of Cl = 2 units per CI 2 molecule 
Increase in Ox. no. of I = 2 units per IO 3 molecule 


Gl 2 +IOi.- 


-^ 10 X + 2 C 1 ” 


To balance oxygen 20H ions be added on LHS and one 
H 2 O molecule on RHS. Hence, the balanced equation is 

CI2'' +10; + 20H“ ->104 + 2Cr + HjO 

Example 24. Balance the following equation by.oxidation 
number method: 


AI + KMnO^ +'// 2^^4 


-^Al^iSO^)^ +W 2 SO 4 


Solution: Writing oxidation numbers of all atoms, 

0 +i 4-7 ""2 4”1 4"6—2 4-3 4”6 “2 4’l'4'6“-2 

Al + KMn04 -FH2S04-^ AI2(804)3 +K2SO4 


+2+6-2 


+1 


+ MnS 04 + HjO 

The oxidation numbers of A1 and Mn have changed 

^- >^2 ( 804)3 -( 1 ) 


+ 7 

KMnO. 


+ 2 

>MnS 04 


+ MnSO^ + HjO 


^4 .. .7 IVJJ^I ... (ii) 

Increase in Ox.no. of A1 = 3 units per A1 atom 

= 6 unitsperAl 2 (S 04)3 molecule 
Decrease in Ox. no. of Mn = 5 units per KMn 04 molecule 

Multiply eq. (i) by 10 and eq. (ii) by 6 as to make increase and 
decrease equal 


IlilO DISPROPORTIONATION AND 
OXIDATION-REDUCTION 

One and the same subst ance may act si mult aneously as ..a 
o xidising agent and as a reducing agent with the result that a part 
of it gets oxidised to a higher state and rest of it is reduced to 
lower state of oxidation. Such a reaction, in which a substance 
undergoes simultaneous oxidation and reduction is called 
disproportionation and the substance is said to disproportionate. 
The following are some of the examples of disproportionation: 


IIncrease^ 
-I .-2 0 


(a) H 2 O 2 + H 2 O 2 


- 4 H 2 O+O 2 


Decrease 


+ 5 


Decrease ■ 

+7. 


>3KC104 -f KCl 


(b) 4 KCIO 3 

I _ Increase 


(C) 


(d) 


I ■ . Decrease " ^ 

0 ■ . +1-3 

4P + 3Na0H+ 3 H 20 —^ 3 NaH 2 P 02 -t PH 3 
I Increase ■ ^ 


I Decrease ^ 

0 Hot -1 . + 5 

3CI2 + 6 NaOH->SNaCl-i-NaClOj + 3 H 2 O - 

I (cone.) ▲ 

Increase 


(e) Oxidation state of chlorine lies between -1 to +7; thus 
out of C10“, CIO 2 , CIO 3 , CIO 4 ; CIO 4 does not undergo dispro¬ 
portionation because in this oxidation state of chlorine is highest, 
i.e., +7. Disproportionation of the other oxoahions are; 


+1 

3C10' 

+3 

6 CIO 2 

+5 

4C107 


-1 +5 

^ 2 Ci + cio; 


+5 -1 

-4 4 C 103 + 2 Cr 

-1 +7 

cr + 3C1O4 


Equivalent mass of substance undergoing disproportionation 
can be calculated by «-factor method: 
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Equivalent mass = 


Example: 


Molecular mass 
«-factor 


K-factor = 


n = 2 (loss of two electron) 


3 H,PO, 


.PH3 + 2H3PO3 


n-factor 


Equiv alent m ass of H3PO2 = 


n = 4 (gain of four electrons) 

4X2 4 

ictor =-= — 

4 + 2 3 

f u nr> Molecular mass 

L. H. 3 JlU _2 - - 

rt-factor 


taken, it is observed that both are oxidised. This is induced 
oxidation. 


NajSOj + O2 


tNa2S05 


NajSOj + NajAsOj->Na 3 As 04 +Na 2 S 04 

NajSOj + NajAsOj + O 2 ->Na 2 S 04 + Na 3 As 04 

1*11 FORMAL CHARGE 

In polyatomic molecule or ion the net charge is possessed by the 
ion or molecule as a whole and not by particular atom. For certain 
purpose formal charge (F.C.) is assigned to each atom. 

Formal charge Total number of Total number of 

(F.C.) on an atom _ valence electrons _ non-bonding 

in a Lewis struc- in the free atom (lone pair) elec- 

—tui -6 ---——--— ” ’ • — —- 

------- - ..- ---- 

' - i- X (shared 

2 electrons) (B) 


Formal charge 
(F.C.) on an atom 
in a Lewis struc- 


Total number of 
valence electrons 
in the free atom 

w-y— .- 


m AUTOXIDATION 

Turpentine and numerous other unsaturated compounds, 
phosphorus and certain metals like Zn and Pb can absorb oxygen 
from the air in presence of water. The water is oxidised to 
hydrogen peroxide. This phenomenon of formation of H2O2 by 
the oxidation of H 2 O is known as autoxidation. The substance 
such as turpentine or phosphorus or lead which can activate the 
oxygen is called activator. The activator is supposed to first 
combine with oxygen to form an addition compound, which acts 
as an autoxidator and reacts with water or some other acceptor 
so as to oxidise the latter. For example; 


Pb + O2 

(Activator) 


(Autoxidator) 

PbO + H,0, 


The turpentine or ot^^erSnsaturated compounds which act as 
activators are supposed to take-up oxygen molecule at the double 
bond position to form unstable peroxide called moloxide, which 
then gives up the oxygen to water molecule or any other acceptor. 

RCM=cm + 02 — >mc—cnR 


0—0 


-CI« + 2H,0- 


2 K 3 + H2O2 


: Cffi? + 2H2O2 


■ 2 KOH + I, 


The evolution of iodine from KI solution in presence of 
turpentine can be confirmed with starch solution which turns 
blue. 

With this concept, the phenomenon of induced oxidation can 
also be explained. Na2S03 solution is oxidised by air but 
Na 3AsOj solution is not oxidised by air. If mixture of both is 


The formal charge of atom in a polyatomic ion/molecule is 
defined as: ' 

F.C.^V-N--B 

2 

The formal charge is the difference between the number of 
valence electrons in an isolated (i.e., free) atom and the number 
of electrons assigned to that atom, in its dot structure. 

Let us calculate formal charge on each atom of ozone: 

Formal charge at oxygen number 1 

V = b,N = = A 




F.C.=V-N--B 
2 

=6-4--x4=0 

2 


Formal charge at oxygen number 2 

V = 6,N = 2,B = 6 

¥.C.=V-N--B 
2 

:=6_2-1x6=1 

,2 

Formal charge at oxygen number 3 

V = 6,N = 6,B = 2 

F.C. = 6 - 6 --x 2 = -l 
■ 2 

On the basis of formal charge, the structure of ozone nay be 
drawn as, 




we must note that formal charges do not indicate real charge 
separation within the molecule. 
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Fomal charges help in the selection of the lowest energy 
structure from a number of possible Lewis structures for a 
compound. The lowest energy structure means the structure with 
the smallest formal charges on each atom of the compound. 
Formal charge is based on the concept that electron pairs are 
shared equally by neighbouring atoms. 

Note: ( 1 ) A Lewis dot structure for a molecule is preferable when all 
formal charges are zero. 

( 2 ) In a dot Structure adjacent formal charges should be zero 
or of opposite sign. 

( 3 ) Among the several Lewis dot structure for same species, 
the structure with negative formal charges on more elec¬ 
tronegative'atom is preferred. 

Let us consider thiocyanate: 

Formal charges Total 


• » • • 

N 

C 

A 

S 

A 

j 

t 

StiucturelCN =C= S:)“ 

—1 


• — 

-1- 

Structure n C c’ = N = V 1 T 

+1 

-2 

0 

-1 

Structure III('C = S= Nt)’ 

-1 

-2 

+2 

-1 


Structure III will be correct structure because each atom has non-zero 
formal charge in the lowest energy state. 

Some illustrations of formal charge calculation: 


• • 

1. ,, I •• 

.Cl.—. f: 

.. .»• •• 

Formal charge at chlorine: 

V = 7,N = 4,B = 6 

F.C. = 7~4-ix6=0 
2 

Formal charge at fluorine; 

F = 7,iV = 6,5 = 2 

F.C. = 7-6--x2 = 0 
2 

t 

2. H—N — H 

1 I 3 

H 

2 

Formal charge at nitrogen: 

V = 5,N = 0,B = S 

F.C. = 5 - 0 -- 5 -x 8 = + 1 
2 

Formal charge at hydrogens 1,2^: 

V = l,N = 0,B = 2 

¥.C. = V-N--xB 
2 

=l- 0 --x 2=0 

2 
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Formal charge at hydrogen number 4: 

r = 0 ,N = 0 ,B = 2 

¥,C. = V-N--xB 
2 

= 0 - 0 --x 2 =-l 

2 

The, structure according to formal charge: 

H 

• I 

H—N^—H- 

r ■ ^ 

11.13 STOCK NOTATION 

'TnTheTX«npojmdst>fiHetelsr&e- 0 xidationiBumb®: 4 sT^resented _ 

—^by-die4R®mMEHura®ral5-plaeed4n-pareEthesis,-aftet4he-syinbjQLLQf_ 

the metal in the molecular formula. For example: 

(i) Cu 2 O (Cuprous oxide, oxidation state of copper = + 1 ); its 
stock notation will be Cu 2 ( 1 ) 0 . 

(ii) CuO (Cupric oxide, oxidation state of copper = + 2 ); its 

stock notation will ^ Cu(II) 0 ._ 

The stock notation is not used in case of compounds formed 
by non-metals. 


Stock Notation of Some Compounds 


Formula of 
compoliWcr 

Chemicai name of 

, 03 d^tipH 

S0ck 

-^"-im^lion-—- 

HAUCI4 

Chloroauric acid 

Au(+ 3 ) 

HAu(m)Cl4 

TI2O 

Thallous oxide 

Tl(+ 1 ) 

Tl2(I)0 

FeO 

Ferrous oxide 

Fe (+ 2 ) 

Fe(II )0 

FejOj 

Ferric oxide 

Fe(+ 3 ) 

Fe 2 (111)03 

CrjOj 

Chromic oxide 

Cr(+ 3 ) 

Cr2aU)03 

Cul 

Cuprous iodide 

Cu (+ 1 ) 

cu(i)i ; 

MnO 

Mangnese oxide 

Mn(+ 2 ) 

Mn(n)0 

Mn02 

Mangnese dioxide 

Mn(+ 4 ) 

Mn (IV) O2 

K2Cr207 

Potassium dichromate 

Cr(+6) 

Kr Crj (VI) O7 

KMi£)4 

Potassium permanganate 

Mn(+ 7 ) 

K Mn (VII) O4 

V2O5 

Vanadium pentoxide 

V(+ 5 ) 

V 2 CV )05 

FeS04 

Ferrous sulphate 

Fe (+ 2 ) 

Fe2(II)S04 

^^2(804)3' 

Ferric sulphate 

Fe(+ 3 ) 

Fej ail) (804)3 

CuClj 

Cupric chloride 

Cu(+ 2 ) 

Cu (II) CI2 


1 1:14 STOICHIOMETRY OF REDOX 
REACTIONS IN SOLUTIONS 

Calculations based on chemical equations are known as 
stoichiometry. A chemical equation is the symbolic 
representation of a chemical change. It gives the following 
informations used in solving the numerical problems based On a 
chemical equation: 
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(i) It gives the mimber of moles of the reactants and the 
products involved in the reaction. 

(ii) It gives relative masses of the reactants and products. 

(iii) It gives volume of the gaseous reactants and products. 
Problems based on chemical equations have also been dealt in 

Chapter- 1 . In this section, we will deal with redox reactions only. 
In the stoichioihetry of redox reactions, the chemical equations 
must be balanced. 

^ fc j^-ample 25 . Balance the following chemical equation: 

H20^+0^ - >H20 + 02 


Indicating the changes in oxidation numbers of oxygen, find the 
equivalent weight of H 2 O 2 for this reaction. (West Bengal 2005) 


Solution: H2O2 + O3 


► H2O + O2 


Balanced equation will be; 

H2O2 -I- O3 HjO + 2O2 

Equivalent mass of H2O2 = — = 17 


Summary AND Important Points to Remember 


products mvolved 


i a cnemical change are ’ 


forms in the che^cd^ equation, , it is tecmedK as molecular 
eqiiatiqn. Tie. chemical eta :wh.eii jreptesented in terms of 

ions which actudly undergo reaction are called ionic equations. 
The ions which do not undergo any change and equal in nuihber 
in both reactants and products are termed spectator ions and are 
notincluded in th e final ba l anced equations^:——-- 

AgNd3 + NaCl-> AgCl -L NaN03 (Molecular equation) 


Any material which is capable of accepting electron or 
electrons acts as an oxidising agent and the matmal which loses 
electron or electrons acts as reducing agents. 

Loss of electrons 

^> Oxidation ' ■ 


Ag'^+Cr-—»AgCl (Ionic equation) 

[NQj and Na"^ ions are spectator ions.] 

2 . .(J^datiqnLAnd^iseiliiction: ...Oxidation is a process which 
involves either of the following; 

(i) addition of oxygen, 

(ii) reihoval of hydrogen, 

(iii) addition of an electronegative element or group, 

(iv) removal of an electropiositive element or group, 

(v) increase in the valency of an electropositive elenient, 

(vi) Toss of one or more electrons by an atom or an ion or a 
molecule. 

Reduction is just reverse of oxidation. It is a process which 
involves either of the following: 

(j) removal of oxygen, 

(ii) , addition of hydrogen, 

(iii) removal of an electronegative element or group, . 

(iv) addition of an electropositive element or group, 

(v) decrease inthe valency of electropositive element, 

(Yi); gaih'of one or tnore electrons by an atom or an ion or a 
i molecule. 

A substance which uiidergoes oxidation or gets oxidised acts 
as a reducing agent while a substence which undergoes 
reduction of gete reduced acts as an oxidising agent. 

All oxidatibh-reductioh reactions afe con^limentary of one 
another and occur simultaneously. Oxidation-reduction reaction 
is termed redox reaction. The word “redox” includes 
red -h ox; red means reduction and ox means oxidation. In redox 
reaction one substance undergoes oxidation and the other 
'substance undergoes reduction, i.e., the reaction between a 


”4 —3 ~2 —I Q 4 I +2 ‘ 43 +4 

M M . U . M . M , M . _ M .M-- 

■¥e +e -Le +e +e 

Reduction <- ^————-—- • 

Gain of electrons 

3 . Ion electron method for balancing redox reaction: The 
following steps are followed: 

(i) Ionic equation of redox reaction is first written. 

(ii) The ionic reaction is split into two half retaons, one for 
oxidation and the other for reduction. 

(iii) Each half reaction is balanced for die number of atoms of 
each element. For this purpose: (a) First of all atom 
other than H and O for each half reaction are balanced 
using simple multiples, (b) In acidic and neutral 
mediums, H ions are added to the side deficient in 
hydrogen and water molecules to the side deficient in 
oxygen, (c) In alkaline medium,- for each excess of 
oxygen atom, one water molecule is added to the same 
side and two OH“ ions to the other side. If hydrogen is 
still unbalanced, one OH“ ion is added for each excess of 
hydrogen on the same side and one water molecule to the 
other side. 

(iv) Electrons are added to the side deficient in electrons as to 
equaUse the charges on both sides of the half reactions. 

(v) Electrons are made equal in both the half reactions by 
multiplying one or both the half reactions by a suitable 
number. 

(vi) Both the balanced half reactions are added and any term 
common to both sides is cancelled. 

4 . Oxidation number or oxidation state: It is defined as 
the charge (real or imaginary) which an atom appears to have 
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when it is in combination. In the case of electrovalent 
compoimds, the oxidation number of an element or radical is the 
same as the chaige on the ion. The following rules am followed in 
ascertaining the oxidation number in any type of compounds: 

(i) The oxidation number of an atom in free elements Ts zero 
no matter how complicated the molecule is. 

(ii) The oxidation number offluorine is always- 1 . 

(iii) The oxidation number of oxygen is -^2 in all compounds 
except in peroxides, super oxides and oxygen fluorides. 

(iv) The oxidation number of hydrogen is +1 in all of its 
compounds except in metallic hydrides. In metallic 
hydrides, oxidation number of hydrogen is -1. 

(v) The oxidation number of an ion is equal to the electrical 
charge present on it 

(vi) The oxidation number of alkali metals is +1 and that of 

-—alka line^arth igetals ^ i ? i i , r . 

—(jaiTJoruamplex ions, the a,lgebraic sum o f oxidation no. of 
all the atoms is equal toT the net charge Oh die ion. 

(viii) in the case of neutral rhblecules, the algebraic sum of the 
oxidation numbers of all the atoms present in the 
molecules is zero. 

Oxidation numbers are quite arbitrary. The values may be 
posifiveTriegaiTC, zero and even liactionairMahy elemenfi^Bo^ 
different oxidation numbers in different compounds. In the case 
of represehtative elements, the highest oxidation number of an 
element is the same as its group number while highestnegative 
oxidation number is equal to (8-group number) with negative 
sign with a few exceptions. 

lA elements +1 VA elements -3 to +5 

IIA elements +2 VIA elements ~2 to +6 

IIIA elements + 3,+1 VIIA elements -lto +7 

rVA elements -4 to +4 

The valency and oxidation number concepts are different. In 
some cases (electrovalent compounds), valency and oxidation 
number are the same but in other cases they have different values. 
Valency of an element is usually fixed while oxidation number 
may have different values. 

5 . Oxidation and reduction in terms of change in 
oxidation numbers: Oxidation and reduction are deffhed on 
the basis of change in oxidation number. 


Oxidation is a process in which an atom undergoes algebraic 
increase in oxidation number and reduction is a process in which 
an atom undergoes algebraic decrease in oxidation number. In an 
oxidising agent, there is always decrease in oxidation number and 
in reducing agent, there is always increase in oxidation number. 

6 . INhuntitag o^atimMrodm^taaB rtskOttsMiK by 
number uK^liod; 

(i) The skeleton equation of the chemical change is written. 

(ii) Oxidation numbers are assigned to atoms in the equation. 
The atoms in which change in oxidation number has 
taken place are selected and two half reactions involving 
oxidation and reduction are selected. 

(iii) Change in oxidation numbers in both the equations is 
made equal by multiplymg with suitable integers and 
then both the equations are added. 

(iv) First of all, those substances a re balanced which have 

---*'* - ' i ll *' ( i I .~ , -f fc W ^ , .1.-. ; . — --- 

_ undergone change in oxidation number and then other 

atoms except .hydrogen and oxygen: Finally hydrogen 
and oxygen are balanced. 

In ionic equations, the net charges on both sides are made 
equal. ions in acidic reactions and OH” ions in baac reactions 
are used to balance the chafge and number of hydrogen and 
^mxygenratemsf—' - ' ”7 

7 . Autoxidatioa: Certain materials such as turpentine, 

olefinic compounds, phosphorus, metals like zinc and lead, etc., 
can absorb Oxygen from the air in presence of water and the water 
is converted to hydrogen peroxide. This phenomenon of 
formation of H20^ by oxidation of H2O is known as 
autoxidation. The iriaterihl which absorbs oxygCT ariffk:tivates 
it, is called the activator. The addition compoimd of activator 
and oxygen is termed autoxidator. This reacts with water or 
some other acceptor so as to oxidise the latter, 7 , \ 

8 . Disproportionatioii; One and the same substance may 
act simultmeously as an oxidising agent md as a reducing agetit 
with the result that a part of it gets oXidisSl and rest of it is red¬ 
uced. This nature of the change is tenned disproportldnatioiii-^ 
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Questions 



Matrix-Match Type Qilestions 

[A] Match the Column-I with Column-II: 

Column-I. 

Column-II 

(Compound) 

(Oxidation state) 

(a) CrOj 

(P) +6 

(b) H2SO4 

(q) +1 

(c) CaOCl2 

(r) -1 

(d) (CH3)2S0 

(s) 0 


[B] Match the Column-I with Column-II: 

Columo -1 Column-U 

(Redox process) (ii-factor for 

uoderUned species) 

—(a)—AS 2S3 (p) 28 

(c) H3P02^PH3 + 2H3P03 (r) 1 

(d) H3P02+NaOH^ (s) 5/3 

NaH2P02 + HjO 

[C] Mate! We Cdlimn-Twith Cdlumh-II: 


CoIumn-I 


Column-n 

(Compound) 

(Oxidation state of 
nitrogen) 

(a) MgjNj 

(P)-I 


(b) NO 

(q)+2 


(C) (N2H5 ) 2 S 04 

(r) -2 


(d) NH2OH 

(s) -3 



[D] Match the Column-I with Column-II: 


CoIumn-l 

(Compound) 

(a) CrOj 

(b) Na2S203 . 

(C) H2SO5 
(d) H2S2O7 


Column-II 
(Oxidation state of) 

(p) Oxygen is -2 

(q) Oxygen is -1 

(r) Sulphur is +6 

(s) Sulphur is +2 


[E] Match the Column-I with Column-II: 

Column-I Column-II 

(a) (NH4)2Cr207 (p) Intemolecular redox 

N2 +0-203+4H2O «®tion 

(b) Pb02 + HjO PbO + H2O2 (q) Disproportionation 

(c) O2O3 + 2 A 1 —> AI2O3 + 2 Cr (r) Intramolecular redox 

reaction 


(d) CI2 + 20 H” (s) Metal displacement 


C 10 “ + a +H 2 O 

2 . Indicate which of the substance/ion in the following reactions 
is an oxidising agent and which is a reducing agent? 

(i) 2FeCl3 + SnCl2-> 2FeCl2 + SnC^ 

(ii 2 Mg + SO 2 -> 2 MgO + S 


(iii) 2 SO 2 + O 2 -> 2 SO 3 

(iv) Ca + CI 2 —4 CaCl 2 

(v) Sn^-" + 2Hg^* —^ Hgf + Sn'‘* 

(vi) 2Cu + 4r-> 2CuI +12 

(vii) 21“ + H 2 Q 2 —^ 20ir +12 

(viii) SO 2 + 2 H 2 S->3S + 2 H 20 

(ix) SO 2 + 2 HNO 3 -> H 2 SO 4 + 2 NO 2 

(x) SO 2 + CI 2 + 2 H 2 O-> 2HC1 + H 2 SO 4 

3. Which substance/ion is oxidised and which substance/ion is 
reduced in the following reactions? 

(i) PbS + 4 H 2 O 2 -> PbS04 + 4 H 2 O 

(ii) H 2 S + 2FeCl3-> 2FeCl2 + 2HC1 + S 

-- 

(v) 2 Mn 04 + 16H* + 5 C 2 O 5 - —^ 2Mn^^ + SHjO + IOCO 2 

(vi) 3N2H4 + 2B1O3-> 3N2 + 2Br- + 6H2O 

(vii) GI 2 + + H 2 O-» 2 cr + sc^- + 2 ir 

(viii) 21 - +CI 2 - >2Cr +I 2 

4; Arrange the following'in theTrrder off 

(a) increasing oxidation number of iodine: 

I 2 , HI, HIO 4 , ICl 

(b) increasing oxidation number of chlorine: 

CI 2 O 7 , CljO, HCl, Cli^, CI 2 

(c) increasing oxidation number of nitrogen: 

NHj, N 3 H, N 2 O, NO, N 2 O 5 
5. Find the oxidation number of: 

(i) linKIOj 

(ii) PinNaH 2 P 04 

(iii) PinPjO^- 

(iv) Fein[Fe(CN) 6 ]‘^' 

(V) Niin[Ni(CN)6]^ 

. (vi) SinH 2 S 20 fe 
(vii) N in no; 

(viii) SinS 2 Cl 2 ; 

(ix) PmMg2P207 

(x) Cr in K 2 Cr 207 (Ranchi 1996) 

(xi) Mn in MnO; 

(xii) PtinEPtClfif- 
(xiii) P in PH 4 *^ 

(xiv) CinC,2H220„ 

(XV) Fe in Na 2 [Fe(CN) 5 NO] 

(xvi) Cr in (NH 4 ) 2 Cr 207 
(xvii) VinRb4Na[HVio028] 

(xviii) Xe in BaXeOg 
(xix) Cl in Ca(C 102)2 
■fxx) NiinNi(CO )4 
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6. (a) Which compound among the following has the lowest 

oxidation number of Mn? 

KMn04, K2^^04> Mn02 and Mn20^ 

(b) Which compoxmd among the following has the highest 
oxidation number of P? 

PHj, H3PO2, PCI3, H3PO4 

(c) Which compoxmd among the following has the zero 
oxidation state of carbon? 

CH4, CH3CI, CH2CI2, CHCI3, CCI4 

(d) Which compound among the following has the lowest 
oxidation number of chlorine? 

HCIO4, HOCl, CIF3, HCIO3, HCl 

Short Answer Type 

7. Balance the following equations by ion electron method: 

_(i) Mn04 + Fe^"^ -— » Mn^ "^ + Fe^'^_+ H 2O (acid ic medium)^ 

" —(n^^-MnOi" +~Sn^^~+“H20“'"'^MnG^+~Sn0|^+-0tF- 

(alkaline medium) 

(iii) Cu + NO3 + 8H^-> Cu{N03)2 + no + H2O 

(acidic medium) 

(iv) CI2 + IO3 + OH”-> t04 + Cl + H2O 

- -- - -- - (alkaline-medium) 

(v) I2 + NaOH-> NaI03 + Nal + H2O (alkaline medium) 

(vi) Zn + NO3 + OH”-> ZnO^” + NH3 + H2O 

(alkaline medium) 

(vii) Cr(OH)3 + CIO” + OH”-> CrO^ + Cl” + H2O 

[Hint: Half reactions 

[Cr(OH)3 + 50 H” -> CrO^ + 4H2O + 3 e] x 2 


[QO” + H2O + 2 e 

1->Cr + 20H”]x3 

2Cr(OH)3 + 40H- + 3C10” 

-> 2CrO^” + 30” + 5H2O ] 

(viii) AS2S3 + NO3 + H^ + H2O-) H3ASO4 + NO + S 

[Hint: Half reactions 

[AS2S3 + 8H2O — 

-4 2H3ASO4 + 3S + lOH-" + lOe] X 3 

[NOi + 4H'"+3e- 

NO + 2H2O] X10 

3AS2S3 + 4H2O + IONO3 + lOH'"- > 6H3ASO4 + 9S + lONO ] 

(ix) Zn + H^ + NO3 - 

^Zn^-" +NHJ +H2O 

(x) P4 + OH” +H2O- 

-> H2PO2 + PH3 

[Hint: Half reactions 

[P4 + 80H” 

->4H2P02 +4e]x3 

P4 + I2H2O + 12e 

-> 4PH3 + 120H” 

4P4 + 120H” + I2H2O 

- > I2H2PO2 + 4PH3 

or P4 + 30H” + 3H2O 

->3H2P02+PH3 ] 

(xi) HgS + Cl” + + NO3 -> HgCl^ + S + NO + H2O 

[Hint: Half reactions 

[HgS + 4cr - 

->HgCl^ + S + 2e]x3 

[NO3 +4H+ +3e- 

-> NO + 2H2O] X 2 

3HgS + 12Cr + 2NO3 + SH"" - 

—> 3HgCl4” + 3S + 2N0 + 4H2O ] 

(xii) Co^-^ + NO2 + H" - 

-> Co^"^ + NO + H2O 

(xiii) Crl3 + H2O2 + OH” 

-> CrO^ + IO4 + H2O 


[Hint: Half reactions 

[Crij + 320H”-> CrO^” + 3IO4 + I6H2O + 27e] x 2 

[H2O2 + 2e-> 20H” ] X 27 

2Crl3 + 27H2O2 + lOOH”-> 2Cr04” + 6IO4” + 32H2O ] 

(xiv) Mn04 + H^ + H2O2-> Mn^"^ + H2O + O2 

[Hint: Half reactions 

[Mn04+8H"+5e-> Mn+ 4H2O] x 2 

[H2O2-> 2H'' + O2 + 2e] x5 

2Mn04 + bH-^ + 5H2O2-> 2 Mn^'^ + 8H2O + 5O2 ] 

(XV) C2H5OH +12 + OH”-> CHI3 + HCO2 +1” + H2O 

[Hint: Half reactions 

[C2H5OH + XI2 + 60H”-> CHI3 + HCO2 + 5H2O + 5e] X 2 

r- [I2 + >2r ]x5 

2C2H5OH + 8I2 + 120H” — > 2CHI3 + 2HCO2 + lor + IOH2O 
or C2H5OH + 4I2 + 60H”-> CHI3 + HCOj + SC + 5H2O ] 

(xvi) Cr207“ + H^ + 0204”-> Cr^"^ + CO2 + H2O 

(xvii) Ag"^ + ASH3 + H2O-> H3ASO3 + H*" + Ag 

(xviii) Mn02 + OH” + O2-> MnO^” + H2O 

[Hint: Half reactions 

[Mn02 + 40H”-> MnO^ + 2H2O + 2e] x 2 

O2 + 2H2O + 4e -> 40H” 

2Mn02 + 40H” + O2-> 2MnO^~ + 2H2O ] 

8. Balance the following equations by oxidation number method. 

(i) CO + Fe304 - > FeO + CO2 

(ii) H2O2 + CIO2 + OH”-> Cl + O2 + H2O 

(iii) Cr20^” +1” + H"-> Cr^-" +12 + H2O 

(iv) Cr20^” + HNO2 + H"-> Cr^-^ + NO^ + H2O 

(v) KI + H2SO4-^ K2SO4 +12 + SO2 + H2O 

(vi) HgS + HCl + HNO3-> H2Hgl4 + NO + S + H2O 

(vii) [Fe(CN)6]^” +N2H4 + OH” ^ [Fe(CN)6]'*” +N2 + H2O 
[Hint: Two half reactions 

[fI(CN>;]^ ->[Fe(CN)b]^ 

(change in Ox.no. per Fe atom =-1) 

-2 0 

N2H4->N2 

(change in Ox.no. per N atom = + 2) 

Total increase = 2 x (+2) = + 4 

4[Fe(CN)6]^ + N 2 H 4 -> 4[Fe(CN)6]‘'” + N 2 

[4Fe(CN)6]^ + N2H4 + 40H”-> 4[Fe(CN)6]‘'” + N2 + 4H2O] 

(viii) MnOj” + H"-> Mn02 + MnO^ + H2O (IIT 1994) 

VI rv 

[Hint: MnO^” -> Mn02 

VI VII 

[Mn04 ->Mn04]x2 

3Mn04“ + 4H+-> 2 Mn 04 + Mn02 + 2 H 2 O] 
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(ix) HNO 3 + CujO-> Cu(N 03)2 + no + HjO 

(x) AUCI 4 + + HT-^ Sn*-" + AuCl + HCl 

(xi) S + Oir-> 

[Hint; S-(decrease of 2) 

0 

2S-> SjOj" (increase of2 per S atom)] 

(xii) NaClO, + KI + HCl-> NaCl + KCl + + HjO 

(xiii) PbCr 04 + H 2 SO 4 + FeS 04 -> Fe 2 (S 04)3 + PbS 04 

+ Cr2(S04)3 + H 2 O 

(xiv) As + HNO 3 -> H 3 ASO 4 + NO 2 + H 2 O 

(xv) Fe 2 (S 04)3 + H 2 SO 3 + H 2 O —^ FeS 04 + H 2 SO 4 


(xvi) CgHjjOfi + H2SO4-> CO2 + SO2 + H2O 

9 . Balance the following equations: 


D u s ptr • p u 

CaSiOj^-^+GO 

r2H4 >-rti 3 —+-r 4 tl 2 

[Mat; 3 x [P2H4 + 2 H'' + 2 e - 
2P2H4 - 

2PH3] 

— >P4H2 + 6H'' + 6 e 

5P2H4 - 

6PH3 + P4H2 ] 

(iii) Na 2 HAs 03 + KBt 03 + HCl - 
[Htot; [HAsO^ + H2O - 

BrOj+6ff +6e- 

■^NaCl+ KBr + H3As04 
—> H 3 As 04 + 2 e] X 3 
—> Br- + 3H2O 

3 HAsO^- + BrOi + 6ff + 3H2O — 
or 3Na2HAs03 + KBr03 + 6Ha — 

-^ 3 H 3 As 04 + Br- + 3H2O 
-+3H3ASO4 + KBr + 6NaCl] 


(iv) FeS2 + O2-> Fe203 + SOj 

Both iron and sulphur in FeS2 undergo a change in 
oxidation state. 


‘ Increase ▼ 

+2-1. +3 +4 

FeS, -> Fe .+ 2 SO, Total increase = 10+1 = 11 

I___t 

Increase 5 x 2 = 10 

0° -> 20 ^' Total decrease = 2 x 2 = 4 ] 

(v) AsjSj + HNO3-> H3ASO4 + H2SO4 + NO2 + H2O 

j" Increase 5 x 8 = 40 ^ 

-2 +5 +6 +4, 

[Hint: As2^+ HNO3 --> H2SO4 + NO2] 

-Decrease 1x1 = 1 ^ . 

(vi) MnO + Pb02 + HNO3-> HMn04 + Pb(N03)2 + H2O 

(vii) P + NaOH + H2O-> NaH2P02 + PH3 

Increase 1x1 = 1 

I ^ ^ ^ ^ 

0 + 1-3 

plat: P --> NaH 2 P 02 + |H 3 ] 

Decrease 1x3 = 3 

(viii) KCIO3 + H2SO4-> KHSO4 + O2 + CIO2 + HjO 

[Hint; [CIO3 + 2 H^ + e —+ aOj + HjO] x 2 
2aOi-) 2 CIO 2 + O 2 + 2e 


4CIO3 + 4H^-> 4CIO2 + O2 + 2H2O 

-or 4KCIO3 + 4H2SO4-> 4KHSO4 + 4CIO2 + O2 + 2H2O] 

(ix) Ag + KCN + O2 + HjO-+ KAg(CN)2 + KOH 

[Hint: [Ag + 2 CN'-> [Ag(CN)2]' + e]x 4 

O2 + 2H2O + 4 e-3 40H" ] 

(x) Ca(OCl)2 + KI + HCl-+ CaClj + Ij + KCl + HjO 

[Hint: OCF + 2 H* + 2 e-> Cl” + H2O 

_ 2r-> I2 + 2e _ 

ocr + 2 H'^ + 2 r —+ cr +12 + HjO 

or 20 Cr + 4 H^-> 2 Cr + 2I2 + 2H2O] 

10 . Calculate the oxidation state of underlined: 

(a) Ba2 JfeOj (b) BaCli (c) ^H220,i (d) ^7 

(e) Na2lFe(CN)5NO](f) Ru04(g) K2TaF7 (h) Na2Mo04 
(i) U2O7* (j) C in diamond. 

11. Give the oxidation state of underlined: 

(a)-Fei04 ■■(B)“Ca0Cg^^(c)""NH4:N03“ 

(d) NH4NO2 (e) KO2 (f) H2SO5 
(g) (CH3)2S0 (h) (i) Na2^03 

0) Na2S406 (k) CrOj (1) CqSe04 

12 . Balance the following equations by ion electron method: 

(a) -Zn +-BrQ4 + Off + HjO[Zn(OH)4f — 

(b) Mn 04 " + HjO-> Mn 04 + Off + Mn 02 

(c) Fe(CN)^“ + ff + Mn04 -—)Fe^-^ + COj + NOj + Mn^’^ 

(d) Cu 3P+ CrjO^^-> 00^"^+ H3PO4 + Cr^"^ (acid medium) 

(e) Hg2(CN)2 +Ce‘'^-> CC^' + NO3 + Hg(OH)2 + Ce^+ 

(basic medium) 

(f) K3Fe(CN)6 + Cr 203 + KOH-> K4Fe(CN)6 + K 2 Cr 04 

+ H2O (basic medium) 

(g) Na2HAs03 + KBr03 + HCl-> NaCl + KBr + H3ASO4 

13 . Calculate the oxidation state of vanadium in the following 

complex compound: Rb4Na[HVjQ028] 

14 . (a) Arrange the following compounds in increasing order of 

oxidation number of manganese: 

MnClj, MnOj, KMn04, K2Mn04 

(b) Indicate valency and oxidation states of carbon in the 
following compounds: 

CH4, CH3CI, CH2CI2, CHCI3, CCI4 

15 . Complete and balance the following compounds: 

(a) Acidic solution of Fe^"^ ion gives a brown ring when it 
comes in contact with NO3 ion. Complete the following 
reactions of this process: 

[Fe(H20)6f ^ + NOi + ft -» + [Fe(H20)6f * + HjO 

[Fe(H20)6f ..>.+ H2O 

(b) Caj (PO4 )3 F + H2SP4 + H2O ^.+ 5 CaS ■ 2H2O 

+ . 

(c) Sn + 2 KOH + 4H2O-> + (iIT 1994 ) 

(d) AlBrj + K2Cr207 + H3PO4-+ K3PO4 + AIPO4 + 

+ ..... 

(e) KjCtjO, + HCl-» KCl +.+.+ H2G (HT 1992 ) 

(f) Ag-" + AsHj-» H3ASO3 + H-' +. 

16 . Arrange following ions in increasing order of oxidation 
number of sulphur: 8406', HS“, HSO4, SjOf", 8203", 8O3" 
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17 . Pfiteimine equivalcEt weight of underlined species: 

(a) NH4NO3-^ N2O + SHjO 

(b) 3 MnO-, + 6KOH + KCIO3-^3K2Mn04 + KCl + 3H2O 

(c) 2 HS" + 4 HSO ;->3S20I- +3H2O 

(d) 3CI2 + 6 NaOH-> 5 NaCl + NaClO , + 3H2O 

(e) K2Cr202 + 7H2SO4 + 6FeS04-> K2SO4 + Cr2(S04)3 

+ 3 Fe 2 (S 04 ) 3 +7H2O 

18 . Which of the following structures is accurate on the basis of 
formal charge? 

(a)H—C=N:; (b)H--N=C: 

[Hint: (a)H—C=N: 

F.C. 

1 2 

F.C.at‘H* = l- 0 --x 2 = 0 

_2 _. 

. F.C. at‘C’ = 4 - 0 -"^x 8 = 0 ___ 


F.C. at ‘N’ = 5 - 2 - i X 6 = 0 
2 

(b)H—N=c: 

F.C. at ‘H’ = 1 - 0 - - X 2 = 0 
2 

FC.at‘N’=5-0--x8 = + l ' 

■ - ; • ■ 2 . . ' ' ■ . . ■ 

F.C.at‘C’ = 4-2--x6 = -l 
2 

Structure (a) having zero formal charges at each atom will be 
accurate.] 

19. On the basis of formal charge select the most plausible 
structure: 

(a) H 2 NOH or H 2 ONH (b) SCN- or CNS" or CSN-" - 

(c) [:N = N = N:]-or[:N —N = N:]' 

(d) NOCl or ONCl " * " 



1 . [A] (a — p); (b — p); (c — q, r); (d — s) 


[B](a 

— p);(b —s);(c —q);(d- 

-r) 

[C](a 

— s); (b — q);(c —s); (d- 

-P) 

[D](a 

— p, q); (b —p, s); (c —p, 

q,.r); (d —p, r) 

[E](a 

— r);(b —p);(c —p, s); (d 

1 —q) 


Oxidising agent 

Reducing agent 

(i) 

FeClj 

SnQ2 

(ii) 

SO2 

Mg 

(iii) 

O2 

SO2 

(iv) 

CI2 

Ca 

(V) 

Hg2^ 

Sn^'" 

(vi) 

Cu^'' 

r 

(vii) 

H2O2 

r 

(viii) 

SO2 

H2S 

(ix) 

HNO3 

SO2 

(X) 

CI2 

SO2 


Oxidised 

Reduced 

(i) 

PbS 

H2O2 

(ii) 

HjS 

FeCl3 

(iii) 

HCl 

Mn02 

(iv) 

SnCl2 

FeClj 

(V) 

C2OI- 

Mn04 

(vi) 

N2H4 

Br03 

(vii) 

so|- - 

CI2 

(viii) 

r 

CI2 


4. (a) HI(-l), l 2 ( 0 ), IC1(+1), HI 04 (+ 7) 

(b) HC1(-1). €1,(0), Cl20(+1), C1F3(+ 3), CI 2 O 7 (+ 7) 

(c) NH 3 (- 3), NjHC-l / 3), N 20 (+ 1), NO(+ 2), N 20 ^(+ 5). 

5. (i) + 5 (ii) + 5 (iii) + 5 (iv) +2 (v) + 2 '(vi) + 6 
(one peroxo linkage is present) (vii) + 5 (viii) +1 


(ix) +5 (x) + 6 (xi) + 7 (xii) +4 (xiii) -3 (xiv) 

0 (zero)(xv) +'3 (xvi) + 6 (xvii) + 5 (xviii) + 8 (xix) +3 (xx). 

0 (zero). 

6. (a)Mn203(b)H3P04(c)CH2Cl2(d)HCl. 

7 . (i) Mn 04 + 5 Fe^'' + 8 H+-+ 5 Fe^'' +4H2O 

(ii) 2Mn04 + 3 SnO^'' + H2O-> 2Mn02 + 3 SnO|" + 20 ir 

(iii) 3 Cu + 2NO3 + SKT-> 3 Cu^'' + 2 NO + 4H2O 

(iv) CI2 +10; + 20 H-->^-104 + 2 Cr + H2O 

(v) 3I2 + 6 NaOH-> NalOj + 5 NaI + 3H2O 

(vi) 4 Zn + NO3 + 70 H“- 4 ZnO^” + NH, + 2H2O 

(ix) 4 Zn + NOi + IOFT- 4 Zn^'' + NHj + 3H2O 

(xii) CO^-" + NO2 + 2 ir-> CO^'' + NO + H2O 

(xvi) Cr20?“ + 14 H" + 3C20^"-> 2 Cr^* + 7H2O + 6CO2 

(xvii) AsHj + 3H2O + 6 Ag^-> H3ASO3 + 6H^ + 6Ag 

8. (i) CO + Fe304-> 3 FeO + CO2 

(ii) 5H2O2 + 2CIO2 + 20 ir-> 2 Cr +.5O2 + 6H2O 

(iii) Cr 20 ^- + 6 r + MFT-> 2 Cr*'' + 3I2 + 7H2O 

(iv) Cr20?- + 3HNO2 + SHT-> 2 Cr*'' + 3 NOi + 4H2O 

(v) 2 KI + 2H2SO4-> K2SO4 +12 + SO2 + 2H2O 

(vi) 3 HgS + 12 HC 1 + 2 HNOj.-> 3H2HgCl4 + 2 NO + 3 S 

+ 4H2O 

(ix) 3CU2O + 14HNO3-> 6 Cu(N03)2 + 2NO + 7H2O 

(x) AUCI4 + Sn^-' + 3 ir-> AuCl + Sn'‘+ + 3 HC 1 

(xi) 4 S + 60 H--> 2 S^^ + S 20 |^ + 3H2O 

(xii) NaClOj + 6 KI + 6 HC 1 -> NaCl + 6 KC 1 + 3I2 + 3H2O 

(xiii) 2PbCr04 + 6FeS04 + 8H2SO4-> 2PbS04 + Cr2(S04)3 

+ 3 Fe 2 (S 04)3 + 8H2O 

(xiv) As + 5HNO3-> H3ASO4 + 5NO2 + H2O 

(xv) Fe2(S04)3 + H2SO3 + HjO-> 2FeS04 + 2H2SO4 

(xvi) C6H,206 + 12H2SO4-^ 6002 + I2SO2 + I8H2O 

9 . (i) 2 Ca 3 (P 04)2 + eSiOj + lOC,^-> 6 CaSi 03 + P4 + lOCO 

(iv) 4FeS2 +1IO2-> ZFejOj + 8SO2 
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(v) AS2S5 + 4OHNO3-)^5H2S04 + 2H3ASO4 + 40NO2 

+ 12H2O 

(vi) 2 MnO + 5Pb02 + IOHNO3-2HMn04 + 5Pb(N03)2 

+ 4H2O 



Objective Questions 


$et-1 : Questions with single correct answer 

1 . Oxidation is defined as: 

(a) loss of electrons (b) gain of electrons 

(c) gain of protons (d) loss of protons 

2 . A reducing agent is a substance which can: 

(1) accepit^lecirons tfe)rdonate'etgCffi5nS 

-^(c)nacceptp«3tons--(d)“donate'pTotons- 

3 . A redox reaction is: 

(a) proton transfer reaction (b) ion combination reaction 
(c) a reaction in solution (d) electron transfer reaction 

4 . Which of the following is not a redox reaction? 

(a) Burning of candle _(b) JRusting ofiron. 

(c) Dissolving a salt in water (d) Dissolving Zn in dil. H2SO4 

5 . The reaction, H2S + H2O2 = S + 2H2O manifests: 

(a) oxidising action of H2O2 (b) reducing nature of H2O2 
(c) acidic nature of H2O2 (d) alkaline nature of H2O2 

6. The oxidation number of Fe in K4Fe(CN)j is: 

(CBSE 1993 ; KCET 2008 ) 

(a) + 6 (b) + 4 (c) + 3 (d) + 2 

7 . In Ni(CO)4, the oxidation state of Ni is: 

(a) . 4 (b) zero (c) 2 (d) 8 

8. Pick the group which does not contain a neutral oxide : 

(ISAT 20 I 0 ) 

(a) NO2,P4O,0, Al2O3,NO (b) MgO,N2O5,SO3,N2O 
(c) CO2, SO3 V CaO, XeG3 (d) CO, Si02, Sn02, Na jOj 

9 . Magnesium reacts with acids producing hydrogen and 
corresponding magnesium salts. In such reactions Mg 
undergoes: 

(a) reduction 

(b) oxidation 

(c) neither oxidation nor reduction 

(d) simple dissolution 

10 . When P reacts with caustic soda, the products are PH3 and 
NaH2P02. The reaction is an example of: 

(a) oxidation 

(b) reduction 

(c) both oxidation and reduction 

(d) neutralisation 

11 , Which of the following reactions is not a redox reaction ? 

(PET (Raj.) 2008 ! 

(a) Ag+ + Cr-^A^l 

(b) Zn(s) + Cu^''(a^.)-» Zn^ + Cu(s) 

(c) 2 Mg(s)+ 02(g)-^ 2 MgO 

(d) FeO+ C-^ Fe+ CO 


(vii) 4 P + 3 NaOH + 3H2O-> SNaHjPOj + PHj 

(ix) 4 Ag + 8KCN + O2 + 2H2O-> 4KAg(CN)2 + 4 KOH 

(x) Ca(OCl)2+ 4 KI+ 4 HC 1 -)^CaCl2 +4KC1+2I2+2H2O 

10 . (a) 0 (b)+ 2 (c) 0 (d)+ 7 (e) 3 (f)+8(g)+ 5 (h)+ 2 (i )+5 (j )0 



12 . Which of the following is not a redox change? 

(a) 2H2S + SO2 = 2H20 + 3S 

(h) 2BaO +02 = 2Ba02 

(c) Ba02 + H2SO4 = BaS04 + HjOj 

(d) 2KCIO3 = 2KC1 + 3O2 

13 . The conversion of K2Cr207 into Cr2(S04)3 is a process of: 

(a) oxidation (b) reduction 

(c)“decompositi6n {dXTubsfTfulion 

14 .. In the reaction, 2Na2S203 +12 = Na2S40g + 2 NaI, I2 acts as: 

(a) reducing agent 

(b) oxidising agent 

(c) oxidising as well as reducing agent 

(d) none of the above .-.. — - 

15 . The most common oxidation state of oxygen is - 2 . This is best 
explained as due to: 

(a) 2 electrons in the outermost shell 

(b) 4 electrons in the outermost shell 

(c) 6 electrons in the outermost shell 

(d) 8 electrons in the outermost shell 

16 . Select the compound in which chlorine shows oxidation state 
+ 7: 

(a) HCIO4 (b) HCIO3 (c) HCIO2 (d) HCIO 

17 . Which one of the following is a reducing agent? 

(a) Ozone (b) Chlorine (c) FeCl3 (d) Na2S03 

18 . The oxidation number of nitrogen in NH2OH is: 

(a) zero (b) +1 (c) -1 (d) -2 

19 . HBr and HI reduce sulphuric acid. HCl can reduce KMn04 
and HF can reduce: 

(a) H2SO4 (b) KMn04 

(c) K2Cr207 (d) none of these 

20 . One mole of N2H4 loses 10 moles of electrons to form a new 
compound Y. Assuming that all nitrogen appear in the new 
compound, what is the oxidation state of nitrogen? (There is 
no change in thenxidation state of hydrogen.) 

(a) -1 (b) -3 (c) +3 (d) +5 

21 . The brown ring complex confound is formulate! as 
[Fe(H20)5(N0)]S04. The oxidation state of iron is: 

{CE! Rariiiilaka 

(a) +1 (b) +2 (c) +3 (d) zero 

22 . A solution of sodium metal in liquid ammonia is strongly 
reducing due to the presence of: 

(a) sodium atoms (b) sodium hydroxide 

(c) sodiimi amide (d) solvated electrons 

23 . In which of the following compounds, iron has an oxidation 

state of+3? (DPivIT 20 i) 9 ) 
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(a) FeCNOj)^ 

(b) FeC 204 

(c) [Fe{H20)ja3 

(d) (NH4)2S04 • FeS04 ■ 6H2O 

24 . When KMn04 is reduced with oxalic acid in acidic solution, 
the oxidation number of Mn changes from; 

(a) 7 to 2 (b) 7 to 4 (c) 7 to6 (d) 6 to 2 

25 . In which of the following reactions the rmderlined substance is 
oxidised? 

(a) 3 Mg + 1 ^ + MgjNj (b) 2 H + = 2 KBr +12 

(c) CuO + H2 = Cu + HjO (d) 00 + CI2 = COCI2 

26 . Of the following elemente, which one has the same oxidation 
state in all of its compounds? 

(a) Hydrogen (b) Fluorine (c) Carbon (d) Oxygen 

27 . When tin(IV) chloride is treated with excess of cone. 
hydrochloric acid, the comp lex ion (S nCl,;)^" is forme^The 
oxidation state of tin in this complex ion is: 

(b) aero ~~'(c)^ ^(dT^d 

28 . In the following reaction, 

3Br2 + 6CO3" + 3H2O = 5 Br' + BrOj + 6HCO3 

|PMT-(M?) 1997 J 

(a) brornine is oxi^sed, carbonate is reduced 

(b) bromine is reduced, carimnate is oxidised 

(c) bromine is neither reduced nor oxidised 

(d) bromine is reduced as well as oxidised 

29 . If an element is in its lowest oxidation state, under proper 
conditions, it can act as: 

(a) a reducing agent 

(b) an oxidising agent 

(c) oxidising as well as reducing agent 

(d) neither oxidising nor reducing agent 

30 . The oxidation state of phosphorus varies from: 

(a) ~1 to +1 (b) -3 to +3 

Cc)- 3 to +5 (d)- 5 to+l 

31 . In which of the following reactions no change in valency occurs? 

(a) SO2 + 2H2S-> 3 S + 2H2O 

(b) 2 Na + O2- > Na202 

(c) CI2 + 2 NaOH —4 NaClO + NaCl + HjO 

(d) AgN03 + KCl-> AgO + KNO3 

32 . When SO2 is passed through an acidified solution of K20r207> 

then chromium sulphate is formed. Change in oxidation state 
ofCrisfrom: (KCET 2008 ) 

(a) +4 to +2 (b) +6 to +3 

(c)+ 7 to +2 (d)+ 5 to +3 

33 . In a reaction, 

2 Ag + 2H2SO4-> Ag2S04 + H2O + SO2, H2SO4 acts as: 

(a) reducing agent (b) oxidising agent 

(c) dehydrate (d) none of these 

34 . Oxidation number of iodine varies from: ,/ 

(a) -1 to +1 (b) -1 to +7 (c) +3 to +5 (d) -1 to +5 

35 . Oxidation number of fluorine in F2O is: 

(a) +1 (b) +2 (c) -1 (d) -2 

36 . In the compounds KMn04 and K2Cr207, the highest oxidation 
state is of the element: 

(a) potassium (b) chromium{c) oxygen (d) manganese 


37 . In a reaction, the oxidation number of an element becomes 
zero from - 1 . It is a case of: 

(a) oxidation 

(b) reduction 

(c) neither oxidation nor reduction 

(d) both oxidation and reduction 

38 . CI2 + H2S-» 2 HC 1 + S, 

In the above reaction, oxidation state of chlorine changes 
from : (PET (Raj.) 20081 

(a) zero to -1 (b) 1 to zero 

(c) zero to 1 (d) remains unchanged 

39 . During electrolysis the reaction at anode is: 

(a) oxidation (b) reduction 

(c) decomposition (d) none of these 

40 . Which of the following is a mild oxidising agent? 

(a) AgjO (b) KMn04 (c) K2Cr207 (d) Clj 

4 r. The commonoxidalioH state ofalMi metals in the cOIHbtfiBtE 

-xtateiK-^--- 

(a) +1 (b) +2 (c) -1 (d) -2 

42 . Carbon is in highest oxidation state in: 

(a) CH3CI (b) CCI4 (c) CHCI3 (d) CH2CI2 

43 . The oxidation number and covalency of sulphur in Sg is: 

(aX + 2 ,Q, .(b.)..Q „2 .-..(c)„ 0 ,J._(dJlJ,!..__ 

44 . Addition of iron or zinc to copper sulphate causes 
precipitation of copper owing to the: 

(a) reduction of Cu ^^ (b) oxidation of Cu^^ 

(c) hydrolysis of CUSO4 (d) ionisation of CUSO4 

45 . In a reaction, 

H2O (steam) + C (glowing) = CO + H2 

(a) H2O is the reducing agent 

(b) HjO is the oxidising agent 

(c) carbon is the oxidising agent 

(d) oxidation-reduction does not occur* 

46 . The oxidation numbers of C in CH4, CH3CI, CH2Q2, CHCI3 
and CCI4 are respectively: 

(a) + 4 , + 2 , 0 , - 2 , -A (b) + 2 , + 4 , 0 , - 4 , -2 

(c) -4, - 2 , 0 , + 2 , + 4 (d) - 2 , - 1 , 0 , + 4 , + 2 

47 . Which of the following statements is correct? 

(a) Oxidation of a substance is followed by reduction of 
another 

(b) Reduction of a substance is followed by oxidation of another 

(c) Oxidation and reduction are complementary reactions 

(d) It is not necessary that both oxidation and reduction 
should take place in the same reaction 

48 . Reduction never involves: 

(a) gain of electrons 

(b) decrease in oxidation number 

(c) loss of electrons 

(d) decrease in valency of electropositive component 

49 . In which of the following reactions has the underlined 
substance been reduced? 

(a) Carbon monoxide + copper oxide- > carbon dioxide 

+ copper 

(b) Copper oxide + hydrochloric acid- > copper chloride 

+ water 
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(c) Hydrogen + iron oxide- > iron + water 

(d) Steam + iron-> iron oxide + hydrogen 

50 . In which of the following reactions, the underlined element 
has decreased its oxidation number during the reaction? 

(a) Fte + CUSO4-> Cu + FeS04 

(b) + CI2-> 2Ha 

(c) C + H2O->C0+H2 

(d) Mn 02 + 4 HC 1 —MnClj + Clj + 2H2O 

51 . If three electrons are lost by a metal ion, its final 
oxidation number would be: 

(a) zero (b) + 6 

(c) +2 (d) + 4 

52 . Select the compound in which chlorine is assigned the 
oxidation number+ 5 : 

-(^ ^104 (b) HCl(V -(e)-Hei€t3—idHief- 

- 53 ^ In the ahaHin0-1heHnie-praeess,-aluHjiaium-acts-as;- 

(a) an oxidising agent (b) a flux 
(c) a reducing agent (d) a solder 

54 . The strongest reducing agent is: 

(a) K (b) Ca (c) A 1 (d) Zn 

55 . In the reaction; Zn + HjSGj -—ZnS04 + Hj, Zn undergoes: 

(a) oxidation (b) reduction 

(c) simple dissolution (d) double decomposition 

56 . Phosphorus has the oxidation state of +3 in: 

(a) ortho phosphoric acid (b) phosphorus acid 
(c) meta phosphoric acid (d) pyrophosphoric acid 

57 . Oxidation number ofP in PO4 , of S in SO^” and that of Cr in 

CrjC^" are respectively: |CBSE (PMT) 2009 ] 

(a) - 3 , +6 and +6 (b) + 5 , +6 and +6 

(c) + 3 , +6 and +5 (d) + 5 , +3 and +6 

58 . The conversion of PbO into Pb(N03)2 involves: 

(a) oxidation ^ 

(b) reduction 

(c) neither oxidation nor reduction 

(d) both oxidation and reduction 

59 . The highest state ofMn is shown in: 

(a) K2Mn04 (b) KMn04 (c) Mn02 (d) Mn203 

60 . In which one of the following changes, there is transfer of five 
electrons? 

(a) MnOi-> Mn^^ (b) CrO^-> Cr^^ 

(c) MnOi-> Mn02 (d) Cr20^--> 2Cr^^ 

61 . The Oxidation number of phosphorus in Ba(H2P02)2 is; 

( 1 IT 1990 ) 

(a) + 3 (b) + 2 (c) + 1 (d) -1 . 

62 . The oxidation state of the most electronegative element in the 
products of the reaction between Ba02 and H2SO4 are: 

( 1111991 ) 

(a) Oand -1 (b) -l and -2 

(g) r2and0 (d) -2 and + 1 

63 . In ithe reaction, 4 Fe + 3O2.-> 4 Fe*'^ + 60 ^“ which of the 

following statements is incorrect? (MLNR 1991 ) 


(a) It is a redox reaction 

(b) Metallic iron is a reducing agent 

(c) Fe^"^ is an oxidising agent 

(d) Metallic iron is reduced to Fe^* 

64 . Which of the following halide iom is easiest to oxidise? 

(a)F- (b) Q- (c) Br- (d) r 

65 . In the reaction of sodium thiosulphate with Ij in aqueous 

medium the equivalent weight of sodiiun thiosulphate is equal 
to: IJEE (WP) 20101 

(a) molar mass of sodium thiosulphate 

(b) the average molar masses of Na2S203 and I2 

(c) half the molar mass of sodium thiosulphate 

(d) twice of molar mass of sodium thiosulphate 

66. The oxidation number of chlorine in HOCl is: 

(a) -1 (b) zero (c) +1 (d) + 2 

I n t h e re ac t io n , Cl2-H^X)Hl^r=U2i:i^Cl(^^H2QrCblotiHe^ 
_ is;_^_ 

(a) oxidised 

(b) reduced 

(c) oxidised as well as reduced 

(d) neither oxidised nor reduced 

68. The oxidation number of arsenic atom in H3ASO4 is: 

(a) -1.^br+ 5 .■• --^-+-5. 

69 . In which of the following reactions, hydrogen is acting as an 
oxidising agent? 

(a) With iodine to give hydrogen iodide 

(b) With lithium to give lithium hydride 

(c) With nitrogen to give ammonia 

(d) With sulphur to give hydrogen sulphide 

70 . In acid medium, the reaction, MnO^- > Mn^* is: 

(a) oxidation by 3 electrons (b) reduction by 3 electrons 
(c) oxidation by 5 electrons (d) reduction by 5 electrons 

71 . For the redox reaction, 



Mn04 H-CjO^" H-H-"- 

> Mn^-" + CO2 + HjO 

the 

correct coefficients of the 

reactants for the balanced 

equation are: 

(HT 1992 ) 


MnOi C2C^“ 


(a) 

2 5 

16 

(b) 

16 5 

2 

(c) 

5 16 

2 

(d) 

2 16 

5 , 


72 . The oxidation number of Pt in [Pt(C2H4)Cl3]" is; 

(MLNR 1993) 

(a) + 1 (b) + 2 (c) + 3 (d) + 4 

73 . Oxidation number of P in Mg2P207 is: 

(a )+3 (b )+2 (c) + 5 (d )-3 

74 . The oxidation number of phosphorus in PO|~,P40,o and 

(CPMT1992) 

(a) +5 (b) + 3 (c )-3 (d) + 2 

75 . The oxidation state of Cr in K2Cr207 is: 

ICEE (Bihar) 1992 ; AFMC 1993 ] 
(a) + 7 (b) + 6 (c) + 3 (d) + 2 

76 . Bromine reacts with hot aqueous alkali to give bromide and 
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bromate. What is the change that is brought about in oxidation 
state of bromine to bromate? 

(a) -1 to + 5 (b) 0 to + 5 

(c) -1 to + 7 (d) None of these 

77. Which one of the following leads to redox reaction? 

(a) AgNOj + HCl (b) KOH + HCl 

(c) KI + 02 (d) NH 3 + HCl 

78. Oxidation number of ‘S’ in Na 2 S 405 is: (CBSE 1993) 

(a) + 0.5 (b) 2.5 (c) +4 (d) + 6 

79. Which one of the following is not a redox reaction? 

{A1!MIS1993) 

(a) CaCOj-> CaO + COj 

(b) 2H2+02->2H20 

(c) Na + H 2 O-> NaOH + ^Hj 

_(4)--MnCl3==»-MnCl2-*-i£l2-___—_ 

80. The oxidation number of nitrogen in NOj is: 

(a) -1 (b) + 2 (c) + 3 (d) + 5 

81. Oxygen has an oxidation state of + 2 in: 

(a) H 2 O 2 (b) OF 2 (c) SO 2 (d) HjO 

82. When iron is rusted, it is; 

(a) oxidised - (b) reduced 

(c) evaporated (d) decomposed 

83. An element, which never has a positive oxidation state in any 
of its compounds, is: 

(a) boron (b) oxygen 

(c) chlorine (d) fluorine 

84. Starch iodide paper is used to test for the presence of: 

(a) iodine (b) iodide ion 

(c) oxidising agent (d) reducing agent 

85. Which of the acid possesses oxidising, reducing and complex 
forming properties? 

(a) HNO 3 (b) H 2 SO 4 (c) HCl (d) HNOj 

86 . Which substance is serving as a reducing agent in the 


following reaction? 

14H + CrjO?" + 3Ni - 

-^2Cr^'^+ 7 H 2 O + 3 NP 

(a)-H20 (b)Ni 

(c) H" 

(CBSE 1994) 

(d) CrjO^" 

The oxidation state of iodine in H 4 lO^ is: 


(a) + 7 (b) -1 

(c) +5 

(d) +1 


88 . Oxidation number of N in NH 4 NO 3 is: j PMT (Raj .) 1993 ] 

(a) -3 (b) + 5 (c) -3 and +5 (d) +3 and -5 

89. The element, which shows minimum oxidation number in its 

compounds, is: il'ET (Raj.) 19921 

(a) Fe (b) Mn (c) Ca (d) K. 

90. In which of the following compounds, the oxidation number 

of iodine is fractional? (PET (MaJ.) 1992j 

(a)IF 2 {h)i; (c)IF 5 (djIFj 

91. The missing term in the following equation is: 

2 Fe^‘' + Sn^"'-> 2 Fe^"‘ + ... 

(a) Sn^'-^ (b) (c) Sn^* (d) Sn^ 


92. A compound contains atoms A , B and C. The oxidation 
number of 4 is + 2, of 5 is + 5 and of C is -2. The possible 
formula of the compound is: 

(a) ABC 2 (b) B 2 (AC 2)2 

(c) A 2 (BC ,)2 (d)A 2 (B,C )2 

93. The correct set of oxidation numbers of nitrogen in 

ammonium nitrate is: jPET (Raj.) 2007j 

(a)-3, + 3 {b)-l, + l (c)+l,-l (d)-3, + 5 

94. In which of the following paire, the oxidation states of sulphur 

and chromium are same? 1 PET (Raj.) 2007] 

(a) SO|-, CiO^ (b) SO3. CrOf 

(c) SO 2 , CrOf (d) SO 2 , CrjO?- 

95. For the redox reaction, HgCl 2 + SnClj-> 2Hg + 8004 , 

the correct coefficients of reactants for the balanced equation 
are: 

.laTlTT .-.-. 

.~*"(C)" 27 T .... .... 

96. The value of n in the following equation is: 

CrjO?' + 14H + «Fe^ *-» 2Cr^ + »Fe^ ^ + 7 H 2 O 


IPET(MP) 20081 

(a) 2 (b) 3 (c) 7 _ (d) 6 

97. In the reaction, 8A1 + 3 Fe 304 —^ 4 AI 2 O 3 + 9Fe, the 
number of electrons transferred from reductant to oxidant is: 
(a) 8 (b) 4 (c) 16 (d) 24 

[Hint: 8A1->8Al^^+24e 

9Fe^'^*+2Ae ->9Fe] 


98. Which of the following examples does not represent 
disproportionation? 

(a) MnOj + 4HC1-> MnClj + Clj + 2 H 2 O 

2H2C^-> 2 H 2 O + Oj 

(c) 4 KCIO 3 -> 3 KCIO 4 + KQ 

(d) 3 CI 2 + 6NaOH-> 5NaCl + NaClOj + 3 H 2 O 

99. Why is the following reaction is not possible? 

Cr20?-+ Fe^ + H *- 

(a) Both 0207 “ and Fe^* are reducing agents 

(b) Both CrjO^” and Fe^^ are oxidising ^ents 

(c) Cr 207 ' is a strong oxidising agent while Fe^* is a weak 
oxidising agent 

(d) The solution is acidic in nature 

10ft. Which one of the following statements is not correct? 

(a) Oxidation number of S inCNH, jjSjOy is + 6 

(b) Oxidation number of Os in OSO 4 is + 8 

(c) Oxidation number of S in HjSOj is + 8 


(d) Oxidation number of O in KO 2 is - 


1 

2 


101. The Oxide which cannot act as a reducing agent, is; 


(CBSE 199S] 

(a) SO 2 (b) NO 2 

(c) CO 2 (d) CIO 2 

102. Coordination number and oxidation number of Cr in 
K 3 Cr(C 204)3 are respectively: (CBSE 1995) 

(a) 4 and + 2 (b) 6 and + 3 (c) 3 and -3 (d) 3 and 0 
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103. In the following reaction, 

4P + 3KOH + 3 H 2 O-> 3 KH 2 PO 2 + PH 3 

(a) P is oxidised only 

(b) P is reduced only 

(c) P is oxidised as well as reduced 

(d) none of the above 

104. Which reaction does not involve either oxidation nor 
reduction? 

(a) -> V 2 O 3 (b) Na Na-" 

(c) CrOf-> Cr 20 |” (d) Zn^-"-^ Zn 

105. In which of the following processes is nitrogen oxidised? 

(a) NH/-> N 2 (b) NOi-> NO 

(c) NO 2 -> NO 2 (d) NO 3 -> NH/ 

106. It is found that V forms a double salt isomorphous with 
Mohr’siafi. The oxidition number ofVlh this compoundTsT” 

^ 1:3 (br +2 (cTR (dTR 

107. How many moles of electrons are involved in the reduction of 
one mole of MnO^ ion in alkaline medium to MnOj ? 

(a) 2 (b) 1 (t) 3 (d) 4 

108. One mole of N 2 H 4 loses 10 moles of elecnoiis to form a new 
compound Y. Assuming that all nitrogen appears in the new 
compoiuid, what is the oxidation number of nitrogen in Y 
(there is no change in the oxidation state of hydrogen)? 

(a) -3 (b) + 3 (c) +5 (d) + 1 

109. Oxidation number of C in HNC is: 

(a) +2 (b) -3 (c) + 3 (d) zero 

110. Oxidation number ofFe in Feo 940 is: 

(a) 200 (b) 200/94 (c) 94/200 (d) none of these 

111. Oxidation number of Fe in Na 2 [Fe(CN) 5 NO] is: 

(a) + 2 (b) + 1 (c) + 3 (d) -2 

112. Oxidation number of Cl in CaOCl 2 is: 

(a) -land + 1 (b) + 2 

(c) -2 (d) none of these 

113. Equivalent weight of FeC 204 in the change, 

FeC 204 -> Fe^'^ + 2 CO 2 is; 

(a) M/3 (b) M /6 (c) M/2 (d) M/1 

114. Oxidation state of Fe in Fe 30 g is; (CBSE 1999) 

(a) 3/2 (b) 4/5 (c) 5/4 (d) 8/3 

115. In which of the following compounds transition metal has zero 

oxidation state? (CBSE 1999) 

(a) CrOj (b) Fe 304 (c) FeS 04 (d) Fe(CO )5 

116. The oxidation number of sulphur in Sg, S 2 F 2 and H 2 S 

respectively are; (IIT 1999) 

(a) 0 , +1 and -2 (b) + 2 , +1 and -2 

(c) 0,+1 and +2 (d) - 2,+1 and -2 

117. The reaction, 3C10"(a^.)ClOglag.) + 2Cr(a^.) is an 

example of: |nT(S)2000j 

(a) oxidation reaction 

(b) reduction reaction 

(c) disproportionation reaction 

(d) decomposition reaction 


118. The oxidation state of ‘S’ in H2S20^ is: 

[PET (MP) 2002; RPMT 2007| 
(a) +2 (b) +4 (c) +6 , (d) +7 

119. Which is not a disproportionation reaction? 



CHO CH 2 OH CbO‘ 

(b) I + OH--> I + I 

COOH COO- COO- 

(c) NaH + H 2 O-> NaOH + H 2 

(d) All of the above 

~l207“”Wh1ch7of the-following-fs-aili^iopoftionafionreactteHT 

(a) Cu20+2H^-^Cu+Cu^^+HjO 

(b) 2 CrOj + 2 ir-> Cr 20 ^- + H 2 O 

(c) CaC 03 + 2 H*-> Ca^-' + H 2 O + CO 2 

(d) 0 - 20 ^- + 20 ir zr- 7 t^ 2 CiC)^- _+ H 2 O _ _ 

121. When KMn 04 acts as an oxidising agent and ultimately forms 
MnC^-, Mn 02 , Mn 203 and Mn^"^, then the number of 
electrons transferred in each case respectively is: 

(AIEEE 2002) 

(a) 4,3,1,5 (b) 1,5,3,7 

(c) 1,3,4, 5 (d) 3,5,7,1 

122. Which of the following is a redox reaction: (AIEEE 2002) 

(a) NaCl + KNO 3 -> NaN 03 + KCl 

(b) CaC204 + 2HC1-> CaCl 2 + H 2 C 2 O 4 

(c) Mg(OH )2 + 2 NH 4 CI-> MgCl 2 + 2 NH 4 OH 

(d) Zn + 2AgCN-> 2Ag + Zn(CN )2 

123. For the decolourisation of 1 mole of KMn 04 , the no. of moles 

ofH 202 required is: (ARMS 2004) 

13 5 7 

(a) - (b) - (c) - (d) - 

2 2 2 2 

124. In H 2 O 2 , the oxidation state of oxygen is; (CPMT 2000) 

(a) -2 (b) -1 (c) 0 (d) - 4 

125. The reaction of KMn 04 and HCl results in: 

(a) oxidation of Mn in KMn 04 and production of CI 2 

(b) reduction of Mn in KMn 04 and production of H 2 

(c) oxidation of Mn in KMn 04 and production of H 2 

(d) reduction of Mn in KMn 04 and production of CI 2 

126. Consider the following reaction, 

5H2O2 + XCIO2 + 20 ir-a- + y 02 + 6H2O 

The reaction is balanced if: 

(a)x=5,y=2 (b)x= 2 , 3 J =5 

(c) X = 4, y = 10 (d) X = 5, = 5 

127. In the chemical reaction, 

Ag20 + H 2 O + 2e -> 2Ag + 20H 

(a) water is oxidised (b) electrons are reduced 

(c) silver is oxidised (d) silver is reduced 

(e) hydrogen is reduced 
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128. The reaction, 2 H 20 (/) AB^{aq.) + 02 (g) + 4e“ is: 

(a) a redox reaction (b) a hydrolysis reaction 

(c) a solvolysis reaction (d) an oscillatory reaction 
(e) an acid catalyst reaction 

129. Which of the following molecules can act as an oxidising 
agent as well as a reducing agent? 

(a) H 2 S (b) SO 3 (c) H 2 O 2 (d) F 2 

(e) H 2 SO 4 

130. Which of the following is not a reducing agent? 

(a) SO 2 (b) H 2 O 2 (c) CO 2 (d) NO 2 

131. Equivalent mass of oxidising agent in the reaction, 

SO 2 + 2 H 2 S->3S + 2 H 20 is: 

(a) 32 (b) 64 (c) 16 (d) 8 

132. A,B and C are three elements forming part of a compound in 
oxidation states of +2, +5 and -2 respectively. What could be 

-Ae-ccanpound?---- 

__ 

133. Among the following, identify the species with an atom in +6 
oxidation state: 

(a) MnOJ (b) Cr(CN)^- (c) NiF^" (d) Cr 02 Cl 2 

134. On reduction of KMn 04 by oxalic acid in acidic medium, the 
oxi datio n nu m ber of Mn changes. What is the magnitude of 
this change? 

(a) 7 to 2 (b) 6 to 2 (c) 5 to 2 (d) 7 to 4 

135. The oxidation number of iron in Fe 304 is: 

(a) +2 (b) +3 (c) 8/3 (d) 2/3 

136. Number of moles of K 2 Cr 207 reduced by one mole of Sn^"^ 
ions is: 

(a) 1/3 (b) 3 (c) 1/6 (d) 6 

137. In standardization of Na 2 S 203 using K 2 Cr 207 by iodometry 
the equivalent weight of K 2 Cr 207 is: 

(a) molecular weight /2 (b) molecular weight /6 

(c) molecular weight /3 (d) same as molecular weight 

138. In the balanced chemical reaction, 

105 + dr + blT^-> CH2O + dfy 

a,b,c and d respectively correspond to; (AllMS 2005; 

AMU 2009) 

(a) 5, 6 ,3, 3 (b)5,3,6,3 (c)3,5,3,6 (d)5,6,5,5 

[Hint: The balanced equation will be: 

lOi + 5r + bH-"-»3I2 + 3H2O] 

139. In alkaline medium ClOj oxidisra to H 2 O 2 and O 2 and itself 

gete reduced to CF. How many moles of H 2 O 2 are oxidised by 
lmoleofC 102 ? (PET 2005) 

(a)l {b)1.5 (c)2.5 (d)3.5 

(e),5 

[Hint: The balanced chemical equation is: 

2002 + 5 H 2 O 2 + 20H”-» 2Cr + 5 O 2 + 6 H 2 O 

2molC102=5molH202 
1 mol CIO 2 s 2.5 mol H 2 O 2 ] 

140. Oxidation number of xenon in XeOI^ is: [GET (J&K) 2005) 

(a) zero (b) 2 

(c)4 (d)3 


141. The oxidation number of cobalt in K[Co(CO )4 ] is: 

(a)+l (b)+3 (c)-l (d)-3 

142. The oxidation state of iodine in IPO 4 is: [JEE (Orissa) 2005) 

(a) +1 (b) +3 

(c)+5 (d)+7 

[Hint: Let oxidation state of iodine be x 
x-3 = 0, jc = + 3, 

V PO 4 ' has combined oxidation number-3.] 

143. The oxidation state ofCr in[Cr(NH 3 ) 4 Cl 2 r is: 

(a) +3 (b) +2 

(c)+l (d)0 

144. Nitrogen forms a variety of compounds in all oxidation states 

ranging from: [PMT (Himachal) 2006] 

(a)-3to+5 (b)-3to+3 

(c) -3 to +4 (d) -3 to +6 

.14Sj_jn_allaline_jGQedium»_Jl2.Q2_ieacJts_jrithJEe^and_^M6!ill 

se p arat ely t o give: _ [JEE (Orissa) 2006] 

(a) Fe'*-" and Mn'’'" (b) Fe^-" and Mn^-" 

(c) Fe^-" and Mn'*'" (d) Fe'*'" and Mn^-" 

3-4- 

[Hint: 2 K 3 [Fe(CN)fe ] + 2KOH + 2 H 2 O 2 -> 

2 K 4 [Fe(CN)fcT+ 2 H 2 O+ 

2 + 4 + 

Mn SO 4 + H 2 O 2 .> Mn O 2 + H 2 SO 4 ] 

146. CrOj has structure as shown. 


O. O 

o » 

o 


The oxidation number of chromium in the above compound is: 

]PMT (Kerala) 2006; JEE (Orissa) 2008] 
(a)+4 (b)+5 (c )+6 (d)+10 (e) 0 

147. Which of the following chemical reactions depicts the 

oxidising behaviour of H 2 SO 4 ? (A1EEE2006) 

(a) 2HI + H 2 SO 4 -> I 2 + SO 2 + 2 H 2 O 

(b) Ca(OH )2 + H 2 SO 4 -) CaS 04 + 2 H 2 O 

(c) NaCl + H 2 SO 4 -^ NaHS 04 + HCl 

(d) 2 PCI 5 + H 2 SO 4 -> 2 POCI 3 + 2HC1 + SO 2 CI 2 

148. The oxidation numbers of the sulphur atoms in peroxy- 

monosulphuric acid (H 2 SO 5 ) and peroxydisulphuric acid 
(H 2 S 2 O 8 )are respectively : [JEE (J & K) 2009J 

(a)+8and+7 (b)+3and+3 

(c) + 6 and +6 (d) + 4 and + 6 

149. When phosphorus reacts with caustic soda, the products are 
PH 3 and NaH 2 P 02 . This reaction is an example of: 

]BHU (Mains) 2007] 

(a) oxidation (b) reduction 

(c) disproportionation (d) none of these 

150. When hydrogen peroxide is added to acidified potassium 
dichromate, a blue colour is produced due to formation of: 

]PET (Kerala) 2007] 

(a) CrOs (b) CtjOj (c) CrOj (d) CrO^ 

(e) Cr 20 ?- 
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[Hint: K 2 Cr 207 + H 2 SO 4 -> K 2 SO 4 + 

[H 2 O 2 -> H 2 O + (0)]4 

H2Cr207 + 4(0)-> aCrOj + H 2 O 

K2Cr207 H- H2SO4 + 4H2O2- > 2 Cr 05 + K2SO4 + 5H2O ] 

151. Number of moles of MnO^ required to oxidise one mole of 
ferrous oxalate completely in acid medium will be : 

(a) 7.5 moles (b) 0.2 moles (c) 0.6 moles (d) 0.4 moles 

ICBSE-PMT (Pre) 2008] 

pint: 2 Mn 04 + 16H^ + SCjOl- -» 2Mn^^ + lOCOj 


Number of moles of Mn 04 required to oxidise one mole of 


oxalate = — 
5 


= 0.4] 


152. Oxidation number of iodine in IO 3 , IO 4 , KI and I 2 

respectively; are: [PMT (Kerala) 2008] 

--- 

--(e)-+-5r+-75—1-7-0-(d)— 47 —- 

(e)-2,-5,-1, 0 

153. In the redox reaction : 

X KMn 04 + jNH, KNO, + MnOj + KOH HjO 

. (DPMT2I)09) 

(a) X = 4 , j = 6 (b) X = 3, y = 8 

(c) X = 8 , y = 6 (d) X = 8, y = 3 

pint; Balanced equation is : 

8 KMn 04 -f 3NH3-> 8 Mn 02 + 3KNO3 + 5 KOH + 2H2O ] 


154. The reaction: 

3C10"-^ClOj + 2Cr is an example of: 

(SCRA2009) 

(a) oxidation reaction 

(b) reduction reaction 

(c) disproportionation reaction 

(d) decomposition reaction 

155. Which of the following species will not exhibit dispro¬ 
portionation reaction? [A.MU (Engg.) 2009] 

(a) CIO" (b) CIO; 

(c) CIO; (d) CIO4 

156. Which of the following shows nitrogen with its increasing 

order of oxidation number ? ] PATf (Kerala) 20! 0] 

(a) NO < NjO < NO 2 < NO 3 < NH^ 

_ (b) NH; <N 20<N02 < NO; <NO _ 

-(g)-NHJ-<-N2O-<440-<-NO2'<-]W3'|-:- 

(d) NHj <NO <N20 <N02 '< NOi ' 

157. Oxidation states of P in H 4 P 2 O 5 , H 4 P 20 j,H 4 p 207 are 

respectively: . ‘ (A1PMT2010) 

(a) ■+■3, +5, +4 (b) +5, +3, +4 

- (c)-+5,44^ +3 (d)-+3-,+ 47--45 .. 


Assertion-Reason TYPE QUESTIONS 


Set-1 

The questions given below consist of an ‘Assertion’ (A) and 
‘Reason’ p). Use the following keys to choose the appropriate 
answer: s 

(a) If both (A) and (R) are correct, and (R) is the correct 
explanation pf (A). 

(b) If both (A) and (R) are correct, but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct, but (R) is incorrect. 

(d) If (A) is incorrect, but (R) is correct. 

1. (A) In aqueous solution, SO 2 reacts with H 2 S liberating 

sulphur. 

(R) SO 2 is an effective reducing agent. 

2. (A) Fluorine acts as a stronger reducing agent than oxygen. 
(R) Fluorine is more electronegative. 

3. (A) PbClj is more stable than PbCl 4 . 

(R) PbCl 4 is a powerful oxidising agent. 

4. (A) Among halogens fluorine is the. 

(R) Fluorine is the most electronegative element. 

5. (A) In the reaction between potassium permanganate and 

potassium iodide, potassium permanganate act as 
oxidising agent. 

(R) Oxidation state of manganese changes from +2 to +7 
during the reaction. 


Set-2 

The questions given below consist of two statements each as 
‘Assertion’(A) and ‘Reason’ (RX While answering these questions 
you are required to choose any one of the following four: 

(a) If both (A) and (R) are true, and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true, but (R) is not the correct 
explanation of (A). 

(c) If (A) is true, but (R) is false. 

(d) If (A) and (R) are both false. 

1. (A) Identification of cathode and anode is done with the help 

of thermometer. 

(R) Hi^er is the value of reduction potential, greater would 
be its reducing power. (rkllMS 1 999) 

2. (A) Zinc reacts with H 2 SO 4 to give Hj gas but copper does 

not. 

P) Zinc has higher reduction potential than copper. 

3. (A) Absolute electrode potential can be easily measured by 

using vacuum tube voltmeter. 

(R) Oxidation or reduction cannot take place alone. 

4. (A) Sulphur dioxide and chlorine are both bleaching agents. 

P) Both are reducing agents. (AUMS 1994) 

5. (A) Hydrogen peroxide acts only as oxidising agent. 

(H 2 O 2 -> HjO + O) 

(R) All peroxides behave as the oxidising agent only. 
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6 . (A) HCIO 4 is stronger acid than HCIO 3 . 

(R) Oxidation state of Cl in HCIO 4 is +VII and in HCIO 3 ; it is 
+V. 

7. (A) Oxidation number of Ni in Ni(CO )4 is taken zero. 

(R) The oxidation number of CO has been taken to be zero. 

8 . (A) Oxidation state of ‘H’ is +1 in CuHj and is -1 in CaH 2 . 
(R) Ca is stronger electropositive than hydrogen. 


9. (A) Iodine shows oxidation state of +1 and +3 in the 
compounds ICl and ICI 3 respectively. 

(R) Iodine coming below the halogens F, Cl and Br in the 
halogen group of elements in the periodic table shows a 
higher degree of electropositive nature. (SCRA 2007) 
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1. Oxidation states of carbon atoms in diamond and graphite are: 

(a) +2, +4 (b) +4, +2 (c) - 4,4 (d) zero, zero 

2. Oxidation state(s) of chlorine in CaOCl 2 (bleaching powder) 
is/are: 

(a) +1 and -1 (b) +1 only 

(c) -1 only (d) none of these 

3. Oxidation number of sulphur in Sg, S 2 F 2 and H 2 S are: 

(a)+2,0,+2 (b)0,+l,-2 (c)-2,0,+2 (d)0,+l,+2 

4. The reaction, HjS + H 2 O 2 -> 2 H 2 O + ^ shows: 


-fcj oxidisine^action of H 2 O 2 ( d ) alkaline nature o f H,0, 

5. For the redox reaction, 

Mn 04 + € 20 ^ + IT-> Mn + CO 2 + H 2 O, 

the correct coefficients of the reactants for the balanced 
reaction are: 


.IT . . 


Mn04 

n 

0 

4 ^ to 

1 

IT 


(a) 

2 

5 

16 


(b) 

16 

3 

12 


(c) 

15 

16 

12 


(d) 

2 

16 

5 

I 

6. Number of moles of KaCrjO- 

, that can be reduced by 1 


Sn^"^ ions is: 



S- 

1 

3 

5 

6 



(b ' 


(dH 


3 

2 

6 

5 

1 

[Hint: 

Balanced equation is; 




CtjOI 

■ + 14H’^ + 3Sn^’- — 

-^2Cr^’' 

+ 7 H 2 O + 3Sn'‘-" 


1 mole of Sn^* = - mole of Cr 207 ” ] 

7. The reaction, 3C10“ {aq .) -- > CIO 3 {aq.) + 2C1 ~(aq .), is an 

example of: 

(a) raiuction reaction 

(b) oxidation reaction 

(c) dkproportionation reaction 

(d) spallation reaction 

8 . The oxidation states of sulphur in Caro’s and Marshall’s acid 
are: 


(a)+ 6,+6 (b)+4,+6 

[Hint: 


(c)+ 6,-6 

0 


(d)+6,+4 


HjSOj Caro’s Acid H — O— S—O —O —H 


H2S20g Marshall’s Acid 
O 


H —O—S—O —O—S—O —H 


Both these acids have peroxy link.] 


9 . Which among the following compounds have +6 state with the 
metal atoms? 

(a)[Fe(CN)6f- (b)[Fe(CN)6]'- 

(c)(Cr(CN)6f- (d)Cr02Cl2 

10 . The oxidation number of nitrogen atoms in NH4NO3 are: 

(a)+ 3,+3 (b)+ 3,-3 (c)- 3,+5 (d)- 5,+3 

[Hint; NH4 NO^;f=+NH j + NOi 

NH; X + 4 = + 1 

__ ^3 

_^_ N 03 x '-6 = -1 ' 

x = + 5 ] 

11 . In the chemical reaction, 

K2Cr207 + XH2SO4 + ySOj-> K2SO4 + Ctj (SO4 >3 

+ zH20 

the values of x, y and z respectively are: 

(a)x=T,y=' 3 , z=”T .(b) x =- 4 ,'j ^ 1 ,-z = 4 . 

(c)x= 3 , >> = 2 ,z = l (d)x = 2,3' = 2 , z = 2 

12. In which of the following pairs both members contain peroxy 
linkage? 

(a) H2S2O8, H4P2O6 (b) H2SO5, H4P2O7 

(c)H2Ti04,H4P208 (d)S30j,P407 

13 . Which of the following agents is the most oxidising? 

(a)03 (b)KMn04 (c)H202 (d)K2Cr207 

14 . When methane is burnt in oxygen to produce COj and HjO, 
the oxidation number changes by: 

(a) -8 (b) zero (c) +8 (d) +4 

-4 4.4-4 

[Hint; CH4 + 2O2-> CO2 + 2H2O 

Oxidation number change = + 4 - (- 4 ) = + 8 ] 

15 . Which of the following has been aijanged in order of 
increasing oxidation number of nitrogen? 

(a) NH3 <N205 <N0<N2 

(b) N02 <N03' <N0; <'N~ 

(c) NH; <N2H4 <NH20H<N20 

(d) NO2 <NaN3 <NH^ <N20 

16 . In the ethylene molecule the two carbon atoms have the 
oxidation numbers: 

(a)-1,-1 (b)-2,-2 (c)-l,-2 (d)+2,-2 

17 . In which of the following coordination compounds do the 
transition metals have an oxidation number of +6? 
(a)[Cr(H20)4Cl2]Cl-2H20 (b)[Fe(CO)5] 

(c) [(HaO); Cr - O- Cr{H20)5 r 

(d) K 2 [Cr(CN) 202 ( 02 )NH 3 ] 

18 . In the redox reaction: 

xMnO + yPb02 + zHNOj-» HMn 04 + PbfNO,)! + HjO 

(a)x= 2 ,y= 5 ,z = 10 (b)x = 2 , y = 7 , z = 8 

(c) X = 2 , y = 5 , z = 8 (d)x = 2 , y = 5 , z = 5 
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19. 


20 . 


21 . 


22 . 


23. 


24. 


25. 


In the redox reaction; 
xKMnO^ + yNHj — 
(a)x = 4,>'=6 
(c)x=8,3^=6 


4 KNOj + MnOj + KOH + HjO 
(b)x=8,y=3 
(d) X = 3, j = 8 


In the ionic equation: 

xCHjCHjOH + yl 2 + zOH' 
(a) X = 1, 3 ' = 4, z = 6 
(c) X = 1 , = 8 , z = 12 


-4 CHI3 + HCO2 + r 


:4 

: 8 


+ HjO 


(b)x=l,;'= 6 ,z = 

(d) X = 1 , j = 8, z: 

The oxidation number of Cr is +6 in: 

(a)FeCr 204 (^KCrOjCl (c) CrO^ (d)[Cr(OH) 4 ]“ 

The oxidation number of carbon is zero in: 

(a)HCHO (b)CH 2 Cl 2 (dlQjH^iOn 

Which of the following have been arranged in order of 
decreasing oxidation number of sulphur? 

(a) H 2 S .O. > Na.S.O. > NaoS, 0 , > S » _. 


(h) so^-^ > SO^ 


>sor >Hso: 


(c) H 2 SO 5 > H 2 SO 3 > SCI 2 > HjS 

(d) H 2 SO 4 > SO 2 > HjS > H 2 S 2 O 8 

Oxidation number of carboxylic carbon atom in CH 3 COOH 
is: 

(a)+2 (b)+4 (c)+l (d)+3 

Which among the following are autoredox reactions? 

(a) P 4 + oir 


-> H2PO4 + PHj 

-4 sol" + s 


26. 


27. 


28. 


29. 


{b)S20r 

(c) H2O2-> H2O + O2 

(d) AgCl + NH3->[Ag(NH3)2]Cl 

Oxidation state of nitrogen is incorrectly given for: 

[PMT (Pb.) 2006] 

Compound OxidMon state 

(a) [Co(NH3)5Cl]Cl2 -3 

(b) NH20H : -1 

(c) (N2H5)2S04 +2 

(d) Mg 3 N 2 . -3 

Oxidation number of C in HNC is: 

(a) +2 (b) -3 

(c) +3 (d) zero 

pnt: HNC 

+l-3+x = 0 

X = +2 ] 

Which of the following groups of molecules act both as 
oxidising agent as well as reducing agent? 

(a) KMn04,03, SO3 (b) HCIO4, HNOj, H2O2 

(c) HNO2, SO2, H2O2 (d) HNO3, SO2, Hj SO4 

Match the List-I with List-II and select the correct answer 
from the given Codes: 


List-I List-n 

(Compound) (Oxidation state of nitrogen) 


A. 

N 205 



(i) -2 

B. 

NaN 3 



(ii) +5 

C. 

NO 



(iii) -1/3 

D. 

N 2 H 4 



(iv) +2 

Codes: a 

B 

C 

D 

(a) 

(ii) 

(iii) 

(iv) 

(i) 

(b) 

(i) 

(ii) 

(iii) 

■ ' (iv) 

(c) 

(iv) 

(i) 

(ii) 

(iii) 

(d): 

(iii) 

(i) 

(iv) 

(ii) 


30. The oxidation state of molybdenum in its 0 x 0 complex species 
[M0204CC2H4)2(H202)f-is: 

(a) 2 (b)3 (c)4 (d)5 

31. KMn 04 is a strong oxidising agent in acid medium. To provide 

...aeid-mediuBirHaSOx+s-'ised-iBsteaiof-HCl.-Tbis-is-because:— 

.,___; __[P MT (Ke ra la) 2007] 

(a) H 2 SO 4 is a stronger acid than HCl 

(b) HCl is oxidised by KMn 04 to Clj 

(c) H 2 SO 4 is a dibasic acid 

(d) rate is. faster in the presence of H 2 SO 4 

(e) only H 2 SO 4 is completely ionized 

32. Which of the following oxides cannot work as a ralucing 

agent? [PET (Raj.) 2006) 

(a) CO 2 ' (b) NO 2 (c) SO 2 (d) C 102 ^ 

33. The coordination number and oxidation state of Cr in 

Kj [Cr(C 204 )3 ] are respectively: [PET (Raj.) 2006| 

(a) 3 and + 3 (b) 2 and 0 

(c) 6 and+ 3 (d) 4 and+ 2 

34. The reaction, P 4 + 3NaOH + 3 H 2 O —^ 3 NaH 2 P 02 + PH 3 is 

an example of: |JEE (Orissa) 20081 

(a) disproportionation reaction 

(b) neutralisation reaction 

(c) double decomposition reaction 

(d) pyrolytic reaction 

35. Balance the following equation and choose the correct value 
of sum of coefficients of the products: 

CS2 + CI2 -^ CCI4' + S2CI2 

(a) 5 (b) 3 (c) 6 (d) 2 

36. 6 X 102^ mole K 2 Cr 207 reacts completely with 9 x 10^ ^ mole 

to give XO 3 and Cr'’ The value of ‘n’ is ; 

(a) 1 (b) 2 (c) 3 (d) 5 

37. Hydrazine reacts with KIO 3 in presence of HCl as; 

N2H4.+10; + 2ir + cr —^ ici + N2 + 3H2O 

The equivalent masses of N 2 H 4 and KIO3 respectively are : 

(a) 8 , 87 (b) 8 ,35.6 (c) 16,53.5 (d) 8 , 53.5 


C^ft4W&t4 ■ ' ' . ' ' I 


1 . (d) 

2 . (a) 

3- (b) 

4- (c) 

• 5- (a) 

«• (a) 

7. (c) 

8 . (a) 

(d) 

10 - (c) 

11 . (a) 

12 . (c) 

13. (a) 

14. (c) 

IS. (c) 

■lb. (b) 

17. (d) 

18. (a) 

W. (b) 

20 . (a) 

21 . (b, c) 

22 . (a, b, c, d) 

23. (a, c) 

24. (d) 

25. (a,b, c) 

26. (c) 

27. (a) 

28. (c) 

29. (a) ■ 

30. (b) 

31. (b) 

32. (a) 

33. (c) 

34. (a) 

35. (d) 

36. (a) 

37. (d) 
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Integer Answer TYPE QUESTIONS 


This section contains 9 questions. The answer to each 
of the questions is a single digit integer, ranging from 
0 to 9. If the correct answers to question numbers X, 
Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figure: 


X Y Z W 


©® ®© 
@ ® @ 

® © @ ® 
@® @@ 
© ® ® ® 
• ©© ® 
® ® © ® 


1. The oxidation number of Mn in the product of alkaline 

oxidative fusion of Mn02 is; (IIT 2009) 

[Hint: 4KOH + 2Mn02 + O 2 -^ 2 K 2 nIi 04 + 2 H 2 O] 

2. How many peroxy links are there in CrOj? 

... 

[Hint; Structure of CrOj is : | TCrCT | 

There are two peroxy links in this molecule. ] 

3. How many moles of electrons are involved in the conversion 
of 1 mol Cr 207 ^ into Cr^'*^ ion? 

Cr20^- + 14H^ + 6e- ->2Cr^^ + 7 H 2 O 


4 . In the following reaction, hydrazine is oxidised to N2 

N2H4 + OH“->N2 + H2O + 

The equivalent mass of N2H4 (hydrazine) is; 

5 . Nitrobenzene (C6H5NO2) can be reduced to aniline 
(C6H5NH2) by electrolytic reduction; the equivalent mass of 

nitrobenzene will be equal to . xhe value of 

n is; 

[Hint: C^5N02+ 6[H]->QH5NH2+ 2H2O ] 

Nitrobenzene Aniline 

6. How many sulphur atoms in Na2S40g have zero oxidation 
state? 

7 . 6x 10 "^ mole K2Cr207 reacts completely with 9 x 10 "^ moje 

x’'^ to give XO3 and Cr^^. The value of n ii; _.. 

8. The sum of oxidation number of nitrogen in NH4NO3 is; 

9 . The value of n in the molecular formula Be„Al2SigO,j is; 

(IIT 2010) 

[Hint: SigOJg^ is a cyclic silicate. The value of n will be ‘ 3 ’ to 

balance the charge Be„Al2SigO ig _ 

2 «+ 6-12 = 0 
n = 3 ] 



1 . ( 6 ) 



3. (6) 


8 . ( 2 ) 


2 . ( 2 ) 


4. (8) 


5. (6) 


6 . ( 2 ) 


7 . ( 1 ) 



Oxidation And Reduction 


UNKED COMPREHE^IpN TVPi 


(a) Ij is a reducing agent (b) Ij is an oxidising agent 
(c) SjOj ^ is a reducing agent (d) is an oxidising agent 

4. Determine the change in oxidation number of sulphur in H 2 S 
and SO 2 respectively in the following reaction: 


2 H 2 S + SO 2 - 


■ 2 H 2 O + 3S 


-(a)0, + 2: : (b)+2,^4 (c)-2, + 2 (d) + 4,0 

Which of the following reactions is/are correctly indicated? 


Oxidant 

(a) HNO 3 +Cu 

(b) 2Zn + O 2 

(c) CI 2 + 2Br” 

(d) 4 CI 2 + CH 4 


Reductant 

■ Cu^^ +NO 2 


2 Cr'+fir 2 
CCL + 4HC1 


• Passage 1 

Valency and oxidation number are different for an element. 
Valency of carbon is generally 4 . however, the oxidation state may be 
- 4 ,- 2 , 0 , + 2 ,- 1 , etc. In the compounds containing carbon, 
hydrogen and oxygen, the oxidation number of carbon can be 
calculated as: . 

Oxidation number of carbon = 

«c 

where, nn n^ and n^ are number of respective atoms. 

Answer the following questions: 

1 . Which of the following compounds have zero oxidation state 

at carbon? ^ '' - « - 

. .(a) CfiHijDg. ib). HCOOH._iclHCHO^^.i4ICH4 _ 

2 . Which of the following oxides of carbon has fractional 
oxidation state? 

(a) Carbon monoxide (b) Carbon dioxide 

(c) Carbon suboxide (d) All of these 

3 . Which of the following compounds of carbon has highest 
oxidation state? 

(a) CH4 (b) CH3OH (c) CHjO (d) HCOOH 

4 . Oxidation state of carbon in diamond is: 

(a) zero (b)+1 (c)-l (d)+2 

5. In which of the following compounds, the valency of carbon is 
two? 

(a) Carbenes (b) Allenes (c) Alkenes (d) Ketenes 

• Passage 2 i 

Oxidation and reduction process involves the transaction of 
electrons. Loss of electrons is oxidation and the gain of electrons is 
reduction. It is thus obvious that in a redox reaction, the oxidant is 
reduced by accepting the electrons and the reductant is oxidised by 
losing electrons. The reactions in which a species disproportionates 
into two oxidation states (lower and higher) are called 
disproportionation reactions. In elecppchemical cells, redox 
reaction is involved, i.e., oxidation takes place at anode and 
reduction at cathode. 

Answer the following questions: 

1 . The reaction, 

CI2-> Cl + CIO3 

is: 

(a) oxidation 

(b) reduction 

(c) disproportionation 

(d) neither oxidation nor reduction 

2 . Select the correct statement: 

(a) oxidation takes place at anode in electrochemical cell 

(b) reduction takes place at cathode in electrolytic cell 

(c) oxidation takes place at cathode in electrolytic cell 

(d) all are correct 

3 . In the reaction: 

I 2 + 2S20f 


• Passage 3 

Redox reactions are of three types: 

(i) Intermolecular redox reactions, 

(a) Intramolecular redox reactions, 

(Hi) Auto redox reactions 

OR ... 

Disproportionation reactions. 

Redox reactions are divided into two main types: 

(0 Chemical redox reactions, 

(ii) Electrochemical redox reactions which either produce 
or consume electricity. 

Oxidation and reduction process takes place in a reaction 
simultaneously. 

Answer the following questions: 

1 . Which of the following is a redox reaction? 

(a) NaCl + KNO3-> NaNOj + KCl 

(b) CaC 204 + 2 HC 1 -> CaCl2 + H2C2O4 

■ (c) Mg(OH)2 + 2NH4CI-> MgCli + 2NH4OH 

(d) Zn + 2 A^N —^ 2 Ag + Zn(CN)2' 

2 . Select the intramolecular redox reaction(s) among the 
following; 

(a) 2KCIO3-> 2 KC 1 + 3O2 

(b) (NH4 )2 Cr202-) N2 + CrjOa + 4H2O 

(c) ci2'^— ) cr + cio; 

(d) NH4N02->N2 + 2H20 

3 . In which of the following reactions, H2O2 acts as reducing 
agent? 

.(a) CI2 + H2O2-> 2 HC 1 + O2 ■ 

(b) H2O2 + O3-> H2O + 2O2 

(c) HCH 0 +H 202 -> HCOOH+ H2O 

(d) Pb02+H202 —^PbO+H20 + 02 . ■ ' 

4 . Which among the following acts as oxidising as well as 
reducing agent? 

(a)HN02 (b)HN03 (c)H2S04 (d)KMn04 

5. The value of x in the following reaction, 

MnO^" + 8 H* + xe-> Mn^'* + 4H2O is: 

(a) 5 (b )10 {c )2 (d )3 


21 " + 840 ^" 
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i. (a,c) 

X (c) 

3. (d) 

4 . (a) 

tsmagil. 

1 .- (c) 

2 . (a,b) 

3. (b,c) 

4 - (b) 

fsmagfS, 

E (d) 

2 . (a,b,d) 

3. (a; b, d) 

4 . (a) 


^ Self Assessment <§» 



5. (a) 

5; (a, c, d) 
S. (a) 




ASSIGNMENT NO. 11 


SECnON-l 

1 

SECTION-II 


St raight Objective Type Questions _ _ 

This section co ntains 8 mxil ti ple choic e que stions. Eac h 
questionhas 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

!• In the reaction: 

.S20^-+2r^2S05-+4 [PET (MP) 20071 

(a) oxidation of iodide into iodine takes place 
. (b) reduction of iodine into iodide takes place — 

(c) both oxidation and reduction of iodine takes place 

(d) none of the above 

2. The oxidation state of chromium in chromium trioxide is: 

[CET (J&K) 20071 

(a) + 3 (b) + 4 (c) + 5 (d) + 6 

3. For the reaction between K]V[n 04 and HjOj, the number of 
electrons transferred per mol of H 2 O 2 is: 

(a) one (b) two 

(c) three (d)fouT 

4. In the ionic equation, 

BiOJ + 6H:" + xe'-> Bi^^ + 3H2O 

the value ofxis: 

(a) 6 (b)2 

(c)4 (d)3 

5. In [Cr(02)(NH3)4H20]Cl2, oxidation number of Cr is +3, 
then oxygen will be in the form: 

(a) dioxo (b) peroxo 

(c) superoxo (d) 0 x 0 

6 . In the reaction, Cr 05 + SnCl 2 - * CrO^“ + SnCl 4 , the 

element undergoing oxidation and reduction respectively are: 
(a) Cr, Sn (b) Sn, Cr 

(c) Sn, O (d) Cl, C 

7. Equivalent mass of KMn 04 in acidic, basic and neutral are in 
the ratio of: 

(a)3:5:15 , {b)5:3:l 

(c)5:l:3 ' (d)3:.15:5 

8 . A compound of Xe and F is found to have 53.5% Xe. What is 
the oxidation number of Xe in this compound? 

(a)-4 (b)0 

(c)+4 (d) + 6 



-—ft^-PeroxMeioijErarerpresratinr 

(a)H 202 (b)Ba 02 

(c)OF 2 (d)H 2 S 208 


10 . The metals undergoing disproportionation are: 

(a)Sn (b)Na (c)Cu (d)Ca 

llj. ..The non-metals:undergoing disproportionation are:- - -.. 

(a)P4 (b)Cl2 (C)l 2 (d)F 

12 . Which of the following can act as oxidising as well as 
reducing agent? 

(a)03 (b)HN03 (c)S02 (d)H202 

13. When Clj reacts with aqueous NaOH in cold condition then 
oxidation nmnber of chlorine changes from 0 to: 

(a)-l (b) + l (c)-2 (d) + 2 

14 . Select those species that can function both as oxidising and 

also as reducing agent: [BHU (Mains) 2010] 

(a)KI (b)Kl3 (c)l2 (d)H202 

15. The species that contain peroxide ions are: 

[BHU (Mains) 2010] 

(a) PbOj (b) H2O2 (c) Sr02 (d) BaOj 

SECTION-III 

Assertion-Reason Type Questions 

This section contains 4 questions. Each question contains 
Statement -1 (Assertion) and Statement -2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement -1 is true; statement -2 is true; sfatement -2 is a 
correct explanation for statement-1. 

(b) Statement -1 is true; statement -2 is true; statement -2 is not 
a correct explanation for statement-1. 

(c) Statement -1 is true; statement -2 is false. 

(d) Statement -1 is false; statement -2 is true. 

16 . Statement^ : Spectator ions are the species that are present in 
the solution but do not take part in the reaction. 

Because 

Statement- 2 ; The phenomena of formation of H2O2 by the 
oxidation of H2O is known as auto-oxidation. 

pint; Zn + 2 Br + 2 Cr-> Zn^'" + 2 Cr + H2. Here, Cr 

ion is spectator ion.] 













Oxidation And Reduction 



17. Statement-1: Oxidation number of carbon in HCN is + 2. 

\ Because 

Statement-2: Carbon aWays shows jn^idation state of + 4. 

18. Statement-1: Bromide ion acts as a reducing agent in the 
reaction, 

2 Mn 04 + Br“ + HjO-> 2Mn02 + BrO; + 20ir. 


Because 

Statement-2: Oxidation number of bromine increases from -1 
to + 5. 

19. Statement-1: Oxidation number of carbon in HCHO is zero. 

Because 

Statement-2: HCHO is a covalent organic compound. 

SECnON-fV 

Matrix-Matching Type Questions 

This secflon intern 3^ quesHons. ^ach ^estim 
statemenrgivM m two^oluims'wffidrfiave To be mat^^^^ 
Statemente (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 


p .-q.T-.s., 



If the correct matches are (a-p,s); (h-q,r); (c-p,q) and (d-s); 
then correct bubbled 4 x 4 matrix shouldfre as follows: 

20 . Match the Column-I with Column-II: 

CoIumn-I Column-II 

(Chemical species) (Oxidation number 

of sulphur) 

(a) S (p) + 6 

(b) H2S (q)+I 

(c) S2Cl2 (r)0 

(d) H2S20, (s)-2 

21 . Match the ColumnT with Column-II: 

Column-I . Column-II 

(Compound) (Oxidation state 

of sulphur) 

(a) Sulphurus acid (H2SO3) (p) + 5 

(b) Peroxy mono sulphuric (T) + 3 

.. aciddHj^J “r".. ..'. 

(c) Dithiofflc acidXHTaSjOjT. (f) +6 ' 

(d) Dithionous acid (H2S2O4) (s) + 4 

22 . Match the Column-I with Column-II: 

Column-I Column-II 

(^) O2 - > O2 + O^” (P) Redox reaction _ 

0 >) Cr04" + H^- i (q) One of the products has • 

trigonal planar structure 

(c) Mn04 + NO2 + H^- > (r) dimeric bridged 

tetrahedral metal ion 

(d) NO3 + H2SO4 + Fe^”^ -> (s) disproportionation 




l.(a) 2.(d) 

9.(a, b, d) 10. (a, c) 

17. (c) 18. (a) 

22 .(a-p,s)(b-r)(c-p,q) (d-p) 


4.(b) S.(c) 6.(c) 7.(d) 

12.(c,d) 13.(a,b) 14.(b,c,d) 15.(b,c,d) 

20 . (a-r) (b-s) (c-q) (d-p) 21. (a-s) (b-r) (c-p) (d-q) 


3.(c) 

11 .(a, b, c) 
19. (b) 


8 .(d) 
16. (b) 










SECTION I: ELECTROLYTES AND ELECTROLYSIS 


121 INTRODUCTION 

Electrochemistry deals with the interactions of electrical energy 
with chemical species. It is broadly divided into two categories, 
nmnely (i) production of chemical change by electrical energy 
(phenomenon of electrolysis) and (ii) conversion of chemical 
energy into electrical energy, i.e., generation of electricity by 
spontaneous redox reactions. In this chapter both of these aspects 
will be described. All electrochemical reactions involve transfer 
of electrons and are, therefore, oxidation-reduction (redox) 
reactions. 

Substances which allow the passage of electric current 
through them are called electrical conductors or simply 
conductors. Those which do not allow the flow of electric current 
through them are termed insulators. Electrical conductors are of 
two types: 

(i) MetaUic or electronic conductors: Conductors which 
transfer electric current by transfer of electrons, without transfer 
of any matter, are known as metallic or electronic conductors. 
Metals such as copper, silver, aluminium, etc., non-metals like 
carbon (graphite—^an allotropic form of carbon) and various 
alloys belong to this class. These materials contain electrons 
which are relatively See to move. The passage of current through 
these materials has no observable effect other than a rise in their 
temperature. 

(ii) Electrolytic conductors: Conductors like aqueous 
solutions of acids, bases and salts in which the flow of electric 
current is accompanied by chemical decomposition are known as 
electrolytic conductors. The substances whose aqueous 
solutions allow the passage of electric current and are chemically 
decomposed, are termed electrolytes. 

The substances whose aqueous solutions do not conduct 
electric current are called non-electrolytes. Solutions of cane 
sugar, glycerine, alcohol, etc., are examples of non-electrolytes. 

In order to pass the current through an electrolytic conductor 


(aqueous solution or fixsed electrolyte), two rods or plates 
(metallic conductors) are always needed which are connected 
with the terrninais of a battery. These rods or plates“are^knownM” 
electrodes. The electrode through which the current enters the 
electrolytic solution is called the anode (positive electrode) while 
the electrode through which the current leayes the electrolytic 
solution is known as cathode (negative electrode). The 
electrolytic solution conducts electricity not by virtue of flow of 
electrons as in metallic conductors but as a result of movement of 
charged particles called ions towards the respective oppositely 
charged electrodes. The ions which carry positive charge and 
move towards cathode are termed cations while iom carrying 
negative charge which move towards anode are called anions. 
When these ions reach the boundary between a metallic and an 
electrolytic conductor, electrons are being either attached to or 
removed from the ions. Removal of electrons is termed oxidation 
(de-electronation) which occurs at anode while addition of 
electrons is called reduction (electronation) that takes place at 
cathode. Hence, flow of electrons through the outer circuit.ifom 
anode to cathode across the boundary is accompaniai by 
oxidation and reduction. 


Distinction between metallic and electrolytic conduction 


Metallic conduction 

1. Electric current flows by 
movement of electrons. 

2. No chemical change occurs. 

3. It does not involve the transfer 
of any matter. 

4. Ohm’s law is followed. 

5. Resistance increases with 
increase of temperature. 

6. Faraday’s law is not followed. 


Electrolytic conduction 

Electric current flows by 
movement of ions. 

Ions are oxidised or reduced at 
the ..icctrodes. 

It involves transfer of matter in 
the form of ions. 

Ohm’s law is followed. 
Resistance decrease's with 
increase of temperature. 
Faraday’s law is followed. 
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The process of chemical decomposition of an electrolyte by 
passage of electric current through its solution is called 
electrolysis. 

Or 

Chemical change (oxidation and reduction) occurring at 
electrodes when electric current is passed through electrolytic 
solution is called electrolysis. 

Molecules of an electrolyte when dissolved in water split up 
into ions, i. e, into cations and anions. On passing current, these 
ions move towards oppositely charged electrodes. On reaching 
the electrodes the ions lose their charge either by accepting 
electrons or losing electrons and thereby deposited at the 
respective electrodes or undergo a secondary change. For 
example, when electric current is passed through a solution of 
hydrochloric acid, the ions move towards cathode and Cl“ 
--ioHSTHOve-towards-aaode,---^-- 


- 


nK.L ^ — 

Cathode 

— n -r 

/ \ 

Anode 

H* +e” - 

-~+H 

Cl” ^ 

—> Cl + 6 

2H- 

-^H2 

2C1- 

^Clj 


(Reduction) (Oxidation) 

The decomposition of HCl into H 2 and Cl 2 as a result of 
passage of current is termed electrolysis of HCl. It is, thus, a 
process in which electric current brings the chemical change. 

The device in which electrolysis (chemical reaction involving 
oxidation and reduction) is carried out by using electricity or in 
which conversion of electrical energy into chemical change is 
done is known as electrolytic cell. An electrolytic cell consists of 
a vessel for the electrolytic solution or fiised electrolyte and two 
metallic electrodes immersed in the reaction material which are 
connected to a source of electric current. The metallic electrodes 
which do not react with ions or final products are called inert 
electrodes. Inert electrodes are usually used in an electrolytic 
cell. 


12.2 PREFERENTIAL DISCHARGE THEORY 


If an electrolytic solution consists of more than two ions and the 
electrolysis is done, it is observed that all the ions are not 
discharged at the electrodes simultaneously but certain ions are 
liberated at the electrodes in preference to others. This is 
explained by preferential discharge theory. It states that if more 
than one type of ions are attracted towards a particular electrode, 
then the one discharged is the ion which requires least energy. 
The potential at which the ion is discharged or deposited on the 
appropriate electrode is termed the discharge or deposition 
potential. The values of discharge potential are different for 
different ions. For example, the discharge potential of H ^ ions is. 
lower than Na"^ ions when platinum or most of the other metals* 
are used as cathodes. Similarly, discharge potential of Cl” ions is 


lower than that of OH” ions. This can be explained by some 
examples given below: 

(i) Electrolysis of sodium chloride solution 

The solution of sodium chloride besides Na^ and Cl” ions 
possesses H* and OH” ions due to ionisation of water. 
However, the number is small as water is a weak electrolyte. 
When potential difference is established across the two 
electrodes, Na^ and H ^ ions move towards cathode and Cl” and 
OH ” ions move towards anode. At cathode H * ions are 
discharged in preference to Na * ions as the discharge potential of 
H * ions is lower than Na^ ions. Similarly at anode. Cl” ions are 
discharged in preference to OH ” ions. 

NaCl^=^Na*+Cr / 

__^. H,o^= j^H *+OH ”_,_ 

___At cathode_,_ At anode _ 

H*+e--er—>Cl + e” 

2H->H2 2C1->Cl2 

Thus, Na'*' and OH ” ions remain in solution and the solution 
when evaporated yields crystals of sodium hydroxide. 

(il) Electrolysis of copper sulphate solution ustftg” 
platinum electrodes 

CUSO 4 ^=iCu^* +SO^” 

H20;^H" +OH- 
At cathode ■ At anode 

■ Cu^* + 2e -^ Cu 20r-> H^O + O + 2e” 

.0 + 0-> O 2 

Copper is discharged at cathode as Cu^* ions have lower 
discharge potential than H * ions. OH” ions are discharged at 
anode as these have lower discharge potential than SO 4 ” ions. 
Thus, copper is deposited at cathode and oxygen gas is evolved at 
anode. 

(ill) Electrolysis of sodium sulphate solution using 
inert electrodes 

Na 2 S 04 2Na* + SO^” 

HjO^^H* +0H” 

At cathode At anode 

H * + e”-> H 20H”-> HjO + Q + 2c” 

2H—+H 2 0 + 0 ->©2 

Hydrogen is discharged at cathode as H * ions have lower 
discharge potential than Na * ions. OH “ ions are dischaiged at 
anode as these have lower discharge potential than SO 4 ” ions. 
Thus, hydrogen is evolved at cathode and oxygen is evolved at 
anode, i.e., the net reaction describes the electrolysis of water. 
The ions of Na 2 S 04 conduct the current through the solution and 
take no part in the overall chemical reaction. 


*When Hg is used as a cathode, Na^ ions have lower dischaige potential than H * ions. 
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The decreasing order of discharge potential or the increasing 
order of deposition of some of the ions is given below: 

Per «att 6 «ssK", Na", Ca , Mg"", Al"", Zn , H ", Cu , 

Hg"".Ag" 

Per SO 4 , NO 3 , OH , Cl , Br , I 

(iv) ElOGtotdysis^ sti^tHde soiu)^ 

CUSO 4 ^Cu""-+ SOf ' 

At cathode, copper is deposited. 

Cu""+2e"-^Cu 

At anode, the copper of the electrode is oxidised to Cu "" ions 
or so"” ions dissolve equivalent amopit of copper of the 
anode. 

-Cu->Cu"" +2r_ . 

~’or ^ Cu + SOf->CuS 04 + 2 e“ 

Thus, during electrolysis, copper is transferred from anode to 
cathode. 

(v) Elec^^i^ of ^itver us^ 

^. ----- 

AgNOj T==iAg" + NO; . 

At cathode, silver is deposited. 

Ag" +e~ - >Ag 

At anode, the silver of the electrode is oxidised to Ag" ions 
which go into the solution or NO3 ions dissolve equivalent 
amount of silver of the eleettode. 

Ag-^Ag" + 

Ag + NOj-—-4AgN03+c“ 


'BMellJl S — I t M w reF t i wyl tn rf Ht clwil y a s 


- 





Aqueous 
acidified GUCI 2 
solution 

pt 

Cu""+2e“- 

-^Cu 

2C1 -^ CI 2 + 26 

Molten PbBr 2 

pt 

Pb""+ 2e^- 

->Pb 

2Br^- >Bi2 + 2e" 

Sodium 

chloride 

solution 

Hg 

2Na'"+2e"- 

—>2Na 

2C1 -^ CI 2 + 26 

Silver nitrate 

solution.. 

Pt 

4g" + 

Ag 

20 H-—^ 

JO 2 + H 2 O + 2e‘ 

Sodium nitrate 
solution 

Pt 

2H"+ 2e"- 


20H- —> 
i02 + H20+-2e' 


FARADAY’S LAWS OF ELECTOOLYSIS 

The relationship between the quantity of electric charge passed 
through an electrolyte and the amount of the substance deposited 
at the electrodes was presented by Faraday in 1834, in the form of 
laws of electrolysis. 

0) jRaradaYs first law 

When an electric current is passed through an electrolyte, the 
amount of substance deposited is proportional to the quantity of 
electric charge p^sed through the electrolyte. 

If W be the mass of the substance deposited by passing Q 
coulomb of charge, then according to the law, we have the 
relation; 

A coulomb is the quantity of charge when a current of one 
.-ampere4s-^ass ed fo r- on e-sec ond. Thus, amount o f ch ^e-in- 

...jcojulombs^-^--—:---- 



Q = current in amperes x time in seconds 



So, 

W.ocjxt 

or. 

W = Z_xXxi . . ...... . 


where, Z is a constant, known as electrochemical equivalent, 
and is characteristic of the substance deposited. 

When a current of one ampere is passed for one second, i.€. , 
one coulomb (0 = 1), then 

W = Z 

Thus, electrochemical equivalent can be defined as the mass 
of the substance deposited by one coulomb of charge or by 
one ampere of current passed for one second. For example, 
when a charge of one coulomb is passed through silver nitrate 
solution, the amount of silver deposited is 0.001118 g. This is the 
value of electrocheniicarequlvalent of silver. 

<fi) f^aday’s second law 

When the same quantity of charge is passed through different 
electrolytes, then the masses of different substtoces deposited at 
the respective electrodes will be in the. ratio of their equivalent 
masses. 



H2SO4 Solution CUSO4 Solution AgNOs Solution 


12.1 arranged in seri^ 
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The law can be illustrated by passing same quantity of electric 
current through three voltameters containing solutions of 
H 2 SO 4 , CUSO 4 and AgN 03 respectively as shown in Fig. 12.1. 
In the first voltameter, hydrogen and oxygen will be liberated; in 
the second, copper will be deposited and in the third, silver will 
be deposited. 

Mass of hydrogen _ Equivalent mass of hydrogen 


or 


or 


Mass of copper 
Mass of copper 
Mass of silver 
Mass of silver 


Equivalent mass of copper 
Equivalent mass of copper 
Equivalent mass of silver 
Equivalent mass of silver 


Mass of hydrogen Equivalent mass of hydrogen 
It is observed that by passing one coulomb of electric charge. 
Hydrogen evolved = 0.00001036 g. 


Copper deposited = 0.0003292 g. 


and Silver deposited = 0.001118 g 

These masses are in the ratio of their equivalent masses. From 
these masses, the amount of electric charge required to deposit 
one equivalent of hydrogen or copper or silver can be calculated. 

1 


For hydrogen = 


For copper = 


For silver = 


0.00001036 
' 31.78 


= 96500 coulbrhb 


0.0003292 
107.88 


“ 96500 coulomb 


=> 96500 coulomb 


0.001118 

This follows that 96500 coulomb of electric charge will 
deposit one g-equivalent of any substance. 96500 coulomb is 
termed as one Faraday and is denoted by F. 

Again according to first law, 

W = ZxQ 

When, Q = 96500 coulomb, IF becomes gram equivalent mass 

(£). 

Thus, E = Zx 96500 

E 


or 


96500 

£1 


Fundamental unit of charge: As one g-equivalent of an 
ion is liberated by 96500 coulomb, it follows that charge carried 
by one g-equivalent of an ion is 96500 coulomb. If the valency of 
an ion is ‘ n’, then one mole of these ions will carry a charge of nF 
coulomb. One g-mole of an ion contains 6.02 x 10^^ ions. Then, 

nF 

The charge earned by an ion =-coulomb 

6 . 02 x 10 ^^ 

For n = 1, 

F 

The fundamental unit of charge = ■ 


6.02x10 


23 


i.e.. 


or 


96500 


= 1.6 X 10 coulomb 


6.02 X 10 


,23 


1 coulomb *= 6.24 x lO'* electrons 


_ The rate of flowing of electric charge through a conductor is 

called the electric cmrent. 

Electric charge 


Electric current = ■ 


1 ampere = 


Time 
1 coulomb 
1 second 


Volt is a imit of electrical potential difference. It is defined as 
potential energy per unit charge. 

1 joule 1 newton x 1 metre 

1 volt =-=- 

1 coulomb 1 ampere x 1 second 

Electrical energy = Potently difference x Quantity of charge 
= VxQ 

= VxI xt (7 = ampere; t = second) 
= watt- second 

Faraday’s Law for Gaseous Electrolytic Product 


We know that. 


W = ZQ 
= ZIt 




where. 


96500 

Z = El 96500 

Equation (i) is used to calculate the mass of solid substance 
dissolved or deposited at an electrode. 

For the gases, we use 

ItV. 


V = - 


96500 


....(ii) 


It is the unit of electric charge. It is the amount of ch^ge that moves past any given point in a circuit when a current of I ampere is 
supplied for one second. 

1 coulomb = 1 ampere-second 

It is also defined as the amount of charge which is required to depositby electrolysis 0.001118 gof silver fl-om a solution of silver nitrate. 

An electron has 1.6 x 10”'® coulomb of negative charge. Hence, one coulomb of charge is carried by 6.24 x lO'® electrons. 1 mole of electrons carry 
a charge of 96500 coulomb. This quantity of charge is called Faraday. 

Charge carried by 1 mole of electrons 


= (6.023 x10^") (1.6 xlO”*'') 
= 96368 coulomb 
= 96500 coulomb 
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where, F = Volume of gas evolved at STP at an electrode 
Fg = Equivalent volume 

= Volume of gas evolved at an electrode at STP by 
1 faraday charge 

lUnstration 

O 2 : M = 32, E = S 

32g02 s 22.4 L at STP 
SgOa = 5.6LatSTP 

Thus,F, of O 2 = 5.6L 

Hj: M = 2, E=l 

2gH2 =22.4LatSTP 
IgHj sll,2 LatST^ 

Thus,F^ ofH 2 =11.2L 
. .= 717^^553 

L at STP 
35.5 gClj sll.2LatSTP 

Thus, F^ of CI 2 =11.2L 

12.4 APPLICATIONS OF ELECTROLYSIS 

The phenomenon of electrolysis has wide applications.The 
important ones are: 

(1) Determination of equivalent masses of 
elements: According to second law of electrolysis when the 
same quantity of electric current is passed through solutions of 
salts of two different metals taken in two different cells, the 
amounts of the metals deposited on the cathodes of the two cells 
are proportional to their equivalent masses of the respective 
metals. If the amounts of the metals deposited on the cathodes be 

and Wg respectively, then 

_ Equivalent mass of A 

Wg ^ Equivalent mass of B 

\ 

Knowing the equivalent mass of one metal, the equivalent 
mass of the other metal can be calculated from the above 
relationship. The equivalent masses of those non-metals which 
are evolved at anodes can also be determined by this method. 

(2) Electrometallurgy: The metals like sodium, potassium, 
magnesium, calcium, aluminium, etc., are obtained by 
electrolysis of fused electrolytes. 

Fused electrolyte Metal isolated 


NaCl + CaCL + KF 

Na 

CaCL + CaFj 

Ca 

AI 2 O 3 + cryolite 

A1 

MgClj (35%) + NaCl (50%) + CaClj (15%) 

Mg 

NaOH 

Na 

KCl + CaClj 

K 

(3) Manufacture of non-metals: 

Non-metals 


hydrogen, fluorine, chlorine are obtained by electrolysis. 

(4) Electro-refining of metals: The metals like copper, 
silver, gold, aluminium, tin, etc., are refined by electrolysis. 


M = Molecular mass 
E = Equivalent mass 


(5) Manufacture of compounds: Compounds like NaOH, 

KMn 04 , etc., are 


KOH, NajCOj, 


KCIO 3 , white lead. 


manufactured by electrolysis. 

( 6 ) Electroplating: The process of coating an inferior metal 
with a superior metal by electrolysis is known as electroplating. 

The aims, of electroplating are: 

(i) To prevent the inferior metal from corrosion. 

(ii) To make it more attractive in appearance. 

The object to be electroplated is made the cathode and block 
of the metal to be deposited is made the anode in an electrolytic 
bath containing a solution of a salt of the anodic metal. On 
passing electric current in the cell, the metal of the anode 
dissolves out and is deposited on the cathode-article in the form 
of a thin film. The following are the requirements for fine 
coating: 

(i)^ 


_matter-and4ts-oxide4ay€iLTFhe-surfaee-4s-eleaned^wiA- 

chromic acid or detergents. 

(ii) The surface of the article should be rough so that the 
metal deposited sticks permanently. 

(iii) The concentration of the electrolyte should be so 

adjusted as to get smooth coating._ _ 

(iv) Current density must be the same throughout. 


For 

electroplating 

Anode 

Cathode 

Electrolyte 

With copper 

Cu 

Object 

CUSO 4 + dilute H 2 SO 4 

Wth silver 

Ag 

Object 

KAg(CN )2 

With nickel 

Ni 

Object 

Nickel ammonium sulphate 

With gold 

Au 

Object 

KAu(CN )2 

With zinc 

Zn 

Iron objects 

ZnS 04 

With tin 

Sn 

Iron objects 

SnS 04 


Thickness of Coated Layer 

Let the dimensions of metal sheet to be coated be 
(a cm X h cm). 

Thickness of coated layer = c cm 

Volume of coated layer = (a x h x c) cm^ 

Mass of the deposited substance = volume x density 

= {axbxc)xd g 

. , , , IxtxE 

(axbxc)xd = - 

96500 


Using above relation we may calculate the thickness of coated 
layer. 

Note: Sometimes radius of atom of deposited metal is given instead of 
density, eg, 

Radius of silver atom = 10"* cm 


Atomic mass of Ag 
Mass of single silver atom 

Volume of single atom 


= 108 

108 

6.023 X 10^ ® 
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= ix3.14x(10-*f cm’ 


„ , . . Mass of single atom 

Density of Ag =- ^^ - 

Volume of single atom 


108/6.023 xltf’ 
|x3.14x(10‘*)’ 


= 42.82 g/cm’ 


Current Efficiency 

Sometimes the ammeter shows false current due to 
mechanical fault. In this case, 


% current efficiency = 


Actual current 

—-x 100 

Ammeter current 


[Note ; The conditions for the operating electrolytic cell are: 

' . AG > 0and£<01 .... 


I Example 4. Exactly 0.4 faraday electric charge is passed 
through three electrolytic cells in series, first containing AgNO^, 
second CuSO^ and third FeCl^ solution. How many grams of 
each metal will be deposited assuming only cathodic reaction in 
each cell? 

Solution: The cathodic reactions in the cells are 
respectively, 


Ag’’ + e — 
1 mole 1 n*ol® 

-^Ag 

108 g IF 


Cu^+ + 2 e“ - 
1 mole 2 mole 
63.5 g 2F 

-bCu 

Fe^^ + 3e“ - 
1 mole 3 mole 

-^Fe 

56 g 3 F 



-. • n nn 

Example 1. Find the charge in coulomb on 1 g-ion of 

Solution: Charge on one ion of 

.: = 3 X1 .6 X10 coulomb. 

one g-ion = 6.02 x 10 ^’ions 
Thus, charge on one g-ion of N’“ 

= 3x1.6x10“*’X 6 . 02 x 10 ^’ 

= 2.89 X 10^ coulomb 

Example!. How much charge is required to reduce 
(a)l moleofAl^^ to Aland (b) I mole of MnO^ toMn^^? 


~lfence^-AgTieposited~=Tfi8-x-0:4^43r2-g-^- 

Cu deposited = x 0.4 = 12.7 g 
56 

and Fe deposited = — x 0.4 = 7.47 g 

Example 5. An electric current of 100 ampere is passed 
through a molten liquid ofsodium chloride for 5 hours. Calculate 
the volume of chlorine gas liberated at the electrode at NTP. 
Solution: The reaction taking place at anode is: 

2Cr -^ CI 2 + 2e“ 

71.0g 71.0g 2 X 96500 coulomb 

1 mole 



Solution: 


(a) The reduction reaction is: 


Al^+- + 
1 mole 


3e“ 

3 mole 


4A1 


Thus, 3 mole of electrons are needed to reduce 1 mole of Al’"’. 
Q = 3xF 


g = / X t = lOOx 5x 60x 60coulomb 

The amount of chlorine liberated by passing 100 x 5 x 60 x 60 
coulomb of electric charge 

=-i-X 100 X 5 X 60 X 60 = 9.3264 mole 

2x96500 


= 3 X 96500 = 289500 coulomb 
(b) The reduction reaction is: 

Mn04+ 8 H’^ + 5e‘ ->Mn^^+ 4 H 2 O 

1 mole 5 mole 


Q=5xF 

= 5 X 96500 = 482500 coulomb 
Examples. How much electric charge is required to 
oxidise (a) Itmle ofH 20 to O 2 and (b) Imole ofFeOto Fe 20 ^ ? 
Solution: (a) The oxidation reaction is: 


HjO - 
1 mole 


2 ^ 


+ 2H 


+ 2e" 

2 mole 


Q = 2xF 

= 2x 96500= 193000coulomb 
(b) The oxidation reaction is: 

FeO+iHjO->iFe 203 +e“ 

Q = F = 96500 coulomb 


Volume of CI 2 liberated at NTP = 9.3264 x 22.4 = 208.91 L 

Example 6 . ^100 watt, 110 volt incandescent lamp is 
connected in series with an electrolytic cell containing cadmium 
sulphate solution. What mass of cadmium will be deposited by the 
current flowing for Id hours? 

Solution: We know that, 

Watt = ampere x volt 

100 = ampere x 110 

* 100 
Ampere = — 

110 

Quantity of charge = ampere x second 

= —X 10 x 60 X 60 coulomb 

no 

The cathodic reaction is: 

Cd^^ + 2e' -bCd 

112.4 g 2 x 96500 c 
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Mass of cadmium deposited by passing 10x60x60 


coulomb charge 
112.4 


100 


X — xl0x60x6Q= 19.0598 g 
2x96500 110 

' Example?. Jn an electrolysis experiment, a current was 
passedfor 5 hours through two cells connected in series. The first 
cell contains a solution of gold salt and the second cell contains 
copper sulphate solution. 9.85 g ofgold was deposited in the first 
cell. If the oxidation number of gold is + J find the amount of 
copper deposited on the cathode in the second cell. Also 
calculate the magnitude of the current in ampere. 

Solution: We know that, 

Mass of Au deposited _ Eq. mass of Au 
^ Mass of Cu deposited Eq. mass of Cu ' 


-Eq7 massofAT 


.192L 


TBq. mass ot Cu : 


-j 62 A^ 


or 


Mass of copper deposited 

= 9.85x —X —g = 4:7625g 
2 197 

Let Z be the electrochemical equivalent bfCu; 

£ = Zx 96500 

2 = ^ 


Applying 


4.7625 


96500 2x96500 
W = ZxIxt 

t = 5 hour = 5 X 3600 second 
63.5 


2x96500 


■ X / X 5 X 3600 


or 


/ = 


4.7625x2x96500 


: 0.804 ampere 


63.5 X 5 X 3600 

^Example 8 . How long has a current of 3 ampere to be 
applied through a solution of silver nitrate to coat a metal 
surface of BO cm^ with 0.005 mm thick layer? Density of silver is 
10.5 g/cm^. 

Solution: Mass of silver to be deposited 
= volume X density 
= Area x thickness x density 

Given; Area =80cm^, thickness = 0.0005 cm and density 
= 10.5g/cm^ 

Mass of silver to be deposited = 80 x 0.0005 x 10.5 

= 0.42g 

Applying to silver E = Zx 96500 
96500 ® 

Let the current be passed for t seconds. 

We know that, W = Zxl x t 


So, 


0.42 = 


108 


x 3x / 


or 


96500 
0.42x96500 
108x3 


125.09 second 


Example 9. What current strength in ampere will be 
required to liberate 10 g of chlorine Jrom sodium chloride 
solution in one hour? 

Solution: Applying E = Zx 96500 (E for chlorine = 35.5), 

35.5 = Zx 96500 
35.5 

or Z =-g 

96500 

Now, applying the formula 

W = ZxJxt _ 


where, If = lOg, Z = 


- 35 : 5 ^ 

96500’ 


/ = 


10x96500 
35.5x 3600 


60x60 =3600 second 


= 7.55 ampere 


Example 10. 0.2964 g of copper was deposited on passage 
of a current of 0.5 ampere for 30 minutes through a solution of 
copper sulphate. Calculate the atomic mass of copper. 

(lfaraday = 96500 coulomb) 

Solution: Quantity of charge passed 

= 0.5 X 30 X 60 = 900 coulomb 
900 coulomb deposit copper = 0.2964 g 

0 2964 

96500 coulomb deposit copper = ^-x 96500 = 31.78 g 

900 

. Thus, 31.78 is the equivalent mass of copper. 

At. mass = Eq. mass x Valency 
= 31.78x2=63.56 

j. Example 11. 19 g of molten SnCl 2 is electrolysed for some 

time using inert electrodes until 0.119 g of Sn is deposited at the 
cathode. No substance is lost during electrolysis. Find the ratio 
of the masses ofSnCl 2 : SnCl^ after electrolysis. 

Solution: The chemical reaction occurring during electrol^is 
is; 

2 Sna2 -»Sna 4 + Sn 

2xl90g 261 g 119 g 

119 g of Sn is deposited by the decomposition of 380 g of 


SnQ 


2 - 


So, 0.119 g of Sn is deposited by the decomposition of 

lOA 

- 0.380 g of SnQj 


xO.119 


119 

Remaining amount of SnCl 2 = (19 - 0.380) = 18.62 g 
380 g of SnCl 2 produce = 261 g of SnCl 4 
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So, 0.380 g of SnCl, produce = —- x 0.380 = O.ldl'g of SnQ 4 
^ ^ 380 

Thus,the ratio SnCl, : SnCl 4 = , i. e., 71.34 ; 1 

^ 0.261 

. T: ^ Example 12. A current of 2.68 ampere is passed for one 
hour through an aqueous solution of copper sulphate using 
copper electrodes. Calculate the change in mass of cathode and 
that of the anode. (At. mass of copper = 63.5 ) 

Solution: The electrode reactions are; 

Cu + 2e~ —Cu (Cathode) 

Imole 2 X 96500C 

Cu Cu^-' + 2e” (Anode) 

Thus, cathode increases in inass as.jCQpper-ixjdeposited-on-it-. 
. and the anode decreases in mass as copper-ffom it dissolve s. _ 

" Charge passed through cell = 2.68 x 60 x 60 coulomb 

63 5 

Copper deposited or dissolved =-—^-x 2.68 x 60 x 60 

2 X 96500 

. ..=3T74,g 

Incre^ in mass of cathode = Decrease in mass of anode 

= 3.174g' 

3 ^_Exaiiiple^l 3 . An ammeter arid a copper 'voltameter are 
connected in series through which a constant current flows. The 
, ammeter show% 0.52 ampere. If0.635 g of copper is deposited in 
one hour, what is the percentage error of the ammeter? 

(At. mass of copper = 63.^ 

Solution: The electrode reaction is: 

Cu^++ 2e- ->Cu 

Imole 2 x 96500 C 


Solution: The electrode reaction is: 

+ - 2e“ ->Ni 

Imole 2 x96500 c 

Quantity of electric charge passed 

= 3.7 X 6 X 60 X 60 coulomb = 79920 coulomb 
Number of moles of Ni(N 03)2 decomposed or nickel deposited 

= ‘ ".- X 79920= 0.4140 

2x96500 

Number of moles of Ni(N 03)2 present before electrolysis 
= 0.5x2= 1.0 

Number of moles of Ni(N 03 ) 2 present after electrolysis 
= (1.0-0.4140)= 0.586 
Since, 0.586 moles are present in 0.5 litre, 

- Molarity ^>ftfa:e^ohrtkMr=^-07586= tflTrM - 

and get deposited at the cathode. The molarity of the solution 
will, thus, remain unaffected. 

• ■ Example 15. An acidic solution of Cu^"" salt containing 
0.4 g ofCu^* is electrolysed until all the copper is deposited. The 
electmlysis ts conttmedfdrsevm Wore mihWeswlWvolume of 
solution kept at 100 m£ and the current at 1.2 amp. Calculate the 
gases evolved at NTP during the entire electrolysis. 

Sdlution: 0.4 g of Cu . = 0.0126 g- equivalent 

31.75 

At the same time, the oxygen deposited at anode 
= 0.0126 g- equivalent 

=— X 0.0126= 0.00315 g-mole 
.32 

After the complete deposition of copper, the electrolysis will 
discharge hydrogen at cathode and oxygen at anode. 


63.5 g of copper deposited by passing charge 
= 2 X 96500 coulomb 

0.635 g of copper deposited by passing charge 

2x96500 ■ , 

=-X 0.653 coulomb 

63.5 

= 2x 965 coulomb 
= 1930 coulomb 

We know that. 


The amount of charge passed = 1.2 x 7 x 60 = 504 coulomb 

So, Oxygen liberated = —-— x 504 = 0.00523 g- equivalent 
96500 

= — X 0.00523 = 0.001307 g - mole 
32 

Hydrogen hberated = 0.00523 g,- equivalent 

= - X 0.00523 = 0.00261 g - mole 

^ 2 . ■ 


Q = lxt 

1930 = 7x60x60 
1930 

/ = = 0.536 ampere 

3600 

n * (0.536-0.52) 

Percentage error = - - x 100 = 2.985 

0.536 

Exaiftple 14. A current of 3.7 ampere is passed for 6 hours 
between platinum electrodes in 0.5 litre of a 2 M solution of 
Ni(NO^ ) 2 . What will be the molarity of the solution at the end of 
electrolysis? What will be the molarity of the solution if nickel 
electrodes are used? (IF = 96500 cou/omfi; Ni = 58.7) 


Total gases evolved = (0.00315 + 0.001307 + 0.00261) g-mole 
= 0.007067 g- mole 
Volume of gases evolved at NTP 

= 22400 X 0.007067 mL 
= 158.3 mL 

■^ri'^ rExample 16. A current o/1.70 ampere is-passed through 
300 m£o/0.160M solution of zinc sulphate for 23Q seconds with 
a current efficiency of 90per cent. Find out the molarity ofZn^* 
ions after the deposition of zinc. Assume the volume of the 
solution to remain constant during electrolysis. (UT1991) 

Solution: Amount of charge passed = 1.70 x 230 coulomb 
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Amomit of actual charge passed = — x 1.70 x 230 

100 

= 351.9 coulomb 

No, of moles of Zn deposited by passing 351.9 coulomb of 
charge 


1 


2x96500 


X 351.9= 0.000182 


Molarity of Zn ions after deposition of zinc 


0.160- 


0.000182x1000 

300 


M 


= 0.154M 

Example 17. Calculate the electricity that would be 


^cieney-for-the-proeess--is-5Q-per-eentrdfdhe~potential-drop 
across the cell is 3.0volt, how much energy will be consumed? 

lAlPMT (Mains) 20U8| 

Solution: The reduction reaction is: 


C6H5NO2+ 3% 

. 123.g 6g 

1 mole 3 mole 


+ 2 H 2 O 


12.3 


Hydrogen required for reduction of 

nitrobenzene = 0.1 x 3 = 0.3 mole 

Amount of charge required for liberation of 0.3 mole of 
hydrogen = 2 x 96500 x 0.3 = 57900 coulomb 

Actual amount of charge required as efficiency is 50% 

= 2x 57900= 115800coulomb 

Energy consumed = 115800 x 3.0 = 347400 J 
= 347.4 kJ 

Example 18. An aqueous solution of sodium chloride on 
electrolysis gives Hjig), Cfig) and NaOH according to the 
reaction: 

2Cr(aq.)+ 2 H 20 —^ 20 H -(aq.) + H 2 ig)+ Cl 2 ig) 

A direct current of 25 ampere with a current efficiency 62% is 
passed through 20L ofNaClsolution (20% by mass'). Write down 
the reactions talcing place at the anode and cathode. How long 
will it take to produce \kgofCI 2 ? What will be the molarity of the 
solution with respect to hydroxide ion? Assume no loss due to 
evaporation. (Ill' 1992) 

Solution: Reactions at anode and cathode are; 


2cr 


2H20-f 2e- 


CI 2 + 2 e (at anode) 


1 kg of CI 2 = 


^ H 2 + 20H (at cathode) 
1000 


71.0 

Charge to produce one mole of Cl 2 
Chafge to produce 14.08 mole of CI 2 

62 


: 14.08 mole 


: 2 X 96500 coulomb 
: 2 X 96500 

X 14.08 coulomb 


Effective current = — x 25.0= 15.5 ampere 
100 


Time = 


Charge 2 x 96500 x 14.08 


Current 


15.5 

J75318.7 second: 


48.699 hour 


OH ions produced = 2 x moles of Q, 


:2x 14.08= 28.16mole 


Molarity 


Mole 28.16 


: 1.408 M 


Volume 20 

Example 19. Chromium metal can be plated out from an 
acidic solution containing CrO^, according to the following 
reaction: 

CrO^ +6H ^ + 6e~ - >Cr+ 3 H 2 O 

Calculate the mass of chromium plated out by 24000 coulomb. 
How long will it take to plate out 1.5g of chromium using 12.5 
^ampere~currenT? — — —{nTt993)“ 


STilutionr Ch 03 ~-f' 6 H'“ . -€e~ 


6 X 96500 C 


=r-er-T-3H20“ 

1 mole 

52 g 


Mass of chromium plated out by 24000 coulomb charge 
52 


6x96500 


X 24000= 2.155 g 


Charge required for plating out 1.5 g of chromium 
6 x 96500 


52 


■ X 1.5 = 16701.92 coulomb 


Time = 


Charge 16701.92 


: 1336.15 second 


Current 12.5 

= 22.27 minute 

Example 20. After electrolysis of a sodium chloride 
solution with inert electrodes for a certain period of time, 600 wT 
of the solution was left which was found to be IN in NaOH. 
During the same period 31.75 g of copper was deposited in the 
copper voltameter in series with the electrolytic cell. Calculate 
the percentage theoretical yield of NaOH obtained. 

Solution; Equivalent mass of NaOH = 40 

Amount of NaOH formed =X 600 = 24 g 

10(W 

31.75 g of Cu = 1 g-equivalent of Cu. 

During the same period, 1 g-equivalent of NaOH should have 
been formed. 

1 g-equivalent of NaOH = 40 g 

% yield = — x 100 = 60 
40 

Example 21. Peroxy disulphuric acid (TfjSjOg) can be 
prepared by electrolytic oxidation ofH 2 SO^ as: 

2H2S0^ - >H2S20i +2H^ +2e^ 

Oxygen and hydrogen are by products. In such an electrolysis 
9.72litre ofH 2 and 2.35 litre of O 2 were generated at NTP. What 
is the mass of peroxy disulphuric acid formed? 

Solution: 


Anodic reaction: 2 H 2 SO 4 - 
2H,0 


""^H 2 S 20 g + 2H + 2e 
-> 4H ■^ + O 2 + 2e^ 
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Cathodic reaction: 2 H20+2e ->20H + Hj 

Total equivalent of H 2 S 2 O 8 + equivalent of oxygen 

= Equivalent of H 2 


9.72 litre H 2 
2.35 litre O 2 


9.72 

11.2 

2.35 

5.6 


= 0.868 equivalent 
= 0.42 equivalent 


Equivalent of H 2 S 2 O 8 = (0.868 - 0.420) 
= 0.448 


Mass of H 2 S 2 O 8 


194 

= 0.448 X = 43.456 g 


22. Cadmium amalgam is prepared by 
electrolysis of a solution ofCdCl 2 using a mercury cathode. Find 
how long a current of 5 ampere should be passed in order to 
prepare 12% Cd-Hg am algam on £L.rjithode-af.2^g-metKtity^-4tr. 

mass ofCd = \ 12.40. _;_ 

Solution: 2 g Hg require Cd to prepare 12% amalgam 

= —x2=0.273g 
88 

Cd^^ + 2e“ ->Cd 

.. 1 mole ' 2 x 96500 C . ' 

112.40 g 


Charge required to deposit 0.273 g of Cd 
2x 96500 


112.40 

Charge = ampere x second 


X 0.273 coulomb 


Second = 


2x96500x0.273 

112.40x5 


^ 93.75 


Example 23. Assume that impure copper contains iron, 
gold and silver as impurities. After passing a current of 140 
ampere for 482.5 second, the rnass of anode decreased by 
22.260 g and the cathode increased in mass by 22.011 g. 
Estimate the percentage of iron and copper originally preserit. 

Solution: The increase at the cathode is due to copper only. 
Hence, there is 22.011 g of copper and rest impurities of iron, 
gold and silver. 

Mass of impurities = (22.260 - 22.011) = 0.249 g 
At anode, only copper and iron are oxidised; the gold and silver 
collect below anode in the form of anodic mud. 

M - + 2e~ 

(Copper and iron) 

No. of moles of metal oxidised = ^ = 0.35 

2x96500 

22.011 

No. of moles of copper =-= 0.3466 

63.5 

No. of moles of iron = (0.35 - 0.3466) = 0.0034 


fUWlW OF OBlkTIVE ^ 


1. Amount of energy used in the passage of 1 amp current for 100 
sec under a potential of 115 V is: 

(a)20kJ (b)11.5kJ (c)115kJ (d)0.115kJ 

[Ans. (b)] 

[Hint: g = / X t = 1 x 100 = 100 C 
Energy = charge x potential 

= 100X115 = 115001 = 11.5 kJ] 

2. One litre of 1 Af CUSO 4 solution is electrolysed. After passing 
2 F charge, the molarity of CUSO 4 will be: 

(a)Af/2 (b)M/4 (c)Af (d) zero 

[Ans. (d)] 

[Hint: IF charge will deposit 2 equivale nt or 1 mole of copper 
Cu^'^ + 2e > Cu_ 


3. 


Thus, all the copper from CUSO 4 solution will be deposited and 
molarity of remaining CUSO 4 solution will be zero.] 

The time required to coat a metal surface of 80 cm^ with 
5x 10“^ cm thick layer of silver (density 1.05 g/cm^) by 


passing a current of 3 amp through silver nitrate, solution is.:, 
(a) 115 sec (b) 125 sec (c) 135 sec (d) 145 sec 
[Ans. (b)] 

[Hint; 

Mass of silver in coated layer = volume x density 

= (80x5xl0‘^)xl.05g 
= 0.42g 



96500 

W X 96500 
t = - 


I-X.E 


0.42 X 96500 
3x 108 


= 125.09 sec] 


4, 4.5 g of aluminium (At. mass = 27 amu) is deposited at 
cathode from Al^"^ solution by a certain quantity of electric 
charge. The volume of hydrogen produced at STP from 
ions in solution by the same quantity of electric charge will be: 

[CBSE (PMT) 2005] 

(a) 44.8 L (b)22.4L (c)11.2L (d)5.6L 

[Ans. (d)] 

[Hint: Number of equivalents of aluminium deposited 



.Number of equivalents of Hj will also be 0.5. 

Volume of H 2 gas at STP = Number of equivalents 

X Equivalent volume 
= 0.5xll.2 = 5.6L] 

5. Cost of electricity for the production of x L H 2 at NTP at 
cathode is Rs x, then cost of production of x L O 2 at NTP at 
anode will be : (assume 1 mole of electrons as one unit of 
electricity) 

(a)2x (b) 4x (c) 16x (d) 32x 

[Ans. (a)] 

[Hint- ^2 _ Equivalent volume of H 2 

Volume of O 2 Equivalent volume of O 2 
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X 11.2 ^ 

Volume of O 2 5.6 

Volume of O, = — 

2 , 

X 

Thus, - L O 2 requires Rs x for its production, 

i.e.,x L O 2 will require Rs 2x for the production.] 

6 . What current is to be passed for 0.25 sec for deposition of 
certain weight of metal which is equal to its electrochemical 
equivalent? [AMU (Medical) 2006] 

(a) 4 A (b)lOOA (c)200A (d)2A 

^ns. (a)] 
pint: W=ZIt 





8 - When a quantity of electricity is passed through CUSO 4 
solution, 0.16 g of copper gets deposited. If the same quantity 
of electricity is passed through acidulated water, then the 
volume of liberated at STP will be: (given atomic weight of 

Cu=64) (KCET2006) 

(a) 4 cm^ (b) 56 cm^ (c) 604 cm^ (d) 8 cm^ 

(b)] 

pint: Number of equivalents of copper deposited = = 0.005 

Volume of H 2 gas at STP = 11.2 x 0.005 

= 0.056 litre = 56 cm^J 

9. Number of faraday’s required to generate one gram atom of 
magnesium from molten MgCl 2 is; [PMT (MP) 2007] 

(a)l (b)2 (c)3 (d)4 

p.ns. (b)] 

P int : Mg^'^+:2e^-»Mg ... 


---4-ampr]-:--- 

7" If the aqueous solutions of the following salts are electrolysed 
for 1 hour with 10 ampere current, which solution will deposit 
the maximum mass of the metal at cathode? The atomic 
weights are: Fe = 56, Zn = 65, Ag = 108, Hf = 178 and 
W = 184. [PMT (Kerala) 2006] 

(a)ZnS 04 - ' (b)FeCl3 -(c)'Hfei4 (d)Wei6 . 

(e)AgN 03 
fVns. (e)] 


pint:. Greater is the equivalent mass of the metal more will be 
the amount deposited at cathode.__ 


Compound 

EqnivalentiDass of metals 

ZnS 04 

65/2 = 32,5 

F ^3 

56/3 = 18.66 

HfCl 4 

178/4=44.5 

WCl, 

184/6 = 30.66 

AaNOf 

108/1 = 108 

.•.Maximum amount of silver will be deposited at cathode.] 


C 


J-mole-a£Mg-atomj;equites-2jnole.ofjelactrons,j..a.,iTatadayjj£ 

charge.] 

A direct current deposits 54 g of silver (Atomic mass = 108) 
during electrolysis. How much aluminium (Atomic mass = 27) 
would be deposited from aluminium chloride solution by the 
same amount of electricity ? [PMT (Kerala) 2008] 

(a) 4;5 g (b) S.4g——-(e) S4g---(d)-2-.-7g- 

(e)27g 

EVns. (a)] 

pint: Equivalent mass of silver = 108 

27 

Equivalent mass of aluminium in (A 1 C 13 ) = — = 9 

^A 1 ^A1 

J4_^108 
“ 9 

IF^=4.5g] 


SECTION li: CONDUCTANCE AND CONDUCTORS 


12.S ARRHENIUS THEORY OF 

ELECTROLYTIC DISSOCIATION 

In order to explain the properties of electrolytic solutions, 
Arrhenius put forth, in 1884, a comprehensive theory which is 
known as theory of electrolytic dissociation or ionic theory. The 
main points of the theory are: 

(i) An electrolyte, when dissolved in water, breaks up into 
two types of charged particles, one carrying a positive charge and 
the other a negative charge. These charged particles are called 
ions. Positively charged ions are termed cations and negatively 
charged as anions. 

■ AB - 


In its modem form, the theory assumes that solid electrolytes 
are composed of ions which are held together by electrostatic 
forces of attraction. When an electrolyte is dissolved in a solvent, 
these forces are weakened and the electrolyte undergoes 
dissociation into ions. The ions are solvated. 

- A^B^ - >A* +B^ 

or A'^B"+aq. - > A* {aq.) +B~ (aq.) 

(ii) The process of splitting of the molecules into ions of an 
electrolyte is called ionisation. The fraction of the total number 
of molecules present in solution as ions is known as degree of 
ionisation or degree of dissociation. It is denoted by ‘a’ 


NaCl-> Na+ + Cl" 

K2SO4 -> 2K^ + SO^ 

Electrolyte '. ' ' 

I r\nc 


Number of molecules dissociated into ions 

a =-^- 

Total number of molecules 

It has been observed that all electrolytes do not ionise to the 
same extent. Some are almost completely ionised while others are 
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feebly ionised. The degree of ionisation depends on a number of 
factors (see 12.6). 

(hi) Ions present in solution constantly re-unite to form neutral 
molecules and, thus, there is a state of dynamic equilibrium 
between the ionised and non-ionised molecules, i. e ., 

Applying the law of mass action to above equilibrium 

K is known as ionisation constant. The electrolytes having 
high value ofJC are termed strong electrolytes and those having 
low value of K as weak electrolytes. 

(iv) When an electric current is passed through the 
“ef^trol^ic solutionT^he posffive ibnMcMbhs) move towards 
cathode and the negative ions (anions) move towards anode and 
get discharged, i. e, electrolysis occurs. 

The ions are discharged always in equivalent amounts, no 
matter what their relative speeds are. 

(v) The elretrolytie solution is always neutral in nature as the 
total charge on one set of ions is always equal to the total charge 
on the other set of ions. However, it is not necessary that the 
number of two sets of ions must be equal always. 

(Both ions are equal) 

(Both ions are equal) 
(Anions are double that of cations) 
(Anions are double that of cations) 
(Cations are double that of anions) 
(Cations are double that of anions) 

(vi) The properties of electrolytes in solution are the 
properties of ions present in solution. For example, acidic 
solution always contains H ^ ions while basic solution contains 
OH “ ions and characteristic properties of solutions are those of 
H ions and OH “ ions respectively. 

(vii) The ions act like molecules towards depressing the 
freezing point, elevating the boiling point, lowering the vapour 
pressure and establishing the osmotic pressure. 

(viii) The conductivity of the electrolytic solution depends on 
the nature and number of ions as the current is carried through 
solution by the movement of ions. 

Evidences in Favour of Ionic Theory 

A large number of experimental observations are available 
which support Arrhenius theory. A few of them are given helow; 

(i) Ions present in solid electrolytes: X-ray diffraction 
studies have shown that electrolytes are composed of ions. For 
example, a crystal of NaCl does not contain NaCl units but Na"^ 
and Cr ions. Each Na^ ion is surrounded by six Cl" ions and 
each Cr ion in turn is surrounded by six Na^ ions. The whole 
system is composed of equal number of Na^ and Cl" ions. The 
ionic compounds behave as good conductors in fused state. It can 
only he possible if ions are already present in ionic solids. 


AB ^ A* + fi" 
NaCl^ Na"- + Cl" 
AB^ A^'* + 25" 
BaCl2:f=^Ba^ + 2Cr 
A^B lA* + B^- 
Na 2 S 04 ^=e 2Na^ + SO^" 


<il) Ohm’s law applicability: The electrolytic solutions 
like metallic conductors obey Ohm’s law, l e, the strength of the 
current flowing through a conductor is directly proportional to 
potential difference {E) applied across the conductor and is 
inversely proportional to the resistance of the conductor. 
Mathematically, 

1=EIR 

This can only be possible ifinons are already present in the 
solution and no part of the current is used in splitting up the 
molecules into ions. The current has only directive effect on the 
ions. 

(iii) Ionic reactions: Evidence for the existence of ions in 

aqueous solutions of electrolytes is fimiished by well known 
reactions in inorganic chemistry. A white precipitate of silver 
chloride is obtained whenever Ag^ ions come in contact wit h 
chlori de io ns.___^_ 

Ag^ -I- NO 3 -H Na^ + cr —>AgCl -H Na^ -t NO; 

ppt. 

But no precipitation occurs when AgN 03 solution is added to 
CCI 4 , CHCI 3 or C 2 H 5 CI as these substances being 
non-electrolytes do not furnish Cl" ions in solution-. -.. 

An acid which gives all tests of H ^ ions in aqueous solution, 
does not give the same tests when dissolved in any organic 
solvent because no ionisation of the acid occurs in the organic 
solvent to furnish H ions. 

(iv) Heat of neutralization: When one gram-equivalent of 
a strong acid is neutralized by one gram-equivalent of a strong 
base, the heat evolved is always the same, i. e, 13.7 kcal. This can 
be explained on the basis of Arrhenius theory that an acid 
furnished H ^ ions and base OH ~ ions when dissolved in water 
and the process of neutralisation involves the common reaction. 

+ OH" ?=i:H 20 -t 13.7 kcal 

Thus, heat of neutralisation is actually the heat of formation of 
HjOfrom H ^ and OH" ions. 

(v) Abnormal colligative properties: The abnormal 
behaviour towards colligative properties as observed in the case 
of electrolytes can be explained on the basis of ionic theory. 
When an electrolyte is dissolved in water, the number of particles 
in the solution is always more than the number of molecules 
actually dissolved due to ionisation. The van’t Hoff factor, 

^ _ Observed colligative property 

Calculated colligative property 

is always more than one, i. e., f = 1 -I- (n - 1 ) a where, ‘ n' is the 
number of ions produced by the ionisation of one molecule of the 
electrolyte and ‘a’ is the degree of ionisation. 

(vi) Colour of solutions; The colour of the electrolytes in 
solution, if any, is due to their ions. The CUSO 4 is blue in solution 
due to the presence of Cu^^ ions. Potassium permanganate 
(KMn 04 ) is purple in solution due to the presence of MnO^ ions. 

(vii) Explanation of some other phenomena: Ionic theory 
provides satisfactory explanations regarding various phenomena 
such as electrolysis, conductivity, salt hydrolysis, solubility 
product, etc. 
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Limitations of Arrhenius Theory 

(i) Ostwald’s dilution law which is based on Arrhenius theory 
is not applicable to strong electrolytes. 

(ii) Strong electrolytes conduct electricity in fused state, i. e., in 
absence of water. This is in contradiction of Arrhenius theory 
according to which the presence of solvent is a must for ionisation. 

(iii) Arrhenius theory assumes independent existence of ions 
but fails to account for the factors which influence the mobility of 
the ions. 



FACTORS PERTAINING TO DEGREE 
OF IONISATION 


The degree of ionisation of an electrolyte in solution depends 
upon the following factors; 

jnoleculejo£aj,ubstance^areJield-moteJ3-y-CO-V-alentbondingJhan- 
by electrovalent bonding, less ions are fimiished in solution. 
Such substances are termed weak electrolytes. HjS, HCN, 
NH 4 OH, CH 3 COOH are examples of this class. NaCl, 
Ba(N 03 ) 2 , KOH, etc., are strong electrolytes, in which the 
transfer of electrons seems to be more or less complete, furnish 
ions inmiediatelyTVben dissolved. Stronyelectrot 5 deTlre“almost 
completely ionised in solution. 

(ii) Nature of solvent: The main fimction of the solvent is 
to weaken the electrostatic forces of attraction between the two 
ions and separate them. The force of attraction holding the ions 
together in any medium is expressed as: 

p _ 1 gl g2 

K 

where, K is the dielectric constant of medium. 

Any solvent which has high value of dielectric constant has 
the capacity of separating ions. Water is considered to be the best 
solvent as it has the highest dielectric constant. The dielectric 
constants of some of the solvents are given below at 25°C. 

Water Methyl alcohol Ethyl alcohol Acetone 
81 35 27 -21 


(iii) Dilution: The extent of ionisation of an electrolyte is 
inversely proportional to the concentration of its solution. Thus, 
degree of ionisation increases with the increase of dilution of the 
solution, i. e, decreasing the concentration of the solution. 

(iv) Temperature: The degree of ionisation increases with 
the increase of temperature. This is due to the fact that at higher 
temperature molecular speed is increased which overcomes the 
forces of attraction between the ions. 


ELECTROLYTIC CONDUCTANCE 


The conductance is the property of the conductor (metallic as 
well as electrolytic) which facilitates the flow of electricity 
through it. It is eqiml to the reciprocal of resistance, i. e ., 

Conductance =-= — ... (i) 

Resistance R 

It is expressed in the unit called reciprocal ohm (ohm"‘ or 
mho) or siemens. 


Specific Conductance or Conductivity 

The resistance of any conductor varies directly as its length (/) 
and inversely as its cross-sectional area (a), i. e ., 

Roc—or/?=p— (ii) 

a a 


where, p is called the specific resistance. 

If / = 1 cm and a = 1 cm^, then 

R=p ...(iii) 

The specific resistance is, thus, defined as the resistance of 
one centimetre cube of a conductor. 

The reciprocal of specific resistance is termed the specific 
conductance or it is the conductance of one centimetre cube of a 
conductor. 

It is denoted by the symbol K. Thus, 

K = — , K = kappa—^The specific conductance ... (iv) 

. ^ 


Specific conductance is also called conductivity. 
From eq. (ii), we have 


a 1 

— R or ~ 

__p_^ 

I 


L.L 

a R 


K = -xC 
a 


■'I ') 

— = cell constant 
a ) 


or Specific conductance = conductance x cell constant 

In the case of electrolytic solutions, the specific conductance 
is defined as the conductance of a solution of definite dilution 
enclosed in a cell having two electrodes of unit area separated by 
one centimetre apart as shown in Fig. 12.2. 

The unit of specific conductance is ohm“’ cm'*. 


Anode 


Solution 

Fig. 12.2 Representation of specific conductance 
Equivalent Conductance 

One of the factors on which the conductance of an electrolytic 
solution depends, is the concentration of the solution. In order to 
obtain comparable results for different electrolytes, it is 
necessary to take equivalent conductances. 

Equivalent conductance is defined as the conductance of all 
the ions produced by one gram-equivalent of an electrolyte in a 
given solution. It is denoted by A. 

To understand the meaning of equivalent conductance, irmgine a 
rectangular trough with two opposite sides made of metallic 
conductor (acting as electrodes) exactly 1 cm apart. If 1 cm® (1 mL) 
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Its unit is ohm ' cm^ mol *. 


Equivalent conductance = 


Molar conductance 


where. 


n ~- 


n 

Molecular mass 
Equivalent mass 


Measurement of Conductance 

It is now known to us that when the solution of an electrolyte 
is taken between two parallel electrodes of cross-sectional area 
'a' and cm apart, then the specific conductance, k, should be: 

= i. 1 

~ a R 

Thus, knowing the values of R,l and a, the specific 
conductance can be measured. The resistance of the solution 


between two parallel electrodes is determined by using 


Fig. 12.3 

solution containing 1 gram-equivalent of an electrolyte is placed in 
this container and conductance is measured. 

According to definitions,-, ____ 

Conductance = Specific conductance (k) 

= Equivalent conductance (A) 

If the solution is diluted to say (9 cm^) (9 mL), the 
conductance of the solution will be the same but specific 
conductance becomes 1/9 th as it contains nine cubes. The 
conductance is also equal to the equivalent conductance because 
the solution still has 1 g-equivalent of the electrolyte. This is 
shown in Fig. 12.3. Thus, 

Equivalent conductance (A) = 9 x k 

In general, 

A = kxF --(v) 

where, V is the volume in mL containing 1 g-equivalent of the 
electrolyte. ‘ 

In case,: if the concentration of the solution is c g-equivalent 
per litre, then the volume containing 1 g-equivalent of the 
electrolyte will be 1000/ c. 

So, equivalent conductance, 

1000 

A = K X- ... (vi) 


'A = K X 


c. 

1000 

N 


where, N = normality 

The unit of equivalent conductance is ohm” 


cm eq 


Molar Conductance 

The molar conductance is defined as the conductance of all the 
ions produced by ionisation of 1 g-mole of an electrolyte when 
present in V mL of solution. It is denoted by p. 

Molar conductance p,= KxF ... (vii) 

where, V is the volume in mL containing 1 g-mole of the 
electrolyte. If c is the concentration of the solution in g-mole per 
litre, then 

1000 
1J. = KX^- 


Wheatstone bridge method. The diagram of the apparatus is 
shown in Fig. 12.4. AB is a uniform wire and X is a sliding 
contact which moves over it. C is the conductivity cell containing 
the solution of the electrolyte and S represents the source of 
alternating current. R is the resistance box and F is a headphone 
-to - detect-the-flow of current,-A-suitable-resistance-is taken-out- 
from the resistance box and the sliding contact X is moved on the 
wire to search a point of minimum sound in the headphone. At 
this point, the bridge is balanced. 

Resistance of solution _ Resistance XB Length XB 
Resistance from resistance box Resistance XA Length XA 

Thus, resistance of solution can be determined. Reciprocal of 
this resistance gives the conductance of solution. 

Direct current (DC) cannot be used because it produces two 
complications. 

(i) Change in the concentration of the solution occurs due to 
electrolysis which will change the resistance, 

(ii) Polarisation at the electrodes sets in which also changes 
the resistance. 



Fig. 12.4 Determination of conductivity 

Thus, an alternating current (AC) is Used to overcome the 
above complications. 

The solution whose conductance is to be measured is taken in 
a special type of cell known as conductivity cell. Various types of 
cells are shown in Fig. 12.5. The electrodes consist of platinum 
discs coated with finely divided platinum black and welded to 
platinum wires fused in two glass tubes. The glass tubes contain 
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mercury and are jirmly fixed in the cover of cells. Contact with 
the platinum is made by dipping the copper wires of the circuit in 
the mercury contained in ^e tubes. As the conductivity changes 
with temperature, the cell- is usually placed in a constant 
temperature bath during the experiment. Cells with long paths are 
used for concentrated solutions and cells with short paths and 
large electrodes are used for dilute solutions. 



(a) (b) (c) 

Fig. 12.5 Conductance cells 

Cell Constant 

.Since, the_electrQdes^are_not exactlyJ.-unit,apart-and may. not 

possess a surface area of 1 square unit, the measured resistance 
does not give the specific conductance.-of the solution. Actual 
measurements of / and a being inconvenient, an indirect method 

is employed to determine the value of — which is a constant 

a 

quantity for a particular cell and is known as cell constant We 
know that, 

Specific conductance / „ „ 

—e: -= _ = Cell constant 

Conductance a 

The resistance of cell, i. e ., conductance is measured when 
filled with a standard solution (say A/lOKCl solution) at a given 
temperature. The standard values of specific conductance of KCl 
solutions of various concentrations at different temperatures are 
known. Thus, the cell constant is calculated by using the above 
equation. The same cell constant applies to a measurement with 
any other solution. 

The determination of specific conductance of an electrolytic 
solution, thus, consists of two steps: 

Step I: Determination of cell constant by using a standard KCl 
solution of known concentration in the conductivity cell. 

Step n: Determination of resistance of the given solution using 
the same cell. The reciprocal of this gives the value of conductance. 

Multiplication of conductance and cell constant gives the 
value of specific conduptance of the solution. 

In order to determine equivalent conductance or molar 
conductance, the concentration of the experimental solution 
should be known. In conductance measurements, the solutions 
are always prepared in conductivity water which has no 
conductance due to dissolved impurities. It is prepared by 
distilling a number of times the distilled water to which a little 
KMn 04 and KOH have been added in a hard glass distillation 
assembly. Such water has very low conductance of the order of 


4.3 X 10 * ohm“*. For ordinary purposes, double distilled water 
may be used. 

Effect of Dilution on Equivalent Conductance 

The value of equivalent conductance increases with dilution. 
This is due to the fact that degree of ionisation increases with 
dilution thereby increasing the total number of ions in solution. 
Solution which contains large number of ions compared to 
another solution of the same concentration at the same 
temperature has more conductance and is said to be stronger 
electrolyte. The one which has relatively small number of ions is 
called a weak electrolyte. The number of ions from an 
electrolyte depends on the degree of dissociation. The curve (Fig. 
12 .6) shows the variation of the equivalent conductance of some 
electrolytes with dilution. It shows that electrolytes behave in two 



at low concentration and there is no rapid increase in their 
equivalent conductance on dilution. Such electrolytes are termed 
strong electrolytes. In the case of strong-electrolytes, there is a 
tendency for equivalent conductance to approach a limiting value 
when the concentration approaches zero. When the whole of the 
electrolyte has ionised, further addition oT the“water 'does mot— 
bring any change in the value of equivalent conductance. This 
stage is called infinite dilution. The equivalent conductance has a 
Hmiting value at infinite dilution and is represented by A„. 



Concentration-► 

Fig. 12.6 Conductance curve 

(ii) Electrolytes like acetic acid have a low value at high 
concentration and there is a rapid increase in the value of 
equivalent conductance with . dilution. Such electrolytes are 
termed weak electrolytes. There is no indication that a limiting 
value of equivalent conductance can be attained even when the 
concentration approaches zero. Thus, graphically, A,„ of weak 
electrolytes cannot be obtained. 

It is thus concluded that equivalent conductance of 
electrolytes whether strong or weak increases with dilution and 
reaches to a maximum or limiting value which is termed A„ 
(equivalent conductance at infinite dilution), in the case of 
strong electrolytes can be obtained by extrapolation of the graph 
of equivalent conductance to zero concentration but in the case of 
weak electrolytes it cannot be obtained accurately. An indirect 
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method for obtaining A „ for weak electrolytes has been given by 
Kohlrausch. 

12.8 KOHLRAUSCH’S LAW 

“At infinite dilution, when dissociation is complete, each ion 
makes a definite contribution towards equivalent conductance of 
the electrolyte irrespective of the nature of the ion with which it is 
associated and the value of equivalent conductance at infinite 
dilution for any electrolyte is the sum of contribution of its 
constituent ions”, i. e ., anions and cations. Thus, 

Apo ~ 

The Xg and Xa are called the ionic conductances of cation and 
anion at infinite dilution respectively. The ionic conductances are 
proportional to their ionic mobilities. Thus, at infinite dilution, 

X^ = ku^ 


and 




a ■ 


A _ Equivalent conductance at a given concentration 
A „ Equivalent conductance at infinite dilution 


Calculation of absolute ionic mobilities; It has been 
experimentally found that ionic conductance is directly 
proportional to ionic mobilities. 

X+OCU+ 

X_ M_ 

where, and «_ are ionic mobilities of cations and anions. 

X+ = Fu^ where, F = Faraday 
X_=Fu_ =96500 coulomb 

Ionic velocity 


Ionic mobility = 


Potential gradient 

Ionic velocity (cm/ sec) 

Potential difference (volt)/electrode separation 


Relation between Equivalent and 
Molar Conductance at Infinite Dilution 

a‘^ = -Lxi +-Lkz 

z'^ Z 


... (i) 


where, z* and z” are corresponding charges on the ions, 

A OO 1 oo , 1 AGO 

BaCl, -O') 


lOG IgOO 1,00 


... (iii) 


Am2(S04)3 - ^ f Kol- 


...(iv) 


Molar Conductance at Infinite Dilution 

A“ or n~ = Molar conductance at infinite dilution 

= mX°l + nX°l 

where, m and n are number of ions formed. 

PM2(S04)3 =2X” 3 ., =^^Al2(S04)3 


I'-BaCh - 


, cr 


:2A' 


Bad 5 


12.9 THEORY OF WEAK ELECTROLYTES 

(i) Weak electrolytes are not completely ionized when dissolved 
in a polar medium Hke water. There exists equilibrium between 
-ions-and4iaionise(Lmoleculea____ _ 


where, and are ionic mobilities of cation and anion 
respectively at infinite dilution. The value of k is equal to 
96500 C, i. e, one Faraday. 

Thus, assuming that increase in equivalent conductance with 
dilution is due to increase in the degree of dissociation of the 
electrolyte; it is evidentthat the-eleclrolyte achieves the degree of 
dissociation as unity when it is completely ionised at infinite 
dilution. Therefore, at any other dilution, the equivalent 
conductance is proportional to the degree of dissociation. Thus, 

Degree of dissociation 


------ 

(ii) Concept of chemical equilibrium and law of mass action 
can be applied to ionic equilibrium also. 

AB + B- 

C 0 0 


t = 0 


eq. 


C-Cd Cd Ca 

CaxCa 


K 


[AB] 


C(l-a) 


K = 


Ca‘ 


■a 


(i) 


For weak electrolytes, a « I 
(l-a)=l 

Thus, equation (i) can be written as: 

K = Ca^ 

a ■■ 


(ii) 


From eq. (ii), it is clear that on dilution concentration 
decreases, as a result of which degree of ionisation ‘a’ increases. 
At high degree of ionisation both equivalent and molar 
conductance increase. 

(iii) Degree of ionisation can be calculated as: 

A'^ A"^ 

^ _ m 

A” A” 


a = - 


... (iii) 


A g, A*^ = Equivalent and molar conductance at concentration X’ 
A”, A” = Equivalent and molar conductance at infinite dilution. 
Substituting the values of ‘a’ fi'om eq. (iii) in eq. (i), we get 


Cx 




K 


CiA^e f 


1 - 


az 


a:(a:-a<;) 


... (iv) 
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AT: 






A rfi CA 

Equations (iv) and (v) are called Ostwald equations. 


(V) 


; Example 2^^ 1.0 N solution of a salt surrounding two 

platinum electrodes 2. 1 cm apart and 4.2 sq cm in area was found 
to offer a resistance of 50 ohm. Calculate the equivalent 
conductivity of the solution. 

Solution: Given, / = 2.1 cm, a = 4.2 sq cm, R = 50 ohm 

/ 1 

Specific conductance, k =- 

a R 


or 


liixi-- 
4.2 50 ’ 


0.01 ohm * cm ’ 


Equivalent conductivity = k x F 


_El^the-volume-containing-t-g-eqttivalent-=^ 1000 ^mL- 

So, Equivalent conductivity = 0.0lx 1000 , 

= 10 ohm“* cm^ eq'”’ 

Example 25. Specific conductance of a decinormal 
solution ofKCl is 0.0\\2ohm~^ cm~^. The resistance of a cell 
containing' the solution was found to''be^5'6rWhdt is the cell 
constant? 

Solution: We know that, 

Sp. conductance = Cell constant x Conductance 
Sp. conductance 


or 


Cell constant = - 


Conductance 
= Sp. conductance x Resistance 
= 0.0112x56= 0.6272 cm^‘ 

Example 26. The specific conductivity of 0.02 M KCl 
solution at 25°C is 2.768 x 10“^ ohmT^ cm^^. The resistance of 
this solution at 25° C when measured with a particular cell was 
250.2 ohm. The resistance of 0.01M CuSO^ solution at 25° C 
measured with the same cell was 8331 oAm. Calculate the molar 
conductivity of the copper sulphate solution. 

Sp. cond. of KCl 


Solution: Cell constant =- 


Conductance of KCl 
_ 2,768x10'^ . 
1/250.2 

= 2.768x10"^ X 250.2 


For 0.01 Af CUSO 4 solution 


Sp. conductivity = Cell constant x Conductance 


^2.768x10'" X 250.2 X- 


1 


8331 


Molar conductance = Sp. cond. x 


1000 


2.768x10” 


8331 


X 250.2 1000 

— X ^ 


1/100 


: 8.312 ohm”‘ cm^ mol" 


Hlfemple27. The equivalent conductances of sodium 
chloride, hydrochloric acid and sodium acetate at infinite 
dilution are 126.45j 426.16 and 91.0 ohm~^ crn^ eq~\ 
respectively, at 25° C. Calculate the equivalent conductance of 
acetic acid at infinite dilution. 

Solution: According to Kohlrausch’s law. 


^~CH3CX)ONa -^CHjCOO 


= Ha 


■ — ^.,4. + 


+ =91.0 

Na 

= 426.16 


a. 


A 

A„fjaQ 

Adding eqs. (i) and (ii) and subtracting eq. (iii) 

+ A.,. 4 . + a_“ X.. 4 . — K 


Na’ 


cr 

+ =126.45 


...(ii) 

...(iii) 


X + X , 

CHjCOO'' Na+ 


^CHjCOO^ 


= A 


H’ ■ 'a- ■■Na+ 

91.0+426.16- 126.45 
390.7 ohm” 


Cl” 


CH 3 COOH ^ cm eq 

The equivalent conductivity of A/10 


^TdJufi(»r~'qf^~dcMc~dcid~af~25°C~fs^\ATohm^ cm^ eq~\ 
Calculate the degree of dissociation of CH^COOH if 

^CHiCOOH 

Solution: 


^^■CHiCooH ^ 390.71. 


A„ 


CH3COOH 


= 390.7lohm”‘ cm^ eq”’ 


- ,A QH 3 GO 0 H ^ ”''^*^*3"Chm._cm—eq— 


Degree of dissociation, a = 


14.3 


A„„ 390.71 

= 0.0366, i. e, 3.66% dissociated 

|f\5;^Mmple 29. A decinormal solution of NaCl has specific 
conductivity equal to 0.0092. If ionic conductances of Na* and 
Cl~ ions at the same temperature are 43.0 and 65.0 o^m”’ 

respectively, calculate the degree of dissociation of NaCl 
solution. 

Solution: Equivalent conductance oiN! lONaCl solution 
A „ = Sp. conductivity x dilution 
= 00092x10,000 = 92 ohm”’ 

A 


= 43.0+65.0 =108 ohm”' 


Degree of dissociation, a = 


A„ 


9^ 

108 


= 085 


Example 30. At 18° C, the conductivities at infinite 
Mution ofNH^Cl NaOH and NaCl are 129.8, 217.4 and 108.9 
mho respectively. If the equivalent conductivity of iY /100 
solution of NH^OH is 9.93 mho, calculate the degree of 
dissociation ofNH^OH at this dilution. 

Solution: A.NHaCi 



... (i) 

= =217.4 

... (ii) 

= 2 -n.- ='<>*-5 

... (iii) 


AooNaOH 

Adding eqs. (i) and (ii) and subtracting eq. (iii), 


^NHJ +^cr 


X 4 + X 

NHj OH 


’NHaOH 


Na’’ OH” Na’ Cl” 

= 129.8 + 217,4-108.9 
= 238.3 mho 
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Degree of dissociation, a 


0.04167 


4.17 % dissociated. 


dissociation is: 
(a) 39% 

(c) 0.35% 
[Ans. (b)] 

[Hint; a = — 


(b) 3.9% 
(d) 0.039% 

-- = 0.0387 


(DPMI 2005) 


' '^AgO (Solution) 


^AgCI - K X - 


KXIOOO 1.8x10^x1000 


= 1.31xl0^*M] 


15. The resistance of 1 iY solution of CHjCOOH is 250 ohm; 

when measured in a cell of cell constant 1.15 cm”*. The 
equivalent conductance will be: , •, 


11. If the equivalent conductance of 1 A/benzoic acid is 12.8 ohm"’ 
cm^ eq“’ and if the conductance of benzoate ion and ions are 

42 and 288.42 ohm"' cm^ eq”' respectively, its degree of 


(a) 4.6 ohm"' cm^ eq"' 
(c) 18.4 ohm"' cm^ eq"' 
[Ans. (a)] 

[Hint: k = C x — = > 


(b) 9.2 ohm ' cm^ eq"' 
(d) 0.023 ohm"' cm^ eq" 


X L15 = 4.6 X 10 ^ ohm ‘ cm"' 


02+ 288.42) 

191 

Percentage dissociation = 0.0387 x 100 = 3.9%] 

^2:r^quivatentr conduc t ance s^ofiYa Cl, HCl a ncH SH y COON h ^ 

dilution are 126'357^26Tt6"aBa"91'^hnr'~cm^q'"''"^ 
respectively. The equivalent conductance of CH 3 COOH at 
infinite dilution would be: 

(a) 101.38 ohm"' cm'' eq"' (b) 253.62 ohm"' cm^ eq"‘ 

(c) 390.71 ohm"' cra^ eq"' (d) 678.90 ohm"' cm^ eq"' 

[Ans,.-(c)] .- 

[Hint: A^jj^^-ooh = '^cH 3 COONa + ^hci ■" ■^Naa 
= 91 +426.16-126.45 
= 390.71 ohm"'cm^ eq"'] 

13. The specific conductance of saturated solution of AgCl is 
found to be 1.86 x 10 "® ohm"' cm"* and that of water is 
6x10"* ohm"' cm"'. The solubility of AgCl is.... 

Given, = 137.2 ohm"' cm^ eq"' 

(a)1.7xlO"^M (b)1.3xl0"®M 

(c)1.3x 10"‘'M (d)1.3xl0"®M 

[Ans. (b)] 

[Hint: (Solution) “ 

= 1.86 X 10"® - 6 X 10"* = 1.8 X 10"® ohm"' cm"' 
1000 


1000 ia“ 3 1000 a r u “I 2 “It 

A, = K X -= 4.6 X 10 X -= 4.6 ohm cm eq ] 

' N 1 J . 

16. Resistance of a conductivity cell filled with a solution of an 
electrolyte of concentration 0.1 Af is 100 ohm. The 
conductivity of this solution is 1.29 S m"'. Resistance of the 
same cell when filled with 0.2 M of the same solution is 520 
ohm. The molar conductivity of 0.02 Af solution of the 
electrolyte will be: (AIEEE 2006) 

(a) 12Ax TO"''' S-m^ moH (b) 1240 x 10"** Smi''-moP'- 


14. The specific conductivity of A? /10 KCl solution at 2(PC is 
0.0212 ohm"' cm"' and the resistance of the cell containing 
this solution at 2(FC is 55 ohm. The cell constant is: 

(a) 4.616 cm"' (b) 1.166 cm"' 

(c) 2.173 cm"' (d) 3.324 cm"' 

[Ans. (b)] 

[Hint: K = Cx-t 
A 

1 = kx- = kx^ = 0.0212 X 55 = 1.166 cm"' ] 
AC 


(c) 1.24 X 10"^ S m^ mol"' 
[Ans. (a)] 


(d)T2.4 X 10"^ S m^ mol"* 


J_ I 

100 ^ A- 


= JLx 129 X 1^X10-® 

(520 J 0.02 

= 124 X10"^ S m^ mol"'] 

17. If the molar conductance values of Ca^''' and Cl" at infinite 
dilution are respectively 118.88x10"* m^ mho mol"' and 
77.33 xlO"* m^ mho mol"' then that of CaC^ is: 


CaClj = X°Ca^* + 2A'=Cr 


(in mho mol"') (VITEEE 2007) 

(a) 118.88x10"^ (b) 154.66x10"^ 

(c) 273.54 X lO"* (d) 196.21 x 10"^ 

[Ans. (c)] 

[Hint: CaClj = Ca^* + 2X° Cl" 

= (118.88 X 10"*) + 2(77.33 x 10"*) 

= 273.54 X 10"* m^ mho mol"' ] 

18. The molar conductivities of KCl, NaCl and KNOj are 152, 
128 and lllScm^ mol"' respectively. What is the molar 
conductivity ofNaNOj? (VITEEE 2008) 

(a) 101 S cm^ mol"' (b) 87 S cm^ mol"' 


conductivity ofNaNOj? 
(a) 101 Scm^ mol"' 

(c) - 101 S cm^ mol"' 
[Ans.(b)] 

[Hint: Apj.Kjn. = Aw, 


(d)-391 Scm^mol"' 


'■NaCl ^‘^KNOj '‘■KCl 

128+111- 152 = 87 Scm^ mol" 
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SECTION III: ELECTROCHEMICAL CELL 


1M0 ELECTROCHEMICAL CELL 

Electrochemical cell is a system or arrangement in which two 
electrodes are fitted in the same electrolyte or in two different 
electrolytes which are joined by a salt bridge. Electrochemical 
cells are of two types; 

(a) Electrolytic cell 

(b) Galvanic or voltaic cell 

(a) Electrolytic Ceil 

it is a device in which electrolysis (chemical reaction 
involving oxidation and reduction) is carried out by using 
electricity or in which conversion of electrical energy into 
chemical energy is done. 

(b) Galvanic or Voltaic Cell 

If is a device in which a redo x reaction is used to conver t 
"chemical energy into electrical energy, i.e., electricity can be 
obtained with the help of oxidation and reduction reaction. The 
chemical reaction responsible for production of electricity takes 
place in two separate compartments. Each compartment consists 
of a suitable electrolyte solution and a metallic conductor. The 
metallic conductor acts as an- electrode. The -compartments 
containing the electrode and the solution of the electrolyte are 
called half-cells. When the two compartments are connected by 
a salt bridge and electrodes are joined by a wire through 
galvanometer the electricity begins to flow. This is the simple 
form of voltaic cell. 

12.11 DANIELL CELL 

It is designed to make use of the spontaneous redox reaction 
between zinc and cupric ions to produce an electric current 
(Fig. 12.7). It consists of two half-cells. The half-cell on the left 
contains a zinc metal electrode dipped in ZnS 04 solution. The 
half-cell on the right Consists of copper metal eleetrode in a 
solution of CUSO 4 . The half-cells are joined by a salt bridge that 
prevents the mechanical mixing of the solution. 

When the zinc and copper electrodes are joined by a wire, the 
following observations are made: 

(i) There is a flow of electric current through the external 
eircuit. 

(ii) The zinc rod loses its mass while the eopper rod gains in 
mass. 

(iii) The concentration of ZnS 04 solution increases while the 
eoncentration of eopper sulphate solution decreases. 

(iv) The solutions in both the compartments remain 
eleetrically neutral. 

Diuing the passage of electric current through external eireuit, 
eleetrons flow from the zinc electrode to the eopper eleetrode. At 
the zinc electrode, the zinc metal is oxidised to zinc ions which 
go into the solution. The eleetrons released at the electrode travel 
through the external circuit to the eopper electrode where they are 




Zinc 
electrode ® 1 
(Anode) 

Zinc sulphate 
solution 
(ZnS 04 ) 



(Flow of electrons) 

Copper 
/ electrode 
/ (Cathode) 

Copper (II) 
sulphate 
solution 
(CUSO4) 


Anion movem ent ^ 


Cation movement 


Ffg. 12.7 □anlell cell 


used in the reduction of Cu ions to metallic copper whieh is 
deposited on the electrode. Thus, the overall redox reaction is: 


Zn(j) + Cu {aq.) -—> Cu( 5 ) + Zn {a q . ) 


2-r, 


Thus, indirect redox reaction leads to the production of 
electrical energy. At the zinc rod, oxidation occurs. It is the anode 
of the cell and is negatively charged while at copper electrode, 
reduction takes place; it is the cathode of the cell and is positively 
charged. 

Thus, the above points can be summed up as: 

(i) Voltaic or Galvanic cell consists of two half-cells. The 
reactions occurring in half-cells are called half-cell 
reactions. The half-cell in which oxidation occurs is 
called oxidation half-cell and the reaction taking place 
in it is called oxidation half-cell reaction. Similarly, the 
half-cell in which reduction occius is called reduction 
half-cell and the reaction taking place in it is ealled 
reduction half-cell reaction. 

(ii) The electrode where oxidation occurs is called anode and 
the electrode where reduction occurs is termed cathode. 

(iii) Electrons flow from anode to cathode in the external 
circuit. 

(iv) Overall ion movement during the operation of the 
galvanic cell shows that negative ions (anions) move 
away from cathode where they are present in exeess, 
towards anode, where they are needed to balance the 
eharge of the positive ions (cations) formed. Similarly, 
eations move away from the i>”ode where they are in 
exeess, towards the cathode, where they balance the 
anions left in excess. 

Example : An Au(N 03)3 solution containing a gold 
electrode is comiected by means of salt bridge to a PbCl 2 
solution containing lead electrode. The cell can be 
correctly represented as, 
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Fig. 12.8 


fvTT^fieniical energy is convert^ into ele^eal energyT^ 
(vi) The net reaction is the sum of two half-cell reactions. The 
reactions in Daniell cell can be represented as: 

Oxidation half reaction, Zn(s)-^ Zn {aq.) + 

Reduction half reaction,Cu^^^o^.) + 2e~ -> Cu( 5 ) 


Net reaction 


Zn( 5 ) + Cu {aq.) Zn {aq.) + Cu(j) 


2 +, 


Electrode Signs 

The signs of the anode and cathode in the voltaic or galvanic 
cells are opposite to those in the electrolytic cells (Fig. 12.9). 


ELECTROLYTIC CELL 
(emf is applied to cell) 


VOLTAIC OR GALVANIC CELL 
(emf is generated by cell) 






zrtr: 
—t- 



Anode 

Cathode 

Rg. 12.9 

Anode 

Cathode 


Electrolytic cell 

Voltaic or Galvanic cdl 


Anode 

, Cathode 

Anode 

Cathode 

Sign 

Electron flow 

Half reaction 

-1- 

out 

oxidation 

in 

reduction 

out 

oxidation 

- + - 

in 

reduction 


Difference in electrolytic cell and galvanic cell 


1 . 


2 . 


3. 

4. 


Electrolytic cell 


Galvanic cell 


Electrical energy is 
converted into chemical 
energy. 


Chemical energy is converted into 
electrical energy. 


Anode is positive elec- Anode is negative electrode, 
trode. Cathode is negative Cathode is positive electrode, 
electrode. 


Ions are dischaiged on 
both the electrodes. 


Ions are discharged only on the 
cathode. 


If the electrodes are inert, 
concentration of the 
electrolyte decreases 
when the electric current 
is circulated. 


Concentration of the anodic 
half-cell increases while that of 
cathodic half-cell decreases when 
the two electrodes are joined by a 
wire. 


5. Both the electrodes can be The electrodes are fitted in 

-fitted—»—fte—saate— different compartiwe B t S ; - 

compartment. 


salt bridge and its significance 

Salt bridge is usually an inverted U-tube filled with concentrated 
solution of inert electrolytes. An inert electrolyte is one whose 
ions are neither involved in any-electtochemical-change nor^do- 
they react chemically with the electrolytes in the two half-cells. 
Generally salts like KCl, KNO 3 ,NH 4 N 03 , etc., are used. For the 
preparation of salt bridge, gelatin or agar-agar is dissolved in a 
hot concentrated aqueous solution of an inert electrolyte and the 
solution thus formed is filled in the U-tube. On cooling the 
solution sets in the form of a gel in the U-tube. The ends of the 
U-tube are plugged with cotton wool as to minimise diffusion 
effects. This is used as a salt bridge. 

Significance of salt bridge: The following are the functions 
of the salt bridge: 

(i) It connects the solutions of two half-cells and completes 
the cell circuit. 

(ii) It prevents transference or diffusion of the solutions from 
one half-cell to the other. 

(iii) It keeps the solutions in two half-cells electrically 
neutral. In anodic half-cell, positive ions pass into the solution 
and there shall be accumulation of extra positive charge in the 
solution around the anode which will prevent the flow of 
electrons from anode. This does not happen because negative 
ions are provided by salt bridge. Similarly, in cathodic half-cell, 
negative ions will accumulate around cathode due to deposition 
of positive ions by reduction. To neutralise these negative ions, 
sufficient number of positive ions are provided by salt bridge. 
Thus, salt bridge maintains electrical neutrality. 

(iv) It prevents liquid-liquid junction-potential, i.e., the 
potential difference which arises between two solutions when in 
contact with each other. 

A broken vertical line or two parallel vertical lines in a cell 
reaction indicates the salt bridge. 

ZnlZn^'" ||Cu^^ |Cu 

Salt bridge can be replaced by a porous partition which allows 
the migration of ions without allowing the solutions to intermix. 






















































794 


G.R.B. Physical Chemistry For Competitions 


1^# REPRESENTATION OF AN ELECTRO¬ 
CHEMICAL CELL (Galvanic Cell) 

The following universally accepted conventions are followed in 
representing an electrochemical cell: 

(i) The anode (negative electrode) is written on the left hand 
side and cathode (positive electrode) on the right hand side. 

(ii) A vertical line or semicolon (;) indicates a contact 
between two phases. The anode of the cell is represented by 
writing metal first and then the metal ion present in the 
electrolytic solution. Both are separated by a vertical line or a 
semicolon. For example, 

ZnlZn^^ or Zn;Zn^+ 

The molar concentration or activity of the solution is written 
in brackets after the formula of the ion. For example, 

_Zn,| Zn ^-^d m o r Zn | Zn m _ 

—(rii)-The“cathode’“ofrtherceH~is represented by writingrthe— 
cation of the electrolyte first and then metal. Both are separated 
by a vertical line or semicolon. For example, 

Cu^-^ICu or Cu^^-.Cu or Cu^^(lAOICu 

(iv) The salt bridge which separates the two half-cells is 

indicated by-two-parallel vertical-lines.-- 

(v) Sometimes negative and positive signs are also put on the 
electrodes. 

The Daniell cell can be represented as: 

Zn 1 ZnS 04 (aq .) 11 CUSO 4 {aq .) | C u 
Anode Salt bridge Cathode 
Oxidation half-cell Reduction half-cell 
or ZnlZn^'" IICu^'" iCu 

or ZnlZn^'"(lM)||Cu^''(lM)|Cu 

ELECTRODE POTENTIAL 

When a metal is placed in a solution of its ions, the metal aequires 
either a positive or negative charge with respect to the solution. 
On account of this, a definite potential difference is developed 
between the metal and the solution. This potential difference is 
called electrode potential. For example, when a plate of zinc is 
placed in a solution having Zn^”^ ions, it becomes negatively 
charged with respect to solution and thus a potential difference is 
set-up between zinc plate and the solution. This potential 
difference is termed the electrode potential of zinc. Similarly, 
when copper is placed in a solution having Cu ions, it becomes 
positively charged with respect to solution. A potential difference 
is set-up between the copper plate and the solution. The potential 
difference thus developed is termed as electrode potential of 
copper. The potential difference is established due to the 
formation of electrical double layer at the interface of metal and 
the solution. The development of negative charge (as on zinc 
plate) or positive charge (as on copper plate) can be explained in 
the following manner. When a metal rod is dipped in its salt 
solution, two changes occur: 


M(s) - {aq.)+ne 



Fig. 12.10 (a) 


M"*{aq.) + ne ——>M {s) 


>1 



r 1 



r 





-I-Z-pj? 

w 

— 


-- 


•y 




H 


Fig, 12.10(b) 


(a) Oxidation : Metal ions pass from the electrode into 

solution leaving an excess of electrons 
and thus a negative charge on the electrode. 

(b) Reduction : Metal ions in solution gain electrons from 

the electrode leaving a positive charge on the 
electrode. 

(i) The conversion of metal atoms into metal ions by the 
attractive force of polar water moleeules. 

M - 

The metal ions go into the solution and the electrons remain on 
the metal making it negatively charged. The tendency of the 
metal to change into ions is known as electrolytic solution 
pressure. 

(ii) Metal ions start depositing on the metal surface leading 

to a positive charge on the metal. 

■» 

M”* +ne~ 

This tendency of the ions is termed osmotic pressure. 

In the beginning, both these changes occur with different 
speeds but soon an equilibrium is established. 

In practice, one effect is greater than the other, if first effect is 
greater than the second, the metal acquires a negative charge with 
respect to solution and if the second is greater than the first, it 
acquires positive charge with respect to solution, thus in both the 
cases a potential difference is set-up. 

The magnitude of the electrode potential of a metal is a 
measure of its relative tendency to lose or gain electrons, /. e., it is 
a measure of the relative tendency to undergo oxidation (loss of 
electrons) or reduction (gain of electrons). The magnitude of 
potential depends on the following factors: 
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(i) Nature of the electrode, 

(ii) Concentration of the ions in solution, 

(iii) Temperature. 

Depending on the nature of the metal electrode to lose or gain 
electrons, the electrode potential may be of two types: 

(i) Oxidation potential: When electrode is negatively 
charged with respect to solution, acts as anode. Oxidation 
occurs. 

M - 

(ii) Reduction potential: When electrode is positively 
charged with respect to solution, ie., it acts as cathode. 
Reduction occurs. 

+«e“- >M 

It is not possible to measure the absolute value of the single 
electrode potential directly. Only the difference in potential 
between two electrodes can be measured experimentally. It is. 
theref ore, necessary to couple the electrode with another 
electrode whose potential is known. This electrode is termed as 
reference electrode. The emf of the resulting cell is measured 
experimentally. The emf of the cell is equal to the sum of 
potentials on the two electrodes. 

Emf of the cell = J^Anode + -Ecathode 

— " = Oxidation potential of anode 

+ Reduction potential of cathode 

Knowing the value of reference electrode, the value of other 
electrode can be determined. 

STANDARD ELECTRODE POTENTIAL 

In order to compare the electrode potentials of various electrodes, 
it is necessary to specify the concentration of the ions present in 
solution in which the electrode is dipped and the temperature of 
the half-cell. The potential difference developed between metal 
electrode and the solution of its ions of unit molarity (1 M) at 
25“ C (298 K) is called standard electrode potential. 

According to the lUPAC convention, the reduction potential 
alone can be called as the electrode potential (E°), i.e ., the given 
value of electrode potential can be regarded as reduction 
potential unless it is specifically mentioned that it is oxidation 
potential. Standard reduction potential of an electrode means that 
reduction reaction is taking place at the electrode. If the reaction 
is reversed and written as oxidation reaction, the numerical value 
of electrode potential will remain same but the sign of standard 
potential will have to be reversed. Thus, 

Standard reduction potential = - Standard oxidation 

potential 

or Standard oxidation potential = - Standard reduction 

potential 

12 ii REFERENCE ELECTRODE 

(Standard Hydrogen Electrode, 
SHEorNHE) 

Hydrogen electrode is the primary standard electrode. It consists 
of a small platinum strip coated with platinum black as to adsorb 
hydrogen gas. A platinum wire is welded to the platinum strip and 


sealed in a glass tube as to make contact with the outer circuit 
through mercury. The platinum strip and glass tube is surrounded 
by an outer glass tube which has an inlet for hydrogen gas at the 
top and a number of holes at the base for the escape of excess of 
hydrogen gas. The platinum strip is placed in an acid solution 
which has ion concentration 1 M. Pure hydrogen gas is 
circulated at one atmospheric pressure. A part of the gas is 
adsorbed and the rest escapes through holes. This gives an 
equilibrium between the adsorbed hydrogen and hydrogen ions 
in the solution. 

jjj -2H^ T 2c 

The temperature of the cell is maintained at 25° C. By 
international agreement the standard hydrogen electrode is 
arbitrarily assigned a potential of exactly ± 0.000.. .volt. 



Fig. 12.11 Hydrogen electrode 


The hydrogen electrode thus obtained forms one of two 
half-cells of a voltaic cell. When this half-cell is connected with 
any other half-cell, a voltaic cell , is constituted. The hydrogen 
electrode can act as cathode or anode with respect to other 
electrode. 

SHE half reaction Electrode potential 

-> 2H ■" + 2e' 0.0 V (Anode) 

2H * + 2e“-> 0.0 V (Cathode) 

12:17 MEASUREMENT OF ELECTRODE 
POTENTIAL 

The measurement of electrode potential of a given electrode is 
made by constituting a voltaic cell, i. e., by connecting it with a 
standard hydrogen electrode (SHE) through a salt bridge. 1 M 
solution is used in hydrogen half-cell and the temperature is 
maintained at 25° C. The emf of the cell is measured either by a 
calibrated potentiometer or by a high resistance voltmeter, i. e ., a 
valve voltmeter. The reading of the voltmeter gives the electrode 
potential of the electrode in question with respect to the hydrogen 
electrode. The standard electrode potential of a metal may be 
determined as it is the potential difference in volt developed in a 
cell consisting of two electrodes: the pure metal is in contact with 
a molar solution of one of its ions and the standard hydrogen 
electrode. 
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Valve voltmeter 



Metal M 


Molar M"+H 


Electron flow if metal M 
has a negative electrode 
^' potential 

•41 -- 

Electron flow if metal M 
has a positive electrode 
potential 

-Hydrogen 


Molar H+ 


Fig. 12.12 


(i) Determination of standard electrode potential of 
Zn / Zn electrode: A zinc rod is dipped inlM zinc sulphate 
solution. This half-cell is combined with a standard hydrogen 
electrode through a salt bridge. Both the electrodes are connected 
with a voltmeter as shown in Fig. 12.13. The deflection of the 
voltmeter indicates that current is flowing from hydrogen 
electrode to metaWectrode-or the electrons are moving from zinc 
rod to hydrogen electrode. The zinc electrode acts as an anode 
and the hydrogen electrode as cathode and the cell can be 
represented as 

Zn I Zn^*{aq.) || 2H ^{aq.) \ H 2 (g) 

Anode (-) Cathode (+) 

Zn-^Zn^""+2e" ;2H-"+2e" - 

(Oxidation) (Reduction) 



Zn rod 
(Anode) 



Cathode 


^H2 
(at 1 atm) 


1MZnS04 IMHCI 

Fig. 12.13 Zn-Hj electrochemical cell 
The emf of the cell is 0.76 volt 

■^Cell ~ -^Anode -^Cathode 


0-76 = £Anode + 0 or 


-Anode = +0.76 V 
As the reaction on the anode is oxidation, i. e., 


Zn 


-^Zn^*+2e, 


^Anode i® ^h® Standard oxidation potential of zinc. This potential is 
given the positive sign. 




(Zn/Zn^*): 


: + 0.76 volt 


So, standard reduction potential of Zn, i e. 
= -E°, =-(+0.76) 

= - 0.76 volt 

The emf of such a cell 
gives the positive value of 
standard oxidation potential Anode 
of metal M The standard 
reduction potential (.S° ) is 
obtained by reversing the 
sign of ; 
potential. 


,£°(Zn^"' /Zn) 


%\ectrOT iol; 


Cathode 


M/M" 


Hydrogen 

-electrode- 


JT/H 


Fig. 12.14 


(ii) Determination of standard electrode potential of 
/ Cu, electrode: A copper rod is dipped in 1 M solution 
of CUSO 4 . It is combined with hydrogen electrode through a salt 
bridge. Both the electrodes are joined through a voltmeter. The 
deflectibri of the vbrtmefer~ihdiclites that~i^^ islElbwihg ffdin 

copper electrode towards hydrogen electrode, i. e ., the electrons 
are moving from hydrogen electrode to copper electrode. The 
hydrogen electrode acts as an anode and the copper electrode as-a— 
cathode. The cell can be represented as 

H2ig)\2n*{aq.)\\Cu^^{aq.)\Cu 

Anode (-) Cathode (+) 

H 2 - >2ii^+2e- ;Cu^^+2e" ->Cu 

Oxidation Reduction 

The emf of the cell is 0.34 volt. 

;®Cell ■” -^Anode ^Cathode 

0.34 = 0+£f^f,,ojg 

Since, the reaction on the cathode is reduction, le., 

Cu + 2e~ - > Cu, £cathode Standard reduction potential 

of copper. This is given the -t ve sign. 

E° ,i.e., standard reduction potential of Cu/Cu = 0.34 volt 
So, eI^ (standard oxidation potential of copper) = - 0,34 volt 
The emf of such a cell gives positive value of reduction 
potential of metal electrode. The standard oxidation potential of 
this electrode is obtained by reversing the sign of standard 
reduction potential. 

."-^ectronflo^x 



Anode 



Cathode 


Ha ^ 2H+ + 2e- M"+ + ne^ ^ M 

Fig. 12.15 
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It is thus concluded that at the metal electrode whieh acts as 
anode with respect to hydrogen electrode (cathode), the reduction 
potential is given the minus sign and at the metal eleetrode which 
acts as cathode with respect to hydrogen electrode (anode), the 
reduction potential is given the positive sign. 

The standard electrode potentials (oxidation or reduction) of 
various elements can be measured by eombining the eleetrode in 
question with a standard hydrogen eleetrode and measuring the 
emf of the cell constituted. 

i4ir EMF OF A GALVANIC CELL 

Every galvanic or voltaic cell is made up of two half-cells, the 
oxidation half-cell (anode) and the reduction half-cell (cathode). 
The potentials of these half-cells are always different. On account 
of this difference in electrode potentials, the electric current 
moves from the electrode at higher potential to the electrode at 
lower potential, i. e., from cathode to anode. The direction of the 
flow of electrons is from anode to cathode. 

Flow of electrons 

Anode ^ ^ Cathode 

Flow of current 

The difference in potentials of the iwp fralf cells is known as 
the electromotive force (emf) of the cell or cell potential. 

The emf of the cell or cell potential can be calculated from the 
values of electrode potentials of the two half-cells constituting 
the cell. The following three methods are in use: 

(i) When oxidation potential of anode and reduction potential 
of cathode are taken into account: 

^Li = Oxidation potential of anode 

-1- Reduction potential of cathode 
= (anode) -i- (cathode) 

(ii) When reduction potentials of both electrodes are taken 
into account: 

^ceii = Standard Reduction potential of cathode 

- Standard Reduction potential of anode 

_ pO _ -O 

~~ 'Cathode Anode 

“ right -^left 

(iii) When oxidation potentials of both electrodes are taken 
into account: 

^ceii “ Oxidation potential of anode 

- Oxidation potential of cathode 
= (anode) - (cathode) 

Difference between emf and potential difference: The 
potential difference is the difference between the electrode 
potentials of the two electrodes of the cell under any condition 
while emf is the potential generated by a cell when there is zero 
electron flow, i. e ., it draws no current. The points of difference 
are given ahead: 


Emf 


Potential difference 


1. It is the potential difference 
between two electrodes when no 
current is flowing in the circuit. 

2. It is the maximum voltage that 
the cell can deliver. 


It is the difference of the 
electrode potentials of the two 
electrodes when the cell is under 
operation. 

It is always less than the 
maximum value of voltage 
which the cell can deliver. 


3. 


It is responsible for the steady It is not responsible for the 
flow of current in the cell. steady flow of current in the 

_ cell. 


12.19 REVERSIBLE AND IRREVERSIBLE 
CELLS 

Daniell cell has the emf value 1.09 volt. If an opposing emf 
exactly equartdTT09Wdlris appliedloThe cell, the cell reaction, 

Zn-i-Gu''^->Cu-i-Zh^^ 

stops but if it is increased infinitesimally beyond 1.09 volt, the 
cell reaetion is reversed. 

CuH-Zn^-" —^Zn-i-Cu^+ 

Such a cell i^fermed a fevefsiBle c'eU. Thus, the following SFt^ 
two main conditions of reversibility: 

(i) The chemical reaction of the cell stops when an exactly 
equal opposing emf is applied. 

(ii) The chemical reaction of the cell is reversed and the 
current flows in opposite direction when the opposing emf is 
slightly greater than that of the cell. 

Any other cell which does not obey the above two conditions 
is termed as irreversible. A cell consisting of zinc and copper 
electrodes dipped into the solution of sulphuric acid is 
irreversible. Similarly, the cell 

Zn|H 2 S 04 (aq.)|Ag 

is also irreversible because when the external emf is greater than 
the emf of the cell, the cell reaction, 

Zn-i-2H^ —^Zn^+- 1 -H 2 
is not reversed but the cell reaction becomes 
2Ag -I- 2H ->2Ag+ -t- H 2 

12:20 SOME OTHER REFERENCE 
ELECTRODES 

Since, a standard hydrogen electrode is difficult to prepare and 
maintain, it is usually replaced by other reference electrodes, 
which are knovm as secondary reference electrodes. These are 
convenient to handle and are prepared easily. Two important 
secondary reference electrodes are described here. 

(i) Calomel electrode: It consists of mercury at the bottom 
over which a paste of mercury-mercurous chloride is placed. A 
solution of potassium chloride is then placed over the paste. A 
platinum wire sealed in a glass tube helps in making the electrical 
contact. The electrode is connected with the help of the side tube 
on the left through a salt bridge with the other electrode to make a 
complete cell. 
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Pt wire 



Saturated 
KCI solution 

H92CI2 and 
Hg paste 

Mercury 


Fig. 12.16 Calomel electrode 


The potential of the calomel electrode depends upon the 
concentration of the potassium chloride solution. If^massiuin 
rhtonde~so!ut1o'n is saturated, the^electrode is known as saturated 
calomel electrode (SCE) and if the potassium chloride solution is 
1 N, the electrode is known as normal calomel electrode (NCE) 
while for 0.1 N potassium chloride solution, the electrode is 
referred to as decinormal calomel electrode (DNCE); The 
electrode react ion w he n th e el e ctrod e a c ts as ca thode is:_ 


^ Hg 2 CI 2 + e- ^ Hg + Cr 

The reduction potentials of the calomel electrodes on 
hydrogen scale at 298 K are as follows; 

Saturated KCI 0.2415 V 

l.OVKCl 0.2800 V 

0.1 V KCI 0.3338 V 


The electrode potential of any other electrode on hydrogen 
scale can be measured when it is combined with calomel 
electrode. The emf of such a cell is measured. From the value of 
electrode potential of calomel electrode, the electrode potential of 
the other electrode can be evaluated. 

(ii) Silver-silver chloride electrode: This is another widely 
used reference electrode. It is reversible and stable and can be 
combined with cells containing chlorides without inserting liquid 
junctions. 

Silver chloride is deposited electrolytically on a silver or 
platinum wire and it is then immersed in a solution containing 
chloride ions. Its standard electrode potential with respect to the 
standard hydrogen electrode is 0.2224 V at 298. K. The electrode 
is represented as; 

, Ag|AgCl|Cr 
The electrode reaction is: 


AgCl + e'-^Ag + Cr 


12.21: PREDICTION FOR OCCURRENCE OF 
A REDOX REACTION 

Any redox reaction would occur spontaneously if the free energy 
change (AG) is negative. The free energy is related to cell emf in 
the following maimer: 

'AG° = -nFE° 


where, n is the number of electrons involved, F is the value of 
Faraday and £■“ is the cell emf. AG can be negative if £“ is 

positive. 

When E° is positive, the cell reaction is spontaneous and 
serves as a source of electrical energy. 

To predict whether a particular redox reaction will occur or 
not, write down the redox reaction into two half reactions, one 
involving oxidation reaction and the other involving reduction 
reaction. Write the oxidation potential value for oxidation 
reaction and reduction potential value for reduction reaction. Add 
these two values, if the algebraic summation gives a positive 
value, the reaction will occur, otherwise not. 

[Note : The true conditions for operating voltaic cells are : 

AG<0, E>0] 


E L E CTRQDEA ND CELL POTENTIALS 
NERNST EQUATION 


The electrode potential and the emf of the cell depend upon the 
nature of the electrode, temperature and the activities 
(concentrations) of the ions in solution. The variation of 
elecfrode and^ cell “potentials with ^OncentfatioiT or ions in 
solution can be obtained from thermodynamic considerations. 
For a general reaction such as 

ntyA+m2B + .::^^=^n^X + n2Y+.■■ —(i} 

occurring in the cell, the Gibbs free energy change is given by the 
equation 


AG = AG° + 1303RT logjo 


X ... 

-7 >^-7- 



where, ‘ o’ represents the activities of reactants and products 
under a given set of conditions and AG° refers to free energy 
change for the reaction when the various reactants and products 
are present at standard conditions. The free energy change of a 
cell reaction is related to the electrical work that can be obtained 
from the cell, i.e., AG = -nFE^y^ and AG° = ~nFE°. On 
substituting these values in eq. (ii), we get 


-nFE, 


cell 


-nFE°^^^ +2303RTlog 


a' X a. 


”2 


10 




or 


£cen=^ceU 


2303RT 

nF 


a J X a 


112 


JlO 


aj xaf 


-... (iii) 

- (iv) 


This equation is known as Nemst equation. 

Putting the values of i? = 8.314 JK“' moP', T = 298 K and 
F = 96500 C, eq. (iv) reduces to 




0.0591, 
-logic 

n 


= E° 


0.0591, 

-log,o 

n 


a"J X a. 


”2 


-7 


[Products] 

[Reactants] 


(V) 
... (Vi) 
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Potential of single electrode (Anode): Consider the 

general oxidation reaction, 

M - >M'‘*+ne~ 

Applying Nemstequation, 

^OX ^OX riLT-i 

n [M\ 

where, is the oxidation potential of the electrode (anode), 
is the standard oxidation potential of the electrode. 

[Note: The concentration of pure solids and liquids are taken as unity.] 

0.0591, 




:log,o[M"n 


Let us consider a Daniell cell to explain the above equations. 
The concentrations of the electrolytes are not 1 M. 


Zn(s) I Zn (aq) 11 Cu (a^.) | Cu 


Potential at zinc electrode (Anode) 
0.0591, 


^ox =-^ox -■ 


log 10 [Zn^" ] 


Potential at copper electrode (Cathode) 
0.0591, 


^red = -fibred + ' 


logio [Cu^" ] 


Emf of the cell 


^cell ^ox -^red 


= (£ox +^red)- 


0.0591, 


0.0591. 


The value of n = 2 for both zinc and copper. 

Let us consider an example, in which the values of n for the 
two ions in the two half-cells are not same. For example, in the 
cell 


Cu|Cu"||Ag^lAg 


The cell reaction is: 


Cu(j)+2Ag''-—>Cu^''+2Ag 
The two half-cell reactions are: 

Cu->Cu^'"-t-2e" 

Ag'"+e“—^Ag 

The second equation is multiplied by 2 to balance the number 
of electrons. 

2Ag'^ + 2e'‘-> 2Ag 


+ ^^!og,„[Ag*]' 


■ -^ox ^red -^ox 


0.0591 . 
2 


0.0591, [Cu""-] 

-^ logic--T 

2 [Ag+]' 

[Cu^^] 

[Ag^f _ 

EXAMPLES\tS:!:t 


^^Ei^pleSl. Construct the cells in which the following 
reactions are taking place. Which of the electrodes shall act as 
anode {negative electrode) and which one as cathode {positive 
electrode)? 

{a) Zn -I- C^Of= ZnSO^ + Cu 
{b) Cu + lAgNO-^ = Ca(iV 03 )2 -(- 2Ag 
(c) Zn + H 2 SOH - ZnSO^ + 

{d) Fe + SnCl 2 = FeCZj + Sn 

Solution: It should always be kept in mind that the metal 
which goes into solution in the form of its ions under goes 
oxidation and thus acts as negative electrode (anode) and the 
element which comes into the free state undergoes reduction and 
acts as positive electrode (cathode): 

(a) In this case Zn is oxidised to Zn and thus acts as anode 
(negative electrode) while Cu is reduced to copper and thus 
acts as cathode (positive electrode). The cell can be represented 
as 

Zn 1 ZnS 04 II CUSO 4 I Cu 
or ZnlZn^^ IICu^^ ICu 

Anode (-) Cathode (+) 

(b) In this case Cu is oxidised to Cu and Ag"^ is reduced to 
Ag. The cell can be represented as 

CulCu(N 03 ) 2 liAgN 03 lAg 

or CulCu^^ll Ag^lAg 

Anode (-) Cathode (+) 

(c) In this case, Zn is oxidised to Zn and is reduced to 
H 2 . The cell can be represented as: 

ZnlZnSG 4 IIH 2 SO 4 IH 2 (Pt) 
or ZnlZn^-" 1I2H^ IH 2 (Pt) 

Anode (-) Cathode (+) 

(d) Here, Fe is oxidised to Fe^'^ and Sn ^'^ is reduced to Sn. 
The cell can be represented as: 

FelFeCl 2 IISnCl 2 ISn 

or FelFe^-" IISn^+ISn 

Anode (-) Cathode (+) 


Note VOxIditioii potential is while recKtion potentiai is represented as „ . the valueBf 2 + (oxidation pdtehM ofZn) is + 0.76 


volt and the value of .^ 2 + (reduction potential of copper) is + 0. 
while that having higher value of reduction potential acts as cathode, 


Cu ^ / Cu (reduction potential of copper) is + 0.34 volt. The electrode having lower value of reduction potential acts as an anode 







G.R.B. Physical Chemistry For Competitions 


800 

Example 32. Consider the reaction, 

2Ag^+Cd - >2Ag + Cd^'^ 

The standard electrode potentials for Ag^ - >Ag and 

Cd^* -> Cd couples are 0.80 volt and — 0.40 volt respectively. 

(i) What is the standard potential E°for this reaction? 

(ii) For the electrochemical cell, in which this reaction takes 
place which electrode is negative electrode? 

Solution: (i) The half reactions are: 

+ 2e~ ->2Ag, 

Reduction 

(Cathode) 

^Ag+/Ag (Reduction potential) 

-^d---Gd^±—^- 

_ Oxidation _ 

(Anode) 

'^cd^+/cd 0-40 volt (Reduction potential) 

or 0-40 volt 

= +K =0.40+0^80 = 1.20volt 

Cd/Cd Ag Mg 

(ii) The negative electrode is always the electrode whose 
reduction potential has smaller value or the electrode where 
oxidation occurs. Thus, Cd electrode is the negative electrode. 

-- -Example 33. Consider the cell, 

Zn 1 Zn^-" (ag. )(1.0M)|| (eg. )(1.0M)| Cu 
The standard electrode potentials are: 

Cu^^ + 2e- -> Cu{aq. ); E° = 0.350 volt 

Zn^^ + 2e~ ->Zn(ag.); £'° = - 0.763 volt 

(i) Write down the cell reaction. 

(ii) Calculate the emf of the cell. 

Solution: (i) Reduction potential of Zn is less than copper, 
hence Zn acts as anode and copper as cathode. 

At anode Zn-^Zn^'^+2e“ (Oxidation) 

At cathode Cu + 2e"-+ Cu (Reduction) 

Cell reaction Zn + Cu Zn + Cu 

(il) ■fi'cell ~^Xn/Zn^+ *^Cu^*/Cu 

= Oxi. potential of zinc + Red. potential of copper 

^°zrF*iZ-a (Reduction potential) 

^°zniZjF* (Oxidation potential) 

and ^°oF+i cu ~ 11350 (Reduction potential) 

So, = 0.763 + 0.350 =1.113 volt 

Example 34. Write the electrode reactions and the net cell 
reactions for the following cells. Which electrode would be the 
positive terminal in each cell? 


(a) Zn\Zn^^ ||fir“,5r2|Pf (b) Cr\Cr^* WJ-J^lPt 

(c) Pt II I Cu (d) Cd I Cd'^* lie/-, AgCl\Ag 

Solution: 

(a) Oxidation half reaction, Zn-+ Zn + 2e- 

Reduction half reaction, Br 2 + 2e- —^ 2Br- 

Net cell reaction Zh + Br 2 -> Zn + 2Br“ 

Positive terminal—Cathode Pt 

(b) Oxidation half reaction, [Cr-^ Or + 3e- ] x 2 

Reduction half reaction, [I 2 + 2e“ —^ 21" ] x 3 

Net cell reaction 2Cr + SIj-> 2Ct^'^ +61" 

_ Positive terminal—Cathode Pt _ 

—(c)-Oxida tion half r eaettoa,-H 2 -— * + 1 ^ - 

Reduction half reaction,Cu + 2e”-> Cu 

Net cell reaction H, +• Cu ^ Cu + 2H 
Positive terminal—Cathode Cu .. ■_ 

(d) Oxidation half reaction, Cd->Cd^'^+2e- 

Reduction half reaction, 

[AgCl + e-->Ag + Cr]x2 

Net cell reaction Cd + 2AgCl-> Cd^'^ +- 2Ag + 2C1- 

Positive terminal—Cathode Ag 
Example 35. Will Fe be oxidised to by reaction with 
1.0 M HCl? E ° for Fe / Fe'* = +- 0.44 volt. 

Solution: The reaction will occur if Fe is oxidised to Fe^”*^. 

Fe +- 2HC1 —^ FeCl 2 + H 2 
Writing two half reactions, 

Fe- +2e~ Oxidation; Fp^p^ 2 + =0.44 volt 

2H'^ +2e--Reduction; F° + ,„ =0.0 volt 

H /H 

Adding; einf = 0.44 volt 

Since, emf is positive, the reaction shall occur. 

Example 36. The values ofE° ofsome of the reactions are 
given below: 


l2+2e- - 

-^21^; 

E° =+ 0.54 volt 

1 

1 

^51 

+- 

—^2Cr; 

E° = + l.36volt 

+£- - 

-^Fe^^- 

E° = +0.7 6 volt 

+e-- 

-^Ce^^; 

F ° = +1,60 volt 

5«'’+ +2e- - 


E°.^ +0.15 volt 


On the basis of the above data, answer the following 
questions: 
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(a) WhetherFe^'^ oxidisesCe^'^ ornot? 

(b) Whether 1 2 displaces chlorine from KCl? 

(c) Whether the reaction between FeCl^ and SnCl 2 occurs or 
not? 

Solution: (a) Chemical reaction, 

Fe^^ + Ce^^-> Ce'^^ + Fe^^ 

Two half reactions, 

Fe^'^+e-^Fe^"^; Reduction; = 0.76 volt 

Ce^"^- +e~\ Oxidation; =-1.60 volt 

Adding; emf = - 0.84 volt 

Since, emf is negative, the reaction does not occur, 2 .e.,Fe^^ 
does not oxidise Ce^"^. 

(b) Chemical reaction, 

_ T; + 2KC1 = 2KT + CK _ 

Half reactions, 

I 2 + 2e"-> 21“; Reduction; E° = 0.54 volt 

2Cr-> CI 2 + 2e”; Oxidation; E°^y^ = -1.36 volt 

Adding; emf = - 0.82 volt 

Since, emf is negative, the reaction does not occur, i. e. ,1 2 does 
not displace Cl 2 from KCl. 

(c) Chemical reaction, 

SnCl2+2FeCl3-»SnCl4 + 2FeCl2 

Half reactions, 

Fe^'*' +e~ ->Fe^‘'';.;, Reduction; £° = 0.76 volt 

Sn^'*'->Sn‘‘^+2e”; Oxidation; = -0.15 volt 

Adding; emf = + 0.61 volt 
Since, emf is positive, the reaction will occur. 

^ffliiiioijple 37. Calculate the electrode potential at a copper 
electrode dipped in a Q.\ M solution of copper sulphate at 25° C. 
The standard electrode potential ofCu^^ / Cu system is 0.34 volt 
^at29SK. 

Solution: We know that, E^^^ = E°^^ + log jo [ion] 

n 

Putting the values of E°^ = 0.34 V,« = 2 and [Cu = Oil M 

^red = 0.34 + ^:^ log ,0 [0.1] 

= 0.34 +0.02955 x(-l) 

= 0.34 - 0.02955 = 0.31045 volt 
, EiadipleJS. What is the single electrode potential of a 
half-cell for zinc electrode dipping in 0.01 MZnSO^ solution at 
25° C? The standard electrode potential ofZnlZn^* system is 
0.163 volt at 25° C. 

Solution: We know that, E^^ = E°^^ - log ,0 [ion] 


Putting the value of E^'^^ = 0.763 V, « = 2 and [Zn^"^ ] = 0.01 


M, 


Eo. =0.763- 


0.0591 


log 10 [0.01] 


= 0.763-0.02955 X (-2) 

= (0.763 + 0.0591) volt = 0.8221 volt 
The standard oxidation potential of zinc is 
0.76 volt and ofsilver is - 0.80 volt. Calculate the emf of the cell: 

Zn\Zn{N02)2 WAgNO^ \Ag 
at 25° C. “25m 0.1 m 

Solution: The cell reaction is 


Zn + 2Ag'^- y 2Ag + Zn 


Eg^ of Zn = 0.76 volt 


2 + 


of Ag -=-078 & ^ v elC 


Ecea = Eg^ of Zn + E,g^ of Ag = 0.76 + 0.80 =1.56 volt 

o 0 0591 [Products] 

We know that, log 


■^celi 


n 

0.0591 


log 


[Reactants] 

0.25 

O.TxO.l 


= 1.56-M!^x 1.3979 


= (1.56-0.0413) volt 
= 1.5187 volt 

Alternative method: First of all, the single electrode 
potentials of both the electrodes are determined on the basis of 
given concentrations. 

0.0591 


(Zinc) Egy^ 


log 0.25 


0.76+0.0177= 0.7777 volt 
0.0591 


■'red (Silver) 


■'red 


1 


log 0.1 


= 0.80-0.0591 = 0.7409 volt 

Ecell — -^ox (Zinc) 3" -^red (Silver) 

= Q7777 + 0.7409 =1.5186 volt 
l^sSpOHiiple 40. ] he emf{E° ) of the following cells are: 

Ag\Ag^ {\M)\\Cu^^ {\M)\C:::, E° = -0.A6volt 

Zn\Zn^^ {\M)\\Cu^^ {\M)\Cu-, E° = + \.\0volt 
Calculate tk.: cnif of the cell: 

■>Zn\Zn^^ (\M)\\Ag^ {\M)\Ag 
Solution: Zn I Zn^.'^(l Af) H Ag'^Cl Af) I Ag 

■^cell (Zn/Zn^'*') ^red (Ag'*' /Ag) 

With the help of the following two cells, thenbove equation 
can be obtained: 

AglAg''(lA/)IICu^''(lA/)ICu;£:° = -0.46 volt 
or CulCu^''(lAf)||Ag''(lAf)|Ag; £° will be + 0.46 volt 


n 
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or 


"I" 0.46 ~ E 9+ "I" + ... 0) 

ox (Cu/Cu^'*') red (Ag'*'/Ag) 

ZnlZn^-'ClA/) IICu^'" jCu; £° = +1.10volt 


+1.10“£' 2+ E 2+ 

ox (Zn/Zn^"^) red (Cu^'*’/Cu) 


...(ii) 


Adding eqs. (i) and (ii), 


+1.56 — E ■>++£ j, +£ 24.+£ 24. 

ox (Cu /Cu ) red (Ag * /Ag) ox (Zn /Zn ) red (Cu /Cu) 

Since, ■^ox (Cu/Cu^'*') '^red (Cu^'*'/Cu) 

So, +1.56 — E n^'^E + 

ox(Zn/Zn^^) red(Ag'^/Ag) 

Thus, the emf of the following cell is 

Zn I Zn (1 A/) 11 Ag-^ (1M) I Ag is +1.56 volt 
■; Example 41. Calculate the emf of the cell. 

Mg{s) 1 (Q2M) 11 Ag^ (1x10-3)1 Ag 


What will be the effect on emf if concentration of Mg^'^ ion is 


= (0-42+ 0.064) = 0.484 volt 

pO _ o o 

^ Cell “ ^ Cathode ^Anode 

pO _ zr° 

^Anode “^Cathode ^Cell 

= (0.80-0.484)= 0.32 volt 

OF OBIJECTIVE QUESTIONS* 

19. The oxidation potential of hydrogen electrode at pH = 10 and 
pHj = 1 atm is: 

(a) 0.51V (b)O.OOV (c) +0.59 V (d) 0.059 V 
[Ans. (c)] 

„ „o 0.0591, [H^] 

[Hint: --l°g-T7- 

n pH 2 


= 0 -log = 0.59 V ] 


decreased /o 0.1 M? 

Solution: Ecm = - E, 


Cell -^Cathode ^ Anode 

= 0.80-(-2.37)=3.17volt 


Cell reaction, Mg + 2Ag'^-> 2Ag + Mg 


2 + 


0.0591, Mg 


2 + 


■^cell ^cell +2 

0.0591, 0.2 

= 3.17-log 


. 2 , “[lxl0-3]3 

= 3.17-0.1566= 3.0134 volt 


when Mg^‘''=0.1M 


„ _„o 0.0591, 0.1 

■^cell -^cell .. 


2 “(1x10-3)2 

= (3.17-0.1477) volt 
= 3.0223,yolt 

Example 42. To find the standard potential of M ! M 
electrode, the following cell is constituted: 

Pf IM I ^3-" (O.OO 18 ffio/ "*i) 11 (0.01 ffio/ i) I Ag 

The emf of this cell is found to be 0.42 volt Calculate the 

standard potential of the half reaction + 36“- vM. 

=0.80vo//. 

Ag^/Ag 

Solution: The cell reaction is 

M+3Ag'"->3Ag + M3-" 

Applying Nemst equation, 

„ „o 0.0591, [m3^] 

' ^cell = ^cell-log -T 

0.0591, (0.0018) _„o 


0.42 = £;„ -::::^log 


(0.01)3 


= P,„. -0.064 


20. The value of equilibrium constant for a feasible cell reaction 
is: 

(a) <1 (b) = 1 (c) > 1 (d) zero 

[Ans. (c)] 


r,.. X, ; ( nE° \ 

[Hiiit: K ~ antilog - 

10.0591j 


For feasible cell, E° is positive; hence from the above equation, 

> 1 for feasible cell reaction.] _ 

21. for the electrochemical cell 

Zn(5) I Zn3+ 1 M {aq.) II Cu^^ 1 M (aq) I Cu(i) 
is 1.10 V at 25°C. The equilibrium constant for the cell 
reaction, 

Zn(j:) + Cu3+ {aq .) Zn^^- {aq.) + Cu(5) 

will be: 


-37 


(a)10- 
(c) 10-3’ 

[Ans. (b)] 

[Hint: K = antilog 


= antilog 


(b)lO' 
(d) 10- 


nE° 

0.0591 

2x1.10 


= i:67x 103’] 


0.0591 

22. The value of the reaction quotient Q, for the cell 
Zn(5) I Zn ^3- (0.01 AO 11 Ag 3- (1.25 AO I Ag(5) 
is: 

(a) 156 (b)125 

(c) 1.25x10"^ (d) 6.4x10-3 

[.Ans. (d)] ■ 

[Hint: Zn(s)->Zn^'^+2e- (Anodic process) 

2Ag'^ + 2e--> 2Ag(s) (Cathodic process) 


Zn(j) + 2Ag3 2Ag(5) + Zn^^ 

e = = ^ = 6.4x10-3] 

[Ag^f {l.25f 
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23. Calculate the emf of the following concentration cell at 25°C: 
Ag(s) I AgNOs (0.01 M) 11 AgNOj (0.05 M) I Ag(s) 


(a)-0.414 V 
(c) 0.414 V 
[Ans. (d)] 


(b) 0.828 V 
(d) 0.0414 V 


[Hint: 


„ „„ 0.0591, ^ 

E = E° -Iog,o Q 


= 0 - 


0.0591 

1 


^:E° = 0 for all concentration cells) 

o.on 


togtol—J = 0.0414V] 


24. The equilibrium constant of the reaction: 

Cu(s) + 2Ag^ {aq .) Cu^^ {aq.) + 2Ag(i) 

E° = 0,46 V at 298 K is: (CBSE (Med.) 2007] 

(a)2.0xl{^‘* (b) 4.0x10*® 

(0)4.0x10*^ _(d) 2.4 X 1(^® 


jAns. (c)X. 


[Hint: K = antilog 


nE° 


■■ antilog 


2x0.46 

0.059 


0.059 
= antilog 15.593 
= 3.9 X lO'^ 

==4 x10‘*T ." ■ 

25. The cell reaction of a cell is: 

Mg(s)+Cu^"^(a?.)T=^ Cu(s)+Mg^'"(a 9 .) 

If the standard reduction potentials of Mg and Cu are - 2.37 
and + 0.34 V respectively. The emf of the cell is: 

(JEE (\VB) 2007] 

(a) 2.03 V (b)-2.03V (c) +2.71V (d)-2.71V 
[Ans. (c)] 

[Hint: = Ecaltode “ ^Anode 

O O 

*“ ^Reduced species ^Oxidised species 

= 0.34-(-2.37) = +2.71V] 

26. The equilibrium constant of the following redox reaction at 
298KislxlO* ' 

2B8?t {aq.) + 2r {aq .) 2Fe^'' (a^.) + («) 

If the standard reduction potential of iodine becoming iodide 

is + 0.54 V. What is the standard reduction potential of 

Fe^'^ / Fe^"'? |PMT (Kerala) 2008] 

(a) + 1.006 V (b)-1.006 V 

(c) +0.77 V (d)-0.77 V 

(e)-0.652 V 

[Ans.(c)] 


[Hint: 


E“=^log,oK 


n 

0.059 


■^Ccii ^Redutad ^jecics ^Oxidised species 


0.236 = £ 




0.77 V] 


log,o 10^*= 0.236 

El 

0.54 


ELECTROCHEMICAL SERIES 

By measuring the potentials of various electrodes versus standard 
hydrogen electrode (SHE), a series of standard electrode 
potentials has been established. When the electrodes (metals and 
non-metals) in contact with their ions are arranged on the basis of 
the values of their standard reduction potentials or standard 
oxidation potentials, the resulting series is called the 
electrochemical or electromotive or activity series of the 
elements. 

By international convention, the standard potentials of 
electrodes are tabulated for reduction half reactions, indicating 
the tendencies of the electrodes to behave as cathodes towards 
SHE. Those with positive E ° values for reduction half reactions 
do in fact act as cathodes versus SHE, while those with negative 
E ° values of reduction half reactions behave instead as anodes 
versus SHE. The electrochemical series is shown in the given 
table;_ 


^Stgndard^AqireoBE Elee trodei*oteittlais-«fr3S°-e- 
‘The Electrochemical Series’ 


Element 


Electrode Reaction 
(Reduction) 


standard Electrode 
Reduction potential 
E%volt 


Li 



Li"- 

+ €• 

"=Li 



K 



K” 

+ 

e - 

= K 



Ca 



Ca^* 

+ 

2 e“ 

= Ca 



Na 



Na” 

+ 

e - 

= Na 



Mg 



Mg"” 


le- 

= Mg 



A1 

t/3 


Al^ 


3e' 

= A1 



Zn 

I 

0 

8 

S’ 

Zn"” 

+ 

le- 

= Zn 

fl 

a> 

i 

Cx 



Cr"” 

4 . 

le- 

= Cr 

I 

0 

73 



U) 

Fe"” 




0 


Fe 

0 

a 

+ 

2e~ 

= Fe 


CO 

.2 

Cd 

« 

0 

Cd"” 

+ 

le- 

= Cd 

ix 

<0 

0 

Ni 

U 

t 

Ni"” 

+ 

le- 

= Ni 

t 

g 




Sn"” 





xt 

Sn 

"O 

c 

n 

+ 

le- 

= Sn 

b 

8 


u 







H 2 

i* 

00 

.i ; 

2H” 

■f 

le- 

= H 2 

00 

.a* 

Cu 

fA 

ce 

u* 

03 

g 

Cu"-^ 

+ 

2e~ 

= Cu 

A 

0 

b 

4) 

W 

0 

I 2 

C 

c 

^2 

■ 2£~ = 

2r 

S 

s, 

Ag 



Ag" 

+ 

e : 

= Ag 



Hg 



Hg"” 

+ 

2e- 

= Hg 



Br2 



Br2 + 

■le = 

:2Br" 




CI 2 

Au 


/N 




CI 2 + 2 e = 
Au^ + 3e“ 


:2Cr 
= Au 


F, + 2e“ = 21^ 


-^“3:05— 

-2.925 

-2.87 

- 2.714 

- 2.37 

- 1.66 

- 0.7628 
-0.74 
-0.44 

- 0.403 
-0.25 
-0.14 

0.00 
+ 0.337 
+ 0.535 
+ 0.799 
+ 0.885 
+ 1.08 
+ 1.36 
+ 1.50 
+ 2.87 


Characteristics of Electrochemical Series 

(i) The negative sign of standard reduction potential indicates 
that an electrode when joined with SHE ads as anode and 
oxidation occurs on this electrode. For example, standard 
reduction potential of zinc is - 0.76 volt. When zinc electrode is 
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joined with SHE, it acts as anode (^ve electrode), i. e., oxidation 
occurs on this electrode. Similarly, the +ve sign of standard 
reduction potential indicates that the electrode when joined with 
SHE acts as cathode and reduction occurs on this electrode. 

(ii) The substances which are stronger reducing agents than 
hydrogen are placed above hydrogen in the series and have 
negative values of standard reduction potentials. All those 
substances which have positive values of reduction potentials and 
placed below hydrogen in the series are weaker reducing agents 
than hydrogen. 

(iii) The substances which are stronger oxidising agents than 
H ion are placed below hydrogen in the series. 

(iv) The metals on the top (having high negative values of 
standard reduction potentials) haye the tendeney to lose electrons 
readily. These axe active metalsfShe activity of metals decreases 
from top to bottom. The non-metals on the bottom (having high 
positive .values—of-sta n da rd - r edu ction ^ ) ot^ tials) hav e th e 

The activity of non-metals increases from top to bottom. 

Applications of Electrochemical Series 

(i) Reactivity of metals; The activity of the metal depends 
on its tendency to lose electron or electrons, i. e. ,tendeiicy to form 
cafrdh^(ili^"^)7This ten^^^ depends on the magnitude of 
standard reduction potential. The metal which has high negative 
value (or smaller positive value) of standard reduction potential 
readily loses the electron or electrons and is converted into 
cation. Such a metal is said to be chemically active. 

The chemical reactivity of metals decreases from top to 
bottom is the series. The metal higher in the series is more active 
than the metal lower in the series. Forexample, 

(a) Alkali metals and alkaline earth metals having high 
negative values of standard reduction potentials are chemically 
active. These react with cold water and evolve hydrogen. These 
readily dissolve in acids forming corresponding salts and 
combine with those substances which accept electrons. 

(b) Metals like Fe, Pb, Sn, Ni, Co, etc., which lie a little down 
in the series do not react with cold_water but react with steam to 
evolve hydrogen. 

(c) Metals like Cu, Ag and Au which lie below hydrogen are 
less reactive and do not evolve hydrogen from water. 

(ii) Electropositive character of metals: The 
electropositive character also depends on the tendency to lose 
electron or electrons. Like reactivity, the electropositive character 
of metals decreases from top to bottom in the electrochemical 
series. On the basis of standard reduction potential values, metals 
are divided into three groups: 

(a) Strongly electropositive metals: Metals having 
standard reduction potential near about -2.0 volt or more 
negative like alkdi metals, alkaline earth metals are strongly 
electropositive in nature. 

(b) Moderately electropositive metals; Metals having 
values of reduction potentials between 0.0 and about-2.0 volt are 
moderately electropositive. Al, Zn, Fe, Ni, Co, etc., belong to this 
group. 


(c) Weakly electropositive metals: The metals which are 
below hydrogen and possess positive values of reduction 
potentials are weakly electropositive metals. Cu, Hg, Ag, etc., 
belong to this group. 

(iii) Displacement reactions: 

(a) To predict whether a given metal will displace another, 
from its salt solution: A metal higher in the series will displace 
the metal from its solution which is lower in the series, i. e. , the 
metal having low standard reduction potential wiU displace 
the metal from its salt’s solution which has higher value of 
standard reduction potentiaL A metal higher in the series has 
greater tendency to provide electrons to the cations of the metal 
to be precipitated. 

(b) Displacement of one non-metal from its salt solution 

by another non-metal: A non-metal higher in the series 
(towards bottom side), i.e., having high value of reduction 
potential will displace another non-metal with lower reduction 
potential,^. occupying position above in the series, the 
non-metals which possess high positive reduction potentials have 
the tendency to accept electrons readily. These electrons are 
provided by the ions of the non-metal having low value of 
reduction potential. Thus, CI 2 can displace bromine and iodine 
from bromides and iodides. 

- ----—.G12-+-2KI--... 

2r-> I 2 + 2e' (Oxidation) 

CI 2 +2e"->2Cr (Reduction) 

[The activity or electronegative character or oxidising nature 
of the non-metal increases as the value of reduction potential 
increasesj] 

(c) Displacement of hydrogen from dilute acids by 
metals: The metal which can provide electrons to H ions 
present in dilute acids for reduction, evolve hydrogen from 
dilute acids. 

Mn-> Mn + ne~ (Oxidation) 

2H ■" + le- -> H 2 (Reduction) 

The metal having negative values of reduction potential 
possess the property of losing electron or electrons. 

* Thus, the metals occupying top positions in the 
electrochemical series readUy liberate hydrogen from dilute 
acids and on descending in the series tendency to liberate 
hydrogen gas from dilute acids decreases. 

The metals which are below hydrogen in electrochemical 
series like Cu, Hg, Au, Pt, etc., do not evolve hydrogen from 
dilute acids. 

(d) Displacement of hydrogen from water: Iron and the 
metals above iron are capable of liberating hydrogen from water. 
The tendency decreases from top to bottom in electrochemical 
series. 

Alkali and alkaline earth metals liberate hydrogen from cold 
water but Mg, Zn and Fe liberate hydrogen from hot water or 
steam. 

(iv) Reducing power of metals: Reducing nature depends 
on the tendency of losing electron or electrons. More the negative 
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reduction potential, more Is the tendency to lose electron or 
electrons. Thus, reducing nature decreases from top to bottom 
in the electrochemical series. The power of the reducing agent 
increases as the standard reduction potential becomes more and 
more negative. 

Sodium is a stronger reducing agent than zinc and zinc is a 
stronger reducing agent than iron. 

Element Na Zn Fe 

Reduction potential -2.71 -0.76 -0.44 

-^ - > 

Reducing nature decreases 

Alkali and alkaline earth metals are strong reducing agents, 
(v) Oxidising nature of non-metals: Oxidising nature 
depends on the tendency, to accept electron or electrons. More the 
value of reduction potential, higher is the tendency to accept 
electron or electrons. Thus, oxidising nature increases from 
top to bottom in the electrochemical series. The strength of an 
oxidising agent increases as the value of reduction potential 
becomes more and more positive. 

Fj (Fluorine) is a stronger oxidant than GI 2 , Brj and 12 - 
Cl 2 (Chlorine) is a stronger oxidant than Br 2 and I 2 . 

Element 1 2 Br 2 Cl 2 F 2 

Reduction potential + 0.53 +1.06 +1.36 +2.85 

- — - > 

Oxidising nature increases 


Thus, in electrochemical series 

Top (Strongest reducing agent) 

Highest negative reduction potential g 


T3 

o 


or 


(Minimum reduction potential) 


-§ 


j Bottom (Strongest oxidising agent) | 

Highest positive value of reduction potential 
(vi) Thermal stability of metallic oxides: The thermal 
stability of the metal oxide depends on its electropositive nature. 
As the electropositivity decreases from top to bottom, the thermal 
stability of the oxide also decreases from top to bottom. The 
oxides of metals having high positive reduction potentials are not 
stable towards heat. The metals which come below copper form 
imstable oxides, i. e. , these are decomposed on heating. 


Heat 1 

Ag20->2Ag + -O 2 

Heat 

2HgO->2Hg + 02 


BaO 

Na20 

AI2O3 


Heat 

- > No decomposition 


(vii) Products of electrolysis: In case, two or more types of 
positive and negative ions are present in solution, during 
electrolysis certain ions are discharged or liberated at the 
electrodes in preference to others. In general, in such 
competition the ion which is stronger oxidising agent (high 
value of standard reduction potential) is discharged first at 
the cathode. The increasing order of deposition of few cations is; 


K-", Ca^^Na^, Mg^^, Al^^, Zn^^, Fe^;", H+, Cu^+, Ag+, Au^^ 

---—-^^---+ 

Increasing order of deposition 

Similarly, the anion which is stronger reducing agent (low value 
of standard reduction potential) is liberated first at the anode. 

The increasing order of discharge of few anions is: 

SO^, no; , 0H“ , Cr, Br“, I“ 

-^——-> 

Increasing qrder of discharge 

Thus, when an aqueous solution of NaCl containing Na^, 
Q“, H^ and OH” ions is electrolysed, H^ ions are discharged at 
cathode and Cl ” ions at the anode, i. e. , H 2 is liberated at cathode 
and chlorine at anode. 

When an aqueous solution of CUSO 4 containing Cu , 804 ”, 
H ^ and QH-~- 4 ons-is.£lectrolysed,-Cu ions-are-discharged at 

xathode-and-OH ~ ions aLthe-anode.__ 

Cu + 2e”- > Cu (Cathodic reaction) 

40H” - ^02 + 2 H 20 + 4e” (Anodic reaction) 


Cu is deposited on cathode while O 2 is liberated at anode, 
-(viii) Latimer- -diagram:-- -Redox-chemistry—of-an -element- 
can be understand by comparing the standard electrode potentials 
of the various oxidation states of the element. Latimer diagram 
showing relative stabilities of different oxidation states are given 
below: 


Acid Medium 


Fe- 


, 2+=-i-0.44V ,, 

—EfiLEstI->Fe^ ■ 




Alkaline Medium 


Fe- 


E 2+ 0.88 V ■54. 




In acid medium, the positive value of indicates that 

iron will dissolve in acid medium to form Fe^^ ion; since 
£°^ 2 +/Fg 3 + i® negative, henee +2 state of iron will be more state 


than +3 state in acid medium. 

When the potential on right of a species is more positive (less 
negative) than that on the left, then the species will tend to 
undergo disproportionation. 

Example : 

Alkaline Medium 


cr 


E _ =-1.35 V 

Cl /Cl 2 _ 


+ -C1, 


Cl2/C10~ 


=-0.4 V 


-+C10” 


Thus, Cl 2 will imdergo disproportionation into Cl and CIO 
ions in basic medium. 

CI 2 + 20H” -> cr + CIO” + H 2 O 

(ix) Corrosion of metals: Corrosion is defined as the 
deterioration of a substance because of its reaction with its 
environment. This is also defined as the process by which metals 
have the tendency to go back to their combined state, i.e., reverse 
of extraction of metals. 

Thus, the process of weathering away of the metal due to 
attack of the atmospheric gases on the surface of the metal 





806 


G.R.B. Physical Chemistry For Competitions 


resulting into the formation of compounds such as oxides, 
sulphates, sulphides, carbonates, etc., is called corrosion. 

The process of corrosion of iron is called rusting. Rust is 
chemically the hydrated oxide of iron having the formula 
Fe 203 •XH 2 O. Other examples of corrosion of metals are 
tarnishing of silver and those of copper and bronze etc. Corrosion 
of copper and bronze forms a green coating on the surface. The 
corrosion of metals, particularly iron, causes damage to 
buildings, dams, bridges, etc., and we lose a lot of money every 
year. 

Mechanism nf Corrosion : Corrosion is a redox process by 
which metals are oxidised by oxygen in presence of moisture. 
The mechanism can be imderstood by taking the example of 
rusting of iron. The theory of rusting is called electrochemical 
theory. In this theory the process of rusting can be explained on 

__iroxLohject.__ 

Rusting of iron involves the following steps : 

Step 1: The water vapours present in contact with iron surface 
have dissolved CO 2 and O 2 from air. 

K^m+co^ig)- — *n,co,(i) 

- Thus, the surface-of-iron-is-covered-with an aqueous solution 
of carbonic acid, which undergoes dissociation to a small extent. 

H 2 C 03 ^=^ 2 H^ tCOj" (Ionisation of carbonic acid) 
H 2 O + OH“ (Ionisation of water) 

Step 2 : Second step involves oxidation of iron. Oxidation of 
metal takes place at the point of strain. For example, a steel nail 
first corrodes at the tip and head. The tip of the nail acts as anode 
where iron is oxidised to ferrous ion. 

Fe(j)——>Fe^^ +2e~ (Anodic process, oxidation) ...(i) 

-0-44 volt) 

Step 3 : The electrons flow along the nail to the areas 
containing impurities which act as cathode where oxygen 
(dissolved in water) is reduced to hydroxyl ions. 

02(g)+2H20(/)+4e'—^40H" 

(Cathodic process, reduction) 
(£;^ = L23volt) 

The process of reduction involves the following two steps : 

First of all ions are reduced to hydrogen atoms. 

}t+e- —^[H] ...(ii) 

These hydrogen atoms combine with oxygen dissolved in 
water or from air. 


4[H] + O 2 - 

- 42 H 2 O 

...(iii) 

Combining (ii) and (iii), we get 



02+4H"'+4e- 

■4 2H20(/) 

...(iv) 



=123volt) 


Adding equations (i) and (iv), we get, the overall reactions of 
microcells established on the surface of iron. 

2Fe(s)+ O 2 (g)+ 4H^ (aq) ->2Fe^^ (a^)+ 2H20(/) 

(E;„ =167 volt) 


Step 4 : The ferrous ions (Fe^^) formed in the previous step 
reacts with dissolved oxygen or oxygen from air to form ferric 
oxide (Fe 203 ) 

4Fe^"^+02+4H20-> 2 Fe 203 + 8H"^(a^) 

Hydration of ferric oxide gives rust. ' 

Fe 203 +XH 2 O->Fe 203 JcH20 

The process of rusting may be diagrammatically represented 
as in Fig. 12.17. 

Water drop 



£. -e- 


Oxidation : Fe(s)- > (aq.) + 2 e 

Reduction : O2 + 4 H‘*^ (aq.) + 4 e“-> 2H2O (/) 

Atmospheric 4 Fe^‘*^ + O2 + 4H2O (/)-> 2Fe203 (s) + 8 H+(aq.) 

Oxidafipri FegOj + _ _ 

Ru^ 

Fig. 12.17 Rusting of iron 

Factors Affecting Corrosion 

1. Standard reduction potential : Lesser is the standard 
reduction potential, greater is the tendency of corrosion. In other 
words, more is the reactivity of metal, ^eater is the tendency of 
corrosion. 

2. Strains and corrosion : Corrosion of metals occurs more 
readily at points of strain, bend, nick and scratches. 

3. Impurity Of metai and corrosion : Presence of impurity in 
metals increases the probability of their corrosion. Pure metals, 
e.g., pure iron does not imdergo rusting. 

4. Salinity of water and corrosion : If water is saline, it helps 
in the flow of current in microelectrochemical cells on the surface 
of iron and hence, increases the process of corrosion. 

5. Pollution and corrosion : The acidic oxides likeC02, 
S02,N02 etc., present in air act as catalysts for corrosion. It 
should be noted that if iron is placed in vacuum, it does not 
undergo rusting. 

Prevention of Rusting : Prevention of rusting is not only 
important from the point of view of economy but also from the 
point of view of safety. Prevention of corrosion hot only saves 
money but also prevents accidents due to collapse of bridges and 
buildings. 

Some important methods for preventing corrosion are 
described below: 

1. Using antirust solution : Alkaline phosphate and alkaline 
chromate solutions are the commonly used antirust solutions. 
Alkaline phosphates tend to form an insoluble film of iron 
phosphate on the surface of iron, thereby protecting it from 
corrosion. In addition, the alkaline nature of an antirust solution 
decreases me availability of ions which facilitate the 
oxidation of Fe to Fe^^. These solutions are used to prevent 
rusting of radiators of cars and water coolers. 
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2. Barrier protection : It is one of the simplest methods of 
preventing corrosion. In this method a barrier or coating is 
applied to prevent the surface of the metallic object from come in 
contact with the atmosphere. This can be achieved by the 
following methods: 

(i) Oil paints on the surface of metal prevents its contact with 
moist air. 

(ii) By applying grease or oil on the surface of iron tools and 
other objects, rusting can be prevented. 

(iii) Nichrome (Ni + Cr) plating on the surface of iron also acts 
as a barrier between metal and atmosphere. 

(iv) Bisphenol is an important chemical which can be applied 
on the surface of the metal to avoid its corrosion. 

3. Sacriflcial protection : In this method, the surface of iron 
is coated with a more active metal than iron. This active metal 


is covered with such metals the corrosion of iron is prevented. If 
the surface m scratched or the coating is broken, even then the 
rusting of iron does not start. 

Zinc metal is the most stable metal to cover iron surfaces. The 
process of coating the iron surface by zinc is caUed 
galvahizatibh. Zinc metarpresentTOrthe surface~of iron forms a 
thin protective layer of basic zinc carbonate, i.e., 
ZnCOj •Zn{OH )2 due to the reaction between zinc, oxygen, CO 2 
and moisture in air. 

Zn+ 2c"->Zn(5); El = -0.76volt 

• Zn /Zn 

Fe^’^+2e~-^FeCs); '£^^ 2 +,^ =-0.44 volt 

Fe /Fe 

(Zinc will undergo oxidation in preference to iron.) 

Since, standard reduction potential of zinc is less than iron, 
hence, iron will not undergo corrosion (oxidation) even when the 
zinc coating is broken due to scratches or some other mechanical 
stress. 

Sometimes an iron surface is coated with tin metal and this 
process is known as tinning or tin plating. This method is not as 
effective as galvanization. 


,+ 

Fe^^/Fe 


-0.44 volt 


Sn (aq)+7e^ -> Sn(5); 2 + = -014 volt 

oD / Sn 

Fe^+ iaq)+2e- -) Fe(j); = -044 volt 

(Iron will undergo oxidation in preference to tin.) 

Tinning is effective in checking the msting of iron so long as 
the surface of iron is folly covered by tin. Once the tin coating is 
broken or scratched then rusting will start because standard 
reduction potential of iron is less than that of tin. 

4. Electrical or Cathodic protection : If a buried steel pipe is 
connected to an active metal, i.e., highly electropositive metal, 
say magnesium, a voltaic cell is formed; the active metal is the 
anode and iron becomes the cathode. Wet soil or moisture forms 
the electrolyte and the electrode reactions are : 


"Sn^+/Sn 


= -0.14 volt 


Mg(r)- 


iaq)+2e ; 


Ug^*IMg 


:-2.37 V 


02(g)+2H20(/)+4e- _^40H-(a^); 
OveraD: 2Mg(s)+02(g)+2H20(/) 

->2Mg2+ +40H’ 


El, = 1.23 V 


:3.60 V 


- Magnesium rod 


sr'ifru.r 




Mg-4Mg*'' 


Fig. 12.18 Cathodic protection of a buried steel pipe 

As the cathode, the iron containing steel pipe is protected from 
oxidation. Of course, the magnesium rod is eventually consumed 
and mu st be r ep lac ed^but this^is-cfaeaperthMi-diggiHg-u p - foe p ipe 
—liiKrThisime&od4sHUsedrtfrpreveattheTusti»g-0fsubmarines-and_ 
base line of oil refineries. 

(x) Extraction of metals: A more electropositive metal can 
displace a less electropositive metal from its salt’s solution. This 
principle is applied for the extraction of Ag and Au by cyanide 
process. Silver fro m the solution containing sodium argento 
cyanide, NaAg(CN) 2 , can be obtained by the adiitidn of zmc as 
it is more electropositive than Ag. 

2 NaAg(CN )2 + Zn- 5 . Na 2 Zn(CN )4 + 2 Ag 

Concept of Equilibrium in Electrochemical Cell 

In an electrochemical cell a reversible redox process takes 
place, eg, in Daniell cell: 

Zn (s) +00^“^ {aq .) F ’’ Zn iaq.)+ Cu (s) 

(1) At equilibrium mass action ratio becomes equal to 
equilibrium constant, 

(2) Oxidation potential of anode = - Reduction potential of 

cathode 

i. e., emf = Oxidation potential of anode 

+ Reduction potential of cathode 

= 0 

Cell is folly discharged. 

According to Nemst equation: 

„ 0.0591, 


log 10 2 at 25° C 


At equilibrium. 


0 = £°- 


= 0, Q = K 
0.0591, 


logic K 


K = antilog 


0.0591 


Work done by the Cell 

Let n faraday charge be taken out of a cell of emf E; then work 
done by the cell will be calculated as: 
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Work = Charge x Potential 
= nFE 


Case m: 


When 



< 0, then nFE < AH, i.e., process 


Work done by the cell is equal to decrease in free energy. 


inside the cell is exothermic. 


-AG = nFE 

Similarly, maximum obtainable work from the cell will be 
W^^=nFE° 

where, E° = standard emf or standard cell potential. 

-AG°=nFE° 


TIk R^attonship among K, AG° and E° Cell 



Fig. 12.19 


Heat of Rea^lon in an Etectiochemical Cell 

Let n faraday chaige flows out of a cell of emf E, 

Then -AG = nFE ... (i) 


Gibbs-Helmholtz ^nation from thermodynamics may be 
given as; 

'dAG'S 


AG=AH+T 


dT ) 


... (ii) 


From equations (i) and (ii), we get 
'd(-nFE) 


-nFE^AH + T 


Here, 


dT 

AH = -nFE + nFT 
^dE 


= AH-nFT 


dT 


f-1 

Temperature coefficient of cell 


Case I; When 


dT 


= 0, then AH = - nFE 


Case II: 


When 



> 0, then nFE > AH, i. e. , process 


inside the cell is endothermic. 


PRIMARY VOLTAIC CELL 
(TTie Dry Cell) 

In this cell, once the chemicals have been consumed, ftirther 
reaction is not possible. It cannot be regenerated by reversing the 
current flow through the cell using an external direct current 
source of electrical energy. The most common example of this 
type is dry cell. 

The container of the dry cell is made of zinc whicljalso serves 
as one of the electrodes. ITie other electrode is a carbon rod in the 
centre of the cell. The zinc container is lined with a porous paper. 
A moist mixture of ammonium chloride, manganese dioxide, zinc 
chlonde and a porous inert filler occupy the space between the 
paper lined zinc contamer and the carbon rod. The cell is sealed 
with a material like wax. 

As the cell operates, the zinc is oxidised to Zn^* 

Zn-> Zn^"^ + 2e" (Anode reaction) 

-The- eleetrons-are-utilized-^at- carbotr rod (cathode) as the~^ 
ammonium ions are reduced. 

2 NH 4 ^ + 2e~ - > 2 NH 3 + (Cathode reaction) 

The cell reaction is 

Zn + 2NH/-> Zn + 2 NH 3 + Hj 

Hydrogen is oxidised by Mn 02 ^ the cell. 

2 Mn 02 + Hj-> 2MnO(OH) 

Ammonia produced at cathode combines with zinc ions to 
form complex ion. 

Zn2*+4NH3->[Zn(NH 3 ) 4 ]^’" 

is 1.6 volt. 

Alkaline dry cell is similar to ordinary dry cell. It contains 
potassium hydroxide. The reactions in alkaline dry cell are; 

Zn + 20H"-> Zn(OH )2 + 2e~ (Anode reaction) 

. 2 Mn 02 + 2 H 2 O + 2e'-^ 2MnO(OH) + 20H- 

(Cathode reaction) 

Zn + 2 Mn 02 + 2 H 2 O-> Zn(OH )2 + 2MnO(OH) (Overall) 

is 1.5 volt. 

Button cell: The button cells arc. usually pallet type flat in 
construction and look like a button in shape. Owing to their small 
sizes, they are used in small electronic devices like hearing aids, 
electronic watches etc. These cells are basically primary cells. 
Mercuric oxide button cell is the most commonly used button 
cell. In this cell, zinc anode and mercuric oxide plus carbon paste 
cathode is used. The electrolyte is a paste of ZnO and KOH. 
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ZnO + KOH electrolyte 

Fig. 12.20 

The cell process is given below : 
Anode: Zn +20H-- 

(Amalgan) 

Cathode: Hg 0 (j)+H 20 + 2 e“ — 


^ Anode (negative); 
(Zn powder + 

Hg) amalgam 

- Cell can 
-Separator 


Overall: 


Zn -l-HgO{j)- 

Amal^m 


>ZnO( 5 )-f H 2 O+ 2€ 

.Hg(/)+20H- 
• ZnO(s)-tHg(/) 


Nickel-Cadmium storage cell: It is also a common storage 
battery. It is more expensive than the lead storage battery but it is 
light, therefore, used in calculators, portable power tools, etc. 

It is a voltaic cell consisting of an anode of cadmium and a 
cathode of hydrated nickel oxide on nickel. The electrolyte in the 
cell is aqueous solution of potassium hydroxide. Electrode 
processes are given below : 

Anode: Cd(j)+ 20H' (a?)->Cd(OH )2 -t 2e“ 

Cathode: Ni02(5')+2H20(/)-l-2e"->Ni(OH )2 + 20H^ 

Cd(5)-t-Ni02 is)+m20(l) ->Cd(OH )2 -t Ni(OH )2 

In the recharging of the cell the process is reversed. 

Cd(OH)2 +Ni(OH)2->Cd(5)-t-NiO2(s)-H2H2O(0 


involve any ion whose concentration can change during the 
process. 

SECONDARY VOLTAIC CELL 
(L ead Storag e Ba tt ery) 

The cell in which original reactants are regenerated by passing 
direct current from external source, i. e., it is recharged, is called 
secondary cell. Lead storage battery is the example of this type. 

It consists of a group of lead plates bearing compressed 
spongy lead, alternating with a group of lead plates bearing lead 
dioxide, Pb 02 . These plates are immersed in a solution of about 
30% H 2 SO 4 . When the cell discharges, it operates as a voltaic 
cell. The spongy lead is oxidised to Pb^^ ions and lead plates 
acquire a negative charge. 

Pb- > Pb^'*' + 2e“ (Anode reaction) 

Pb^"^ ions combine with sulphate ions to form insoluble lead 
sulphate, PbS 04 , which begins to coat lead electrode. 

Pb^"^ + -> PbS 04 (Precipitation) 


The electrons are utilised at PbO, electrode. 


PbOj -t- 4H-" + 2e-- 

Pb^-^ + SO|" — 
Overall cell reaction is: 


► Pb^'^ + 2 H 2 O (Cathode reaction) 

► PbS 04 (Precipitation) 


Pb + PbOj + 4H ■" + 2S05“-> 2PbS04 + 2 H 2 O 

^ceii is 2.041 volt. 

When a potential slightly greater than the potential of battery 
is applied, the battery can be recharged. ' 

2PbS04 + 2 H 2 O-> Pb -t Pb02 + 2 H 2 SO 4 

After many repeated charge-discharge cycles, some of the lead 
sulphate falls to the bottom of the container, the sulphuric acid 
concentration remains low and the battery cannot be recharged 
fully. 


converted into electrical energy. The main disadvantage of a 
primary cell is that it can deliver current for a short period only. 
This is due to the fact that the quantity of oxidising agent and 
reducing agent is limited. But the energy can be obtained 
indefinitely from a fiiel cell as long as the outside suppl y of fuel is 
riiaiiitafite^ One ofIhe^eximp hydrogen-oxygen fiiel 

cell. The cell consists of three compartments separated by a 
porous electrode. Hydrogen gas is introduced into one 
compartment and oxygen g^ is fed into another compartment. 
These g^es then dif&se slowly through the electrodes and react 
with an electrolyte that is in the central compartment. The 
electrodes are made of porous carbon and the electrolyte is a resin 
containing concentrated aqueous sodium hydroxide solution. 
Hydrogen is oxidised at anode and oxygen is reduced at cathode. 
The overall cell reaction produces water. The reactions which 
occur are: 

Anode [H 2 (g) + 20H- (aq.) -> 2 H 20 (/) - 1 - 2e- ] x 2 

Cathode 02 (g) + 2 H 20 (I) + 4e"-> 40H" (a<?.) ;. . 

Overall 2H.(j?) + 0,(e)-> 2H,0(7) 


Anode [H 2 (g) + 20H- (aq.) -> 2 H 20 (/) - 1 - 2e- ] x 2 

Cathode 02 (g) + 2 H 20 (I) + 4e"-> 40H" (a<?.) ;. . 

Overall 2 H 2 (g) + 02 (g) -> 2 H 20 ( 7 ) 

This type of cells are used in space-crafts. Fuel cells are 
efficient and pollution free. 

Thermodynamic efficiency of fuel cells is the ratio of tiie 
electrical free energy to the enthalpy of the reaction. 

AG 

Ti =- 

• k TT 


CONCENTRATION CELLS 

If two plates of the same metal are dipped separately into two 
solutions of the same electrolyte and are connected with a salt 
bridge, the whole arrangement is foxmd to act as a galvanic cell. 
In general, there are two types of concentration cells: 

(i) Electrode concentration cells: In these cells, the 
potential difference is developed between two like electrodes at 
different concentrations dipped in the same solution of the 
electrolyte. For example, two hydrogen electrodes at different 
gas pressures in the same solution of hydrogen ions constitute a 
cell of this type. 
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Pt, H 2 (Pressure p{) (Pressure Pa) 

— H - 


Anode" 


Cathode 


log 


[H 


-I Cathode 


If Pi> P 2 , oxidation occurs at LHS electrode and reduction 
occurs at RHS electrode. 

i;^„=525illog<l!lat25-C 

2 ‘(ft) 

In the amalgam cells, two amalgams of the same metal at two 
different concentrations are immersed in the same electrolytic 
solution. 

M(HgC,)|M'’*|Zn(HgC2) 

The emf of the cell is given by the expression 

•^ceH 


10 “'’ 

ro 1 

JCathode 


10 ’ 


0.118 

0.0591 




^log^at25°C 
« C 2 




[H^]caa,ode=10-®xl0'=10-''M 

Example 44. The emf of the cell 

Ag I Agl in 0.05 M KI | Sol. NH^NO^ 10.05 M AgNO^ | Ag 

is 0.788 volt at 25° C. The activity coefficient of KI and silver 
nitrate in the above solution is 0.90 each. Calculate (i) the 
solubility product of Agl and (ii) the solubility of Agl in pure 
water at 25° C. 

Solution; Ag^ ion concentration on AgN 03 side 


electrodes are identical but these are immersed in solutions of the 


= 0.9 X 0.05 = 0.045 M 


same electrolyte of different concentrations. The somce of 
electrical energy in the cell is the tendency of the electrolyte to 
diffiise from a solution of higher concentration to that of lower 
concentration. With the expiry of time, the two concentrations 
tend to become equal. Thus, at the start the emf of the cell is 
maximum and it gradually falls to zero. Such a cell is represented 
in the following manner: 

(C 2 is greater than Cj). 


Similarly I ~ ion concentration in 0.05 M KI solution 
= 0.05 X 0.9= 0.045 M 

log =0.0591 log- 

“ 1 lAgn.,.. I 


or 


log 


[AgM 

0.045 


LHS 


[Ag^JtHS. 


0.788 


or 


Zn|Zn^^(Ci) l 

Anode 


Zn^^(C 2 )|Zn 

Cathode 


[Ag^LHS 00591 

[Ag-l O'”’ 


= 13.33 


LHS 


The emf of the cellis given hy the following expression: 


0.0591 


•'cell 


log 


■-a (RHS) 
■'[ (LHS) 


at25‘='C 


The concentration cells are used to determine the solubility of 
sparingly soluble salts, valency of the cation of the electrolyte 
and transition point of the two allotropic forms of a metal used as 
electrodes, etc. 


• • •••( 


IMSome Solved ExamplesV ;:: 


‘' Example 43. A cell contains two hydrogen electrodes. The 
negative electrode is in contact with a solution of 10"^ M 
hydrogen ions. The emf of the cell is 0.118 volt at 25° C. Calculate 
the concentration of hydrogen ions at the positive electrode. 

Solution: The cell may be represented as 

PtlH 2 (latm)l IIH-" I (1 atm)l Pt 


10 "^ Af CM 


E. 


Anode 

(-ve) 

-> 2 H^ -i- 2 e 
0.0591 


Cathode 

(+ve) 

IH* + 2e- 




2.138x10'^ 

= 2.105 xlO'^^M 

Solubility product of Agl = [Ag'^ ][I“ ] 

= 2.105x10"'^ X 0.045 
= 9.472x10“” 

Solubility of Agl = ^/Solubility product of Agl 
= ^9.472x10“” 

= 9.732x10“® gmolL“‘ 

= 9.732x10“® x 143.5 gL“‘ 

= 1.396x10“® gL-' 

Example 45. The observed emf of the cell, 

Pt\H 2 {\atm)\H^Q^\Qr^ H 2 {latm)\Pt 

is 0.154K. Calculate the value of Mj and pH of cathodic 
solution. 


cel! 


log 


[H * ] Cathode 
[ 10 “®]^ 


Solution: 


E^eii = 0.0591 log • 


M. 


0.118 = (0.0591) log 


[H^] 

10-6 


or 


log 


M, 


3x10“ 


0.154 

0.0591 


3x10“ 


^ 2.6058 
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3x10' 


: 4.034x10^ 


M, =4.034x10^ X 3x10"^ M 

= 0.121M 

pH = - log [H^ ] = - log 0.121 = 0.917 
46. Calculate the emf of the following cell at 

25°C: 


PtH2\HCl\H2Pt 

2 atm \6atm 


Solution: 


^c«ll 


0.0591, 


= 4.2426x10"^ M 

£,eu = 0.0591 log = 0.0591 log 

[H^Ilhs 0.9407x 10-^ 

= - 0.0204 volt 

' ' ' Example 49. During the discharge of a lead storage 
battery, density of 7^2 *^^4 1.294 to 1.139 g/mL. 

Sulphuric acid of density 1.294 is 39%H2SO^ by weight and that 
of density 1.139g/7wi- is 20% 772^^4 weight. The battery holds 
3.5 litre of the acid and volume remains practically constant 
during discharge. Calculate ampere-hour of which the battery 
must have been used. The chargihg and discharging reactions 


log — 


Pb + SO^- 


>PbSO^+2e- 


(charging) 


= - 0.0206 volt 

i^*ample47. In a fuel cell H 2 and O 2 react to produce 
electricity. In the process H 2 gas is oxidised at the anode and O 2 
is reduce d at t he cathode. If 612 litre ofH 2 atNTP reacp in 15 
minute, what is the average current produced? If the entire 
current is usedfor electro-deposition of Cu from Cu^*, how many 
g of Cu are deposited? 

Solution: Reaction at anode of fuel cell, 

Hjfg)->2H^+ 2e“ 

Imde Tmolc 

22.4 L 2F 

r /.TT j 2x96500 , , 

67.2 L of H, correspond =-x 67.2 coulomb 

22.4 

Time = 15 x 60 second 
^ 2 x 96500 x 67.2 

Average current =-= 643.3 amp 

22.4x15x60 

-. . . ... 2 X 96500 . 

Mass of copper deposited by —— x 67.2 coulomb 


2 x 96500 x 67.2 


2x96500 


= 190.5 g 

■ ^llianiple 48. Neglecting the liquid-liquid junction 
potential, calculate the emf of the following cell at 25° C .■ 

^ 2(1 «<»«)10-5 A/ HCOOH HIM CH^COOH | (1 atm) Tfj 

for HCOOH and CH^COOH are 1.77 x 10"^ and 1.8 x 10'^ 
respectively. 

Solution: [H+ ] in HCOOH = JCxK„ = Jo 5x 1.77x 10“^ 


[H+JinCHjCOOH^ 


0.9407x10”^ M 


Solution: 

Weight of solution before discharge = 3500 x 1.294 

= 4529g 

Weight of H 2 S 04 before“discharge =^^^^ x 4529- 

= 1766.31 g 

Weight of solution after discharge = 3500 x 1.139 

= 3986.5g 
20 

Weight of H 2 SO 4 after discharge = x 3986.5, 

. =797.3g 

Loss in mass of H 2 SO 4 during discharge 

= 1766.31-797.3 = 969.0 Ig 
Now from first law of electrolysis, 

_ 2 X £ 


969.01 = 


96500 

gx98 

96500 


Ampere - hour 


2 = 954178.21 coulomb 
Coulomb 954178.21 


= 265.04 ampere-hour 


'xA:„ =V1x 1.8x10' 


12.28 COMMERCIAL PRODUCTION OF 
CHEMICALS 

The wide applications of electrolysis have been listed in section 
12.4 of this chapter. A large number of chemicals are produced by 
electrolysis. A few of these are-described below: 

1. Manufacture of sodium 

Sodium is obtained on large scale by two pocesses: 
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(i) Castner’s process: In'this process, electrolysis of fused 
sodium hydroxide is carried out at 330°C using iron as cathode 
and nickel as anode. 

2NaOH^ 2Na+ + 20H" 

At cathode: 2Na’'' + 2e-> 2Na 

At anode: 40H“-> 2 H 2 O + O 2 + 4e 

During electrolysis, oxygen and water are produced. Water 
formed at the anode gets partly evaporated and is partly broken 
down and hydrogen is discharged at cathode. 

At cathode: 2H^ + 2e- > 2H- ¥ 1" 

(ii) Down’s process: Now-a-days sodium metal is 
manufactured by this process. It involves the electrolysis of fiised 
sodium chloride containing calcium chloride and potassium 
fluoride using iron as cathode and graphite as anode at about 

^6W°riFig. 12.21). 

NaCl^=^Na* + Cl" 


At Cathode: 
At anode: 


Na-" +e- 


Chldriine'^-i: 

Inlet for Dome- 
fresh salt, 


-»Cl2 +2e 

"Fused~NaCT+ ... 

CaCl2 + KF 

Insulation Kerosene oil 


Fig. 12.21 Down’s cell for extraction of sodium 

The electrolysis of pure NaCl presents the following 
difficulties: 

(a) The fusion temperature of NaCl is high, i. e., 803®C. At 
this temperature both sodium and chlorine are corrosive. 

(b) Sodium forms a metallic fog at this temperature. 

To remove above difficulties, the fiision temperature is 
reduced to 600°C by adding CaCl 2 and KF. This is a cheaper 
method and chlorine is obtained as a byproduct. The sodium 
obtained is of high purity (about 99.5%). 

2. Sodium hydroxide (Caustic soda), NaOH 

Caustic soda is manufactured by the electrolysis of aqueous 
solution of sodium chloride in an electrolytic cell. 

Principle: A sodium chloride solution contains Na^, 

Cr and OH" ions. 

NaCl^=^:Na-" +C^ 

H,0^=^H■'+OH" 


On passing electricity, Na"^ and ions move towards 
cathode and Cl" and OH" ions move towards anode. The 
discharge potential of H"^ ions is less than Na'^ ions, thus 
hydrogen ions get discharged easily and hydrogen is liberated. 
Similarly, at anode Cl" ions are easily discharged as their 
discharge potential is less than that of OH" ions. CI 2 gas is, 
therefore, liberated at anode. 

The solution on electrolysis becomes richer in Na”^ and OH" 
ions. 

Since, chlorine reacts with sodium hydroxide solution even in 
fee cold forming sodium chloride and sodium hypochlorite, it is 
necessary that chlorine should not come in contact with sodium 
hydroxide during electrolysis. 


2NaOH + Cl, 


.NaCl + NaC10 + H20 


To overcome this problem, the anode is se parated from the , 
cathode in the electrolytic cell either by using a porous 
diaphragm or by using a mercury cathode. 

(i) Porous diaphragm process (Nelson . cell 
process): Nelson cell consists of a perforated steel tube lined 
inside with asbestos. The tube acts as a cathode (Fig. 12,22). 


Graphite anode 



Fresh brine 


Asbestos 

lining 


Perforated 

cathode 


Steam 


NaOH solution 

Fig. 12.22 Nelson cell 


It is suspended in a steel tank. A graphite rod dipped in sodium 
chloride solution serves as anode. On passing electric current, 
chlorine is liberated at the anode and let out through the outlet. 
Sodium ions penetrate through the asbestos and reach the cathode 
where hydrogen and OH" ions are formed by reduction of water. 
Sodium ions combine with OH" ions to form NaOH which is 
collected in fee outer tank while hydrogen is drawn off through 
the outlet. The steam blown during the process keeps the 
electrolyte warm and helps to keep perforation clear. 


NaCl#=^Na+ +C1" 
At cathode: 2 H 2 O + 2e ^ H 2 + 20H" 

Na-" + OH" ^=iNaOH 


(in solution) 
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At anode: 2C1 ->Cl2+2e 

The solution containing NaOH and NaCl as impurity is taken 
out and evaporated to dryness. 

(ii) Castner-Kellner cell: This is the common cell in which 
mercury is used as cathode. The advantage of using Hg as a 
cathode is that the discharge potential of Na^ ions is less than 
that of ions. Na^ ions get discharged on mercury and the 
sodium so deposited combines with mercury to- form sodium 
amalgam. The cell consists of a large rectangular trough divided 
into three compartments by slate partitions which do not touch 
the bottom of the cell but dipping in mercury as shown in the 
Fig. 12.23. 


Dilute NaOH solution 

Iron cathode 


partition 



' Eccentric wheel Groove 

Fig. 12.23 Castner-Kellner cell 


The mercury can flow from one compartment into other but 
the solution kept in one compartment cannot flow into other. 
Sodium chloride solution is placed in the two outer compartments 
and a dilute solution of sodium hydroxide in flie inner 
compartment. Two graphite electrodes which act as anodes are 
fixed in the outer compartments and a series of iron rods fitted in 
the inner compartment acts as cathode. Mercury in the outer 
compartments acts as cathode while in the inner compartment it 
acts as anode by induction. The cell is kept rocking with the help 
of an eccentric wheel. 

When electricity is circulated, sodium chloride in the outer 
compartments is electrolysed. Chlorine is evolved at the graphite 
anode while Na^ ions are discharged at the Hg cathode. The 
liberated sodium forms amalgam with mercury. 



NaCl^ 

=^Na* +Cr 

At anode: 

2cr - 

-^2Cl + 2e- 

At cathode: 

Na'* +e — 

—>Na 


Na + Hg - 

—> Amalgam 


The sodium amalgam thus formed comes in the inner 
compartment due to rocking. Here, the sodium amalgam acts as 
the anode and iron rods acts as cathode. 


At anode: Na- amalgam- > Na + Hg + e 

At cathode: 2H20 + 2e->H 2 t + 20H~ 

The concentrated solution of sodium hydroxide (about 20%) 
is taken out from the inner compartment and evaporated to 
dryness to get solid NaOH. 

(iii) KeUner-Solvay cell: This is the modified cell. This cell 
has no compartments. The flowing mercury as shown in Fig. 
12.24 acts as cathode. A number of graphite rods dipping in 
sodium chloride solution act as anode. A constant level of sodiutp 
chloride solution is maintained in the cell. On electrolysis 
chlorine gas is liberated and Na^ ions are discharged at cathode 
(mercury). Sodium discharged dissolves in Hg and forms 
amalgam. This amalgam flows out in a vessel containing water. 

Sodium hydroxide is formed with evolution of hydrogen. 

+ 



Fig. 12.24 Kellner-Solvay cell 

Preparation of pure sodium hydroxide: Commercial 
Sodium hydroxide is purified with the help of alcohol. Sodium 
hydroxide dissolves in alcohol while impurities like NaCl, 
Na 2 C 03 , Na 2 S 04 , etc., remain insoluble. The alcoholic filtrate 
is distilled. The alcohol distills off while pure solid sodium 
hydroxide is left behind. 

3. Manufacture of aluminium 

Alu min ium is manufactured from pure bauxite ore by 
electrolysis. The bauxite ore usually contains impurities such as 
iron oxide, silica, etc. These impurities are first removed by the 
application of the following methods in order to get pure 
alumina, i. e ., pure bauxite ore: 

(a) Hall’s process; (b) Baeyer’s process; (c) Serpcck’s 
process. 

Electrolytic reduction of pure alumina: The electrolysis 
of pure alumina faces two difficulties: (i) Pure alumina is a bad 
conductor of electricity and (ii) The fusion temperature of pme 
alumina is about 2000°C and at this temperature when the 
electrolysis is carried of the firsed mass, the metal formed 
vapourises as the boiling point of aluminium is 1800°C. 

The above difficulties are overcome by using a mixture 
containing alumina, cryolite (Na 3 AlFg) and fluorspar (CaF 2 ) in 
the ratio of 20 : 60 : 20. The fusion temperature of te mixture is 
900°C and it is a good conductor of electricity. 

The electrolysis is carried out in an iron box lined inside with 
gas carbon which acts as cathode. The anode consists of carbon 
rods which dip in the fused mixture of the electrolyte from above. 
The fused electrolyte is covered with a layer of coke (Fig. 12.25). 


I 

8 

•>: 


i 
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Frozen crust of alumina and 
electrolyte 


Electric 

insulation 


Carbon Copper 
anode damp 


-Dynamo 

—.Control 
lamp 


IzBEfl Molten electrolyte [fzBiiiiilSrpnt 




Carbon lining 

Fig. 12.25 


. Molten 
aluminium 


The current passed through the cell serves two purposes: 
(i) Heating of the electrolyte: The temperature of the cell is 
automatically maintained at 900 - 950°C. (ii) Electrolysis: On 
passing^niTeht, alunimumls^discharged at cathode. Aluminium 
~being heavier than the electrolyte sinks to the bolloSffmd is 
tapped out periodically from a tapping hole. Oxygen is liberated 
at anode. It attacks the carbon rods forming CO and COj. The 
process is continuous. When the concentration of the electrolyte 
decreases, the resistance of the cell increases. This is indicated by 
the g l owing o f a larap^placed in p aralle l. At thi s stage more of 
alumina is added. 

The exact mechanism of the electrolysis is not yet known. 
Two concepts have been proposed. 

First concept: AlFj from cryolite ionises as: 

A1F3^A1^+ +3F“ 

ions are discharged at cathode and F “ ions at anode. 


Al^+ +3e- 


> A1 (at cathode) 

> Fj + 2 e(at anode) 


The liberated fluorine reacts with alumina to form AIF 3 and 
O 2 . The oxygen attacks the carbon anodes to form CO and COj. 


AI2O3 +3F2 


2 C + 0 , 


. 2AIF3 + 1 02 


C + O2-> CO2 

Anodes are replaced frequently. 

Second concept: Alumina (AI2O3) ionises as: 

AI2O3 A 1 ^* + AlO^" 

Cathode Anode 


Al^ +3e-> A1 (at cathode) 

At anode AIO 3 is oxidised. 

4 A 103 ~-» 2 Al 203 + 3 O 2 + 12e (at anode) 

Thus, the overall chemical reaction taking place during 
electrolysis is, 

2 AI 2 O 3 —^4A1 + 302 

Aluminium of 99.8% purity is obtained from this process. 
Refining of aluminium by Hoope’s electrolytic method: 
Aluminium is further purified by Hoope’s process. The 


electrolytic cell consists of an iron box lined inside with carbon. 
The cell consists of three layers which differ in specific gravities. 
The upper layer is of pure aluminium which acts as cathode. The 
middle layer consists of a mixture of the fluorides of Al, Ba and 
Na. The lowest layer consists of impure aluminium which acts as 
anode. The middle layer works as electrolyte. 


Pure 

aluminium 

cathode..^ 


Tapping- 

hole 

Iron cell- 

Cu.AI, Si — 
alloy anode 


Graphite rods aid 
copper clamps 


Insulator 

/ .Impure 
/ / aluminium 


-NaF + AIFa 
+ BaFa 
(electrolyte) 

-Carbon 

“lininl 


Fig. 12.26 


The graphite rods are dipped in pure aluminium and Cu-Al 
alloy rods at the bottom of impure aluminium work as 
conductor s. On e lectroly sis, al uminium i s deposite d at the 
cathode from the middle layer and an equivalent amount of 
aluminium is taken up by the middle layer from the bottom layer 
(impure aluminium). Therefore, aluminiiun is transferred from 
bottom to the top layer through middle layer while impurities are 
left behind. Aluminium thus obtained is 99.98%. 

4. Isolation of fluorine 

Fluorine presented many difficulties in its isolation. It 
remained a difficult problem in chemistry for many years and 
after a hard labour of many chemists for about 75 years it could 
be isolated finally by Moissan in 1886. The reasons for its late 
discovery were its high reactivity and non-conducting nature 
of hydrofluoric acid. Fluorine attacked the material of the 
vessels used for its isolation. Carbon vessel was attacked with 
formation of CF 4 and platinum vessel was reduced to chocolate 
powder. The vessels of other metals were also affected. Platinum 
and carbon could not be used as electrodes. Another difficulty 
experienced was that when the electrolysis of aqueous 
hydrofluoric acid was carried out, hydrogen and oxygen (ozone) 
were obtained and when anhydrous hydrofluoric acid was tried it 
was found to be a bad conductor of electricity. 

Moissan finally solved the problem and isolated fluorine by 
the electrolysis of anhydrous hydrofluoric acid in the presence of 
potassium hydrogen fluoride using Pt-Ir alloy vessel at -23°C. 
The electrodes used were also of Pt-Ir alloy. 

Modern methods of isolation: In modem methods, 
fluorine is prepared by electrolysis of a fused fluoride (usually 
potassium %drogen fluoride, KHF 2 ). The electrolytic cells are 
made of copper, nickel or monel metal. The anode is generally of 
graphite and the fluorine set free contains some carbon 
tetrafluoride. 
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Reactions in the electrolytic cell 


KHF, 


-> KF + HF 


K-" +F^ 


Cathode 
K'^ + e-^K 
K + HF-^KF+H 
2H-+H, 


Anode 
F“ —> F + e 
2F->F, 


The following precautions should be taken in the preparation 
of fluorine: 

(i) The electrolyte must be completely dry. In presence of 
moisture, the evolved fluorine reacts with moisture to form Oj 
andO^ 


(il^rThe parts 
fluorine must be free from oil and grease. 

(iii) The vessel in which fluorine is collected should also be 
absolutely dry. 

(iv) The gas must be made free from HF before storing by 
passing througlLSodiumiluoride .(NaF),.^otherwise HF will attack 
the vessel. 

Note: HF is more corrosive and reactive than fluorine. 

Dennis method: The electrolytic cell used in this method 
consists of a V-shaped copper tube (5 cm in diameter) fitted with 
copper caps. Graphite electrodes through these caps are sealed 
and insulated in the tube by bakelite cement which is not affected 
by fluorine. The cell is covered with an insulating layer of 
asbestos cement over which is wound a resistance wire for 
electrical heating. The tube is thickly lagged to prevent the loss of 
heat. 

The electrolyte consists of fiised potassium hydrogen fluoride 
which has already been dried for 48 hours at 130°C. The 
electrolyte is kept in fiised state by electrical heating externally. 
For electrolysis, a current of 5 ampere and 12 volt is used. On 
electrolysis fluorine is liberated at anode. To make the liberated 
fluorine free from HF vapours, it is passed through copper 
U-tubes containing sodium fluoride. 


NaF + HF- 


-^NaHF, 



The following difficulty is experienced in this method: 

in the electrolyte. There are, thus, chances of mixing of andFj 
which may result in explosion. To avoid this, a modified 
apparatus has been devised by Whytlaw-Gray. 

Whytlaw-Gray method: It consists of a copper cell wound 
with resistance wire for electrical heating. The pure graphite 
anode is enclosed in a copper cylinder which isperforated at the 
bottom (Fig. 12.28). The electrolysis of fiised KHF 2 is carried out 
in this cell. The escape of fluorine is fast enou^ and thus no 
frothing in the electrolyte occurs. There are no chances of mixing 
of H 2 and Fj in this cell. 
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ISCELLANEOUS NUMERICAL EXIM^PLE 



, ‘ Example 1. Anodic oxidation of ammonium hydrogen 
sulphate produces ammonium persulphate. 

NH^HSO^ -> NH^SO^ +H* 

INH^SO^ - — >{NH^)2S20g +2e~ {Anodic oxidation) 
2H ^ + 2e~ — -^H 2 {Cathodic reduction) 
hydrolysis of ammonium persulphate forms H 2 O 2 . 

{NH^ )2 520g + 2 H 2 O -> INH^HSO^ + ifjOj 

Current efficiency in electrolytic process is 60%. Calculate the 
amount of current required to produce 85 g of H 2 O 2 per hour. 
Hydrolysis reaction shows I00%yield. 

Solution; Given, __ 

(NHJ,S,08+H, 0 ->2NH^HS0/+H>.0, _ 

228g 34g 

V 34 gH 202 is produced by 228 g(NH 4 ) 2 S 20 g 

85 gH 202 will be produced by-x 85g(NH4)2S2C)8 

24 


Equivalent mass of (NH 4)2 S 20 g may be calculated using the 
following reaction: 


2 NH 4 SO; 


.(NH4)2S20^+2e 


17 ■ 1 * f/xTTT ^ o Mol.mass 228 

Equivalentmass of (NH 4)2 S20g =-=-= 114 

2 2 

From first law of electrolysis, 


96500 

x 3600x114 
96500 

/ = 134,0277 ampere ' 

Given that, current efficiency is 60%, the actual amount of 
current 

100 ® 

= — X 134.0277 
60 

= 223.379 ampere 

_ .Example!. In a zinc manganese dioxide dry cell, the 
anode is made up of zinc and cathode of a carbon rod surrounded 
by a mixture of Mn02, carbon, NH^Cl and ZnCl 2 aqueous 
base. 

The cathodic reaction may be represented as: 


2 Mn 02 (s) + +2e 


► ZnMn20^ (s) 


Solution: When Mn 02 will be used up in cathodic process, 
the dry cell will stop to produce current. 

Cathodic process: 


2Mn02(s) + Zn^'" +2e' 


Equivalent mass of Mn 02 


+ 3 

->ZnMn 204 

Molecular mass 


Change in oxidation state 

= ^ = 87 
1 


From first law of electrolysis. 


„_ 4xl0~^ xtx87 
96500 

t = 2218390.8 second 


2218390.8 

3600x24 


= 25.675 day 


3. Ten gram of a fairly concentrated solution of 
cupric sulphate is electrolysed using 0.01 faraday of electricity. 
Calculate: 

(0 The mass of the resulting solution; 

(ii) The number of equivalents of acid or alkali in the 
solution. 

Solution: Electrode process during electrolysis of aqueous 
CUSO 4 may be given as: 

Cu^"^ +2e~-»Cu (Cathode) 


20H- ^ H 2 O + O 2 + 2e- (Anode) 

Mass of copper deposited at cathode by 0.01 faraday charge 
= 0.01x31.75 
= 0.3175 g 

(Here, 31.75 is the equivalent mass of Cu .) 
Mass of oxygen evolved by O.Ol faraday charge 

= 0 . 01 x 8 = 0,08g 

Total weight loss from solution = 0,3175 + 0.08 = 0.3975 g 
Mass of resulting solution = 10 - 03975 
= 9.6025 g 

After deposition of Cu^^ and OH“ ions at the respective 
electrodes, H 2 SO 4 will prevail in the solution. 0.01 faraday of 
electricity will result in 0.01 equivalent of acid. 

gS'SEIrample 4. A current of 40 microampere is passed 


through silver nitrate solution for 16 minutes using platinum 
Let there be % g Mn02 in the cathodic compartment. How electrodes. 50% of the cathode is occupied by a single atom thick 


many days will the dry cell continue to give a current o/4 x 10 ^ 
ampere? 


silver layer. Calculate the total surface area of the cathode if one 
silver atom occupies 5.5 x 10~*® cm^ surface area. 
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Solution: Mass of silver deposited may be calculated 
according to Faraday’s first law of electrolysis. 

W = -J^ 

96500 

_ 40xl0~^ X 60x16x108 
A 96500 ~ 

= 42.976x 10“® g 
* Total number of deposited ‘Ag’ atoms 


42.976x10" 


X 6.023x 10^^ 


W _ 1.34x10"^ 
d 1.05 xlO'^ 


: 1.277 X 10"^ cm^ 


: 1.277 X 10"* m^ 


Surface area of pin = Inrh 

= 2x3.14x0.2x2 
= 2.512cm^ 

Surface area may be treated as that of a rectangle of length ‘h’ 
and breadth 2nr. Let the thickness of the coating be ‘d’ cm. Then 

Volume of the occupied metal = 2.512 x d cm^ ... (ii) 

From aquations (i) and (ii), we get 

1.277x10"^ = 2.512 xd 

d = 0.5083 X10"^ cm 

= 5.083 X 10"® metre 


The specific conductivity of a saturated 
solution of silver chloride is 2.30 x 10"® mho cm"*, at 25° C. 
Calculate the solubility of silver chloride at 25° C if + = 61.9 
mho cm^ moland = 76.3 mho cm^ mol "’. 

Solution: Let the solubility of AgCl be s gram mole per litre 

1000 


Dilution 


= 2.3967x10* atoms 

Surface occupied by deposited silver 

^—=-numbet«t^ilvei^atoins-X-area-OGCupied-by-a-single.atom- 

—^23967inro*^"x-5;5ino~‘®-— -— 

= 131.818cm^ 

Since, deposited silver occupies 50% of total area of Cathode, 
hence. 

Total surface area of cathode = 2x131.818 

= 263.636cm^ 

i j filESainple 5. A pin of 2 cm length and 0.4 cm diameter was 
placed in AgNO^ solution through which a 0.2 ampere current 
was passedforlOminute to deposit silver on the pin. The pin was 
used by a surgeon in lachrymal duct operation. The density of 
silver and electrochemical equivalent are 1.05 X 10'* kg m“* and 
l.llSx 10“® kg/coulomb respectively. What is: the thickness of 
silver deposited on the pin? Assume that the tip of the- pin 
contains negligible mass of silver? 

Sohitlrin: From Faraday’s first law, 

W = Zlt 

= 1.118x10"® x0.2x 10x60= 1.34x10"^ kg 


= + ^cr 

= 61.9+76.3 
= 138.2 mho cm^ mol"* 


Sp. conductivity x dilution = A^gci =138.2 

-^30x-t0"®-x^2i£^=-158:2- 


2.30x10" 


: 1.66 X 10 ^ mol per litre 


= 1.66x10"® x 143.5 gL"* 

■ ^ =2.382x10"® gL"*..:_ _. ___ 

Hillfciainple 7. Resistance of a solution (A) is 50 ohm and 
that of solution 0) is lOOohm, both solutions being taken in the 
same conductivity cell. If equal volumes of solutions (A) and (5) 
are mixed, what will be the resistance of the mixture, using the 
same cell? Assume that there is no increase in the degree of 
dissociation of (A) and 0) on mixing. 

Solution: Let us suppose Kj and Kj are the specific 

conductances of solutions ‘A’ and ‘B’ respectively and cell 
constant is ‘ f. We know that. 

Specific conductance = Conductance x Cell constant 
For(d), Ki =— X y 


. For(S), 


:-X y 

100 


When equal volumes of (d)and 0) are mixed, the volume 
becomes double. Then, 

Specific conductance of mixture = 

2 

K, + K, 1 " 

— -= = — X V 

2 R 

i\y y ] 1 

2[50 lOOj R 

1 y 1 _ 1 

100 200 R 

^ = 200 /3 = 66.66 ohm . 

Ekaniple 8 . A big irregular shaped vessel contained water, 
specific conductance of which was 2.56 xl0~® mho cm"*. 500 g 
of NaCl was then added to the water and the specific 
conductance after the addition of NaCl was found to be 
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3.1x10^^ mho cmT^. Find the capacity of the vessel if it was fully 
filled with water. (A“ NaCl- 149.9 o/im”' cm^ 

Solution: Let us suppose the volume of vessel is V mL 
Volume containing 1 equivalent 
_ Volume 

Mass / equivalent mass 
V _ V 
500/58.5 ” 8.547 
Specific conductance of NaCl 

= Specific conductance of NaCl solution 

- Specific conductance of water 
= 3.1x10“® -2.56x10"® 

= 0.54 X 10“® mho cm“* 


TY = K X volume containing 1 equivalent of electrolyte 
Tor very dilute solution, when the big vessel is fully fillea 

^Naci =149.9ohra“* cra^ eq“* 


Thus, from eq. (i), 

...149.9= 0.54.x.10:®..x.:.:=L^-...^,. , .. 

8.547 

L= 237258.38 L 

./Example 9. A 0.05 A solution of a salt occupying a volume 

between two platinum electrodes separated by a distance of 1.72 
cm and having an area of A.5 err? has a resistance of 250 ohm. 
Calculate the equivalent conductance of the solution. 

Solution: 


Specific conductance = conductance x cell constant 
K = CX- 


= 1 i- 

~ R A 
1 ^^ 1.72 
250 4.5 

= 1.5288 X 10“^ ohm“' cm“‘ 


= KX 


1000 

N 


= 1.5288x 10'® X 


1000 

0.05 


= 30.56 ohm ' cm® eq * 

Example 10. At 18° C, the mobilities of NH^ and CIO^ 
ions are 6.6 x lO'"* and 5.7 x lO'"* cm® vo//“’ sec“' at infinite 
dilution. Calculate the equivalent conductance of ammonium 
chlorate solution. 

Solution: Amh nn =A,” + +X°“ 

NH 4 CIO 4 '''CIO 4 


iU 


NHl 




= (6.6x10“'^ +5.7xl0“^)x 96500 

= 118.69ohra~* cm® eq"' 

Example 11. For the cell reaction, 

Mg\Mg^^{aq.)\\Ag^{aq.)\Ag 

calculate the equilibrium constant at 25° C and maximum work 
that can be obtained by operating the cell. 

2+ / = “ 2.37 volt and E° +, ^ = + 0.80 volt 

Mg ^ I Mg ‘ig I Ag 

Solution: = 0.80+ 2.37= 3.17 volt 


log 


_ «^cdl 

0.0591 


2x3.17 

J]UQ59-L 


107:2758' 


8:^ = 1.89x10‘“® 
-AG = maximum work 


= nF£'° = 2x96500x3.17 
= 6118101 


v r-.Example 12, Zinc granules are added in excess to 500 mL 
of \.0Mnickel nitrate solution at 25°C until the equilibrium is 
reached. If the standard reduction potentials of Zn^* IZn and 
N?'*' /Ni are -0.75 and —0.24 volt respectively, find out the 
concentration ofN?* ions in solution at equilibrium. (IIT 1991) 
Solution: The reaction to be considered is, 

Zn(s) + Ni®-" {aq.) Zn ®+ {aq.) + Ni(5) 

The cell involving this reaction would be, 

Zn(s) I Zn®'"(a^.) 11 Ni®-" (aq.) | Miis) 

Cii =-0-24+ 0.75 =0.51 volt 


log 


nFE° 
2.303 RT 


nE° 

0.0591 


2x0.51 

0.0591 


17.25 


So, =1.78x10'® 


Let X be the concentration of Ni®'*' that have been reduced to 
nickel at equilibrium. 

Zn (s) + Ni®'- {aq.) Zn ®''' {aq .) + Ni(^ ) 

(1.0-x) X 


= 


[Zn®''] 

[Ni®"] 


—^ = 1.78x10'® 
(1-x) 


x=1.0M 

So, (l-x)=[Ni®"'] =-i:2__^ = 5.6x iO''* M 

1.78x10'® 


Example 13. The standard reduction potential of 
Cu^^ ICu and Ag* ! Ag electrodes are 0.337 and 0.799 volt 
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respectively. Construct a galvanic cell using these electrodes so 
that its standard emf is positive. For what concentration of Ag'^ 
will the emf of the cell at 25° C be zero if concentration of Cu is 

0.01 M? (ilT 1990) 

Solution: Given,i?° 2 +,^ =0.337voltandi:° =0.799 

’ Cu‘^+/Cu Ag+/Ag 

volt. The standard emf will be positive if Cu / Cu is anode and 

Ag"^ / Ag is cathode. The ceO can be represented as: 

Cu|Cu'^ II Ag^ |Ag 
The cell reaction is, 

Cu+2Ag'^-^Cu^-" +2Ag 

•^eeii = Oxid. potential of anode + Red. potential of cathode 
= -0.3 37+0.799 _ __ _ _-. 


^-Q+ldS^velt- 


Applying the Nemst equation, 


^ o 0.0591 [Cu^"] 

ceu ^-11 2 ®[Ag^f 


When; 


■'cell 


^cell 


0.0591, [Cu^-"] 


log 


+ i 2 


[Ag^ 


[Cu^^] 0.462x2 


or 


log 


[Ag-" f 0.0591 

4.3102X10*^ 


^ 15.6345 


[Ag"f 


[Ag 


"b t 2 


0.01 


4.3102x10 


15 


,-17 


= 0.2320 X 10 
= 2.320x10"’® . 

[Ag'" ] = 1.523 X10"® M 

Example 14. The standard reduction potential for the 
half- cell having reaction, 

no; (aq. )+2H^ {aq .) + e" :-> NO^ (g) + /fjO 

is 0.78 volt. 

(i) Calculate the reduction potential in 8 M . 

(«) What will be the reduction potential of the half-cell in a 
neutral solution? 

Assume all other species to be at unit concentration, V. .i) 

Solution: (i) Applying the formula, 

fred +-^^10g[H"f 

n 

0.0591, „2 

= 0.78 +-^— log 8^ 

2 

= 0.78 + 0.0591x3x0.3010 
= 0.833 volt 


(ii) 


= 0.78+®^ log (10-^)^ 

[For neutral solution [H "■ ] = 10"’ M ] 
= 0.78-0.0591x7 
= 0.367 volt 

Example 15. The emf of a cell corresponding to the 
reaction, 

Zn+IH^ (aq. )-> Zn^^ (0.1M) + //j (g) 1 atm 

is 0.28 volt at 25°C. Write the half-cell reactions and calculate 
the pH of the solution at the hydrogen electrode. 


Zi?-*IZn ' ... 


= ~ 0.16 volt and E°. 

Solutioli: ’ =0.76 volt 


.JtP-plyiPgJitemst equatioiv- 




[H 


+ i 2 


log- 


0.28=0.76-i^lcgi^ 

.. .. 2 . . . . 

0.1 2x0.48 


[H^]^ 0.0591 


log 0.1-log =16,2436 


[Since, - log [H+] = pH] 


2 pH = 16.2436-log 0.1 

pH = 12 :?^ = 8.6218 
2 

Example 16. Calculate the solubility product constant of 
Agl from the following values of standard electrode potentials. 

^°igNAg =0.80vo/t and E°i,^g,,^g =-0.15 volt at 25°C. 

Solution: Solubility product of Agl = [Ag”^ ][I" ] 

[Note: See chapter 10 for solubility product.] 

Two half reactions for the cell are: 

Ag-> Ag + e" Anode (Oxidation) 

Agl + e" ->Ag+F Cathode (Reduction) 


Cell reaction Agl-^Ag"^ +1" 

Applying Nemst equation, 

0.0591 [Ag^][r 

^cen-^cei, ^ 10„ 

At equilibrium, = 0 and [Agl] = 1 

E" 


So, log [Ag"][!-]: 


^cell 


0,0591 


^ccli 


-0.80-0.15=-0.95 volt 
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iog[Ag^][r]-- 


0.95 

0.0591 


= -16.0744 


Solubility product of Agl = 8.4 x 10 


Eiampje 17. The standard reduction potential of Ag* ! Ag 
electrode at 29%K is 0.799 volt. Given for Agl, = 8.7 x 10“*^, 
evaluate the potential of the Ag^! Ag electrode in a saturated 
solution of Agl. Also calculate the standard reduction potential of 
the 1'^'! Agl I Ag electrode. (IIT 1994) 

Solution: In the saturated solution of Agl, the half-cell 
reactions are; 

Agl + e“->Ag+I” Cathode (Reduction) 

Ag->Ag'^+e" Anode (Oxidation) 


Cefrreactfon-AgI“-=rAg^-Fi:"'- 

+0.0591 log [Ag^ 
[Ag" ][r ] = /:,p(Agi) = [Ag" ]' = [I- 
So, [Ag"f =8.7x10'’^ 

■ [Ag"] = V8.7xl0"‘^ =9.3x10-^ 


Substituting the value of +, and [Ag" ] in the above 

Ag’^/Ag “ 

equation. 

E = 0.799-0.05911og (9.3x10“^) 

Ag /Ag 

= 0.324 volt 
0.0591 log if^pfAgl) 

= 0'.05911og(8.7xl0"‘^) 

= - 0.95 volt 

= Oxid. pot. of anode + Red. pot. of cathode 
Red. pot. of cathode E°_ = - 0.95 - (-0.799) 

^ I /Agl/Ag 

= -0.95-I-0.799 
= -O.lSlvolt 

Example 18. Calculate the pH of the following half-cells 
solutions: 


(a) PtH 2 (latm)\H^ (HCiy, 

{b) PtHj{\atm)\H* {H^SO ^); 

Solution; (a) -> 2H " + 2e 

0.0591. 


E = 0.25 volt 
E = 0.3 volt 


' + l 2 - 


H 2 /H+ 


--E" 


H 2 /H* 


: 0.0 - 0.0591 log 




[H 


0.25 = 0.0591 pH 
0.25 


pH = 


0.0591 


4.23 


(b) 


H 2 /H+ H 2 /H'^ 


0.0591, [H"]^ 


= 0.0-0.0591 log ^5^ 


0.3 = 0.0591 pH 



0.3 

0.0591 


5.076 


-(■Example 19. The emf of the cells obtained by combining 
zinc and copper electrodes of the Daniell cell with calomel 


Etectrd3eslireTJ5WSlldIrdnd^lSJlWvdtrrespeclively~ari5°~C7]f^ 



find the emf of the Daniell cell. 


Solution: For the cell Zn electrode 11 Calomel electrode 


Eceu = Oxid. pot. of Zn electrode + Red. pot. of calomel electrode 
So, oxid. pot. of Zn electrode = 1.083 - 0.28 = 0.803 volt 

For tihe cell. 


Cu electrode 11 Calomel electrode 

^ceu = Oxid. pot. of Cu electrode + Red. pot. of calomel electrode 
So, oxid. pot. of Cu electrode = -0.018-0.28 = - 0.298 volt 

For the Daniell cell. 


Zn electrode 11 Cu electrode 

Eceii = Oxid. pot. of Zn electrode + Red. pot. of copper electrode 
= 0.803-1-0.298= 1.101 volt 

Example 20. The Edison storage cell is represented as: 
Fe{s)\ FeO{s)\KOH{aq. )| HijOz i.s)\Ni{,s) 

The half-cell reactions are: 

Ni20^{s) + H20il)-¥le~ -—-^WiO{,s)+'20H~-, 

E°=-+ii.mvoit 

Fe0{s) + H20{l)y2e~ - >Fe(s)+'20H~\ 

. ' E° = -mivoit 

(a) What is the cell reaction? 

(b) What is the emf of the cell? How does it depend on the 
concentration of KOH? 

(c) What is the maximum amount of energy that can be 

obtained from one mole of M 2 O 3 ? (1 IT 1994) 

Solution: Actual half reactions are; 


Fe-i-20H -—> FeO-i-H20-(-2e Anode (Oxidation) 

^* 2^3 + II 2 O + 2e“- > 2NiO-i- 20H“ Cathode (Reduction) 

Thus, the cell reaction is: 

(a) Fe -I- Ni 203 -> FeO -t- 2NiO 


(b) ficell 


= E 


O 

cell 


0.0591 


log 


[NiO]2[FeO] ,,0 

“■ iC f^ll 

mmhOj] 
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[NiOJlFeO] , 

[Since,-= 1 as all are solids] 

[FeJtNi^Oj] 

= 0.87 +0.40= 1.27 volt 

The emf of the cell is independent ofKOH concentration. 

(c) Maximum amount of electrical energy 


= 2 x 96500 x 1.27 
= 245.1 IkJ 


Example 21. The normal oxidation potential of zinc 
r^erred to the standard hydrogen electrode is 0.76 volt and that 
of copper is - 0.34 volt at 25° C. When excess ofzinc is added to a 
solution of copper sulphate, the zinc displaces copper till 


^hr^Hons-at equUtbrium ?— 
Solution: The reaction is, 
Zn + CUSO 4 — 
Zn + Cu^^ — 


" c -' 


+ Cu + ZnS 04 
+ Cu + Zn 

.0.0591, [Zn^+J. 

-log-^ 

2 [Cu 2 +] 


At equilibrium, 


0.0591,. [Zn^-^l 

-log--— 

2 [Cu'+j 


[Zn"^] _ 2x£^,i 

[Cu^+] 0.0591 


2 x 1.10 

0.0591 


0.76+0.34 = 1.10 volt) 


= 37.225 


[Zi^ 


1.679x10-’' :1 


Example 22. An excess of liquid mercury is added to an 
acidified solution o/l.Ox 10“^ M Fe^^. It is found that 5% of 

Fe^^ remains at equilibrium at 25°C. Calculate 


assuming that the only reaction that occurs is 


2Hg + 2Fe^ 


>Hgf+2Fe^ 


(Given. 


Solution: 


am volt). 


(IIT 1995) 


n-F° 0.0591 [Hgr][Fe^n^ 

O - E ..-—106 


0.0591, 


10 ^^ X 95 I [ 10 ~^ X 95 
2x100 100 


10 “^ X 5 


Hg/Hgf 


■ 0.77 + ^ log 

2 25x2 

-{0.77+0.0226) 

-0.7926 volt 


Hgf/Hg 

^^^'ixample 23. Prove that for two half reactions having 
potentials £, and E 2 which are combined to yield a third half 
reaction, having a potential £ 3 , 

. .___ 

^ «3 

Solution: AGj = AG| + AG 2 

-njFfj =-«,F£', -«2^E2 

or njFj = «,F, +« 2£2 

_ , C- +H2£2 


,+ .Example 24. What is the standard potential of the I Tl 
electrode? 

j’/ 3 + 4. 2g--3 £-0 ,, £ 26 vo/t 

Tr +e~ -> Tl; E° = - 0.336 volt 


Solution': 

Tl^+ + 2 e" 


TF + e" 


>TF; «F£° = 2xl.26xF = 2.52F 
>T1; nFF° = lx(-0.336)xF = -0.336F 


Adding 


TF^ +3e- 


•Tl: F°: 


2.52F-0.336F _ 2.184 
nF 3 


= 0.728 volt 

Example 25. Calculate the minimum mass of NaOH 
required to be added in RHS to consume all the H * present in 
RHS of the cell of emf + 0.701 vo/t at 25° C before its use. Also 
report the emf of the cell after addition of NaOH. 


2Hg + 2Fe'’ 


At equilibrium, excess 
At equilibrium, F,,g„ = 


+ 2 Fe^ 


10 ~^ X 5 . 10 ~^ x 95 10 ~^ X 95 

100 2x100 TOO 


Z«| Zn^^ II HCl I PtiH^g); El 2^ =0.160V 
0.1 M I litre- \atm ' 


Solution: The cell reaction is, 
Zn + 2H -) 


-Zn^-" +H 2 
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0.0591, 


^0.059 Hog 


3.3x10” 


0.2 


-10 


■ lo 


[H"f 


0.701=0.760- 


0.0591, [Zn 
—T^log 


2 +- 


[H+f 


So, log 


[Zn 


2 + ■ 


or 


[H 

[Zn 


+ -,2 


24 ■ 


[H"]' 


0.0591x2 

0.0591 


4l0^ 


T+ t2 


0.1 

10 ^ 


HO” 


0.001 2.8x10” 

= -0.0371 volt 

The cell potential is negative; therefore, the cell reaction is 
non-spontaneous. For spontaneous reaction emf should be 
positive. Therefore, the correct cell reaction is 

Ag|AgBr;KBr|lKCl, AgCl jAg 
Anode Cathode 

Example 27. The following electrochemical cell has been 
set-up, 

Pt(\) I Fe^^ , Fe'^^ {a = \)\\Ce'^^ ,Ce (a = l)Pt(2) 

E°(Fe^^ lFe^*) = 0Jl V; E° (Ce"^* ICe^^ )=1.61V ' 

If an ammeter is connected between the two platinum electrodes, 
predict the direction offlow of current. Will the current increase 
Trr decrease with lime? ” ^ ^ ^ (IIT 2000) 


Thus, 0.0316 mol/litre of NaOH is required to neutralise H ^ 
ions. 

Mass of NaOH = 0.0316 x Mol. mass of NaOH 
= 0,0316 x 40= 1,264 g 

-After addition of NaOH; the solutiombecomes' neutral, tel , the ' 
concentration of H ions in cathodic solution becomes 10”^. 
Applying again Nemst equation, 

0.0591. 


electrode to lower reduction potential electrode, i.e ., from Pt(2) 
electrode to Pt(l) electrode. 

0.61-0.77=0.84 volt 


“'cell 


Example 28, Copper sulphate s olution (250 mL) was_ 


^cell 


^cell 


log 


[Zn^'*'] 

[Vtf 


r, 0.0591, 

= 0.760-log 


0,1 


electrcdysed using a platinum anode and a copper cathode. A 
constant current of 2 mA was passed for \b minutes. It was found 
that after electrolysis the absorbance of the. solution was reduced 
to 50% of its original value. Calculate the concentration of 
copper sulphate in the solution to begin with. (ill 2000 } 

Solution: Number of faraday passed through the aqueous 
solution of CuSO. 


(10”^ f 


: 0.3759 volt 


Ixt ( 2 x 10 ”^ )x 16x60 


96500 


96500 


Example 26. For the galvanic cell, 

Ag 1 AgClis),KCl(0.2M)\\KBr (0.001 M), AgBiis)\ Ag 

Calculate the emf generated and assign correct polarity to each 
electrode for the .spontaneous process after taking into account 
the cell reaction at 25° C. 


Thus, number of equivalents of CuSO 
electrolysis from 1 litre solution 


1.98x10“^ 

involved in 


^^-5 


Given, 

Solution: 


^2.8x10' 


■10. 


^spAgBr - 3.3 X 10 


(ilT 1992) 


Ecdi -^Oxid. pot. LHS electrode ^Red. pot. RHS electrode 


Oxid. pot. Ag/Ag'*' 


■0.059Hog [Ag^]LHS+^ 

-t 0.0591 log (Ag"]RHs 


Red. pot. Ag /Ag 

4 - 


= 4x1.98x10”" =7.92x10 

Since, after electrolysis, the absorbance reduces to 50% hence, 
initial number of equivalents of CUSO 4 per litre 

= 2x7.92x10”^ 

= 1.584 x 10”'* 

or Normality of CUSO 4 solution = 1.584 x 10”'' N. 

Example 29. A silver electrode is immersed in saturated 
Ag 2 SOs,(aq.). The potential difference between silver and the 
standard hydrogen electrode is four'' *g be 0.711 V. Determine 


: 0.059 Hog 


[Ag^l 


RHS 


[Ag 

K 


[Since, E 


LHS 
spAgRr 


Ag/Ag 


+e: = 0 ] 

Ag /Ag 


Ksp{Ag 2 SO, ). (Given, = 0.799F) 

Solution: The cell may be represented as: 

Pt(H 2 1 atm) 1H ^ (1M) 11 Ag^(salt) I Kg(s) 


(IIT 2000) 


= 0,0591 log 


[Br” 


■^sp AgCl 


E. 


cell 


Ag'^/Ag 


H ■"/ H 2 


[cr 


= 0 . 799 - 0 = 0.799 V 
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Given, emf of the cell = 0.711V 

H2+2Ag''->2Ag + 2H'' 

[Ag]"[H"f _ 1 ^x 1 ^ _ 1 

^ [H 2 ][Ag"f lx[Ag"]^ [Ag^f 

Applying Nemst equation, 

„ „„ 0.0591, ^ 

E = E° -logio Q 

n ' 

or 0.711= 0.799-^^^ log 10 - 

[Ag^] = 0.03243 mol 

^ sol —. 

-—-fW)S243-^0:0T6215- 

^sp = [Ag^ ]^[S05" ] = (0.03243)^ x (0.016215) = 1.705 x 10 

Example 30. Calculate the equilibrium constant for the 
reaction. 


Example 32. The standard potential of the following cell 
is 0.23 y at 15°C and 0.21 Fat 25°C 

PtH^ (g ) 1 HCl{aq .) ] | AgCl{s) [ ^gC^) 

(i) Write cell reaction. 

(a) Calculate AH° and AS° for the cell reaction by assuming 
that these quantities remain unchanged in the range 15°C to 
35°C. 

{Hi) Calculate the solubility of AgCl in water at 25°C. Given 
the standard reduction potential of the Ag * ! Ag couple is 0.80 
voliat25°C. (11X2001) 

Solution: (i) Electrode process; 

IHz—^H-'+ e- (Anode) 


A gCl + e 


>Ae + Cl (Cathode) 


Fe^+ + ^^Ce^* +Fe 


5+ _i_ 


IHj + AgCl + Ag + cr 

(ii) We know that, AG° = Ai/°-FAS'’ , 
-22195 = AH° -288xAS“ 
-20265= AH-°-^30Sk-&S°- 




:1.44 Vand El 




liST (July) 1997) 


Solution: 


„o _ 0.059 , „ 

^cell j ^ c 


■^cell -^Fe2+/Fe5+ '^Ce‘'+/Ce’+ 

= -0.68+1.44 = 0.76 V 

logio =-^ = 12.8814 
0.059 

=7.6x10'^ 

Example 31. Find the solubility product of a saturated 
solution of Ag 2 CrO^ in water at 298 K if the emf of the cell 

Ag I Ag'^ (satd. Ag 2 Cr 04 soln. ) \\Ag^ (0.1 M)\Ag 

is 0.\6A Vat 2m K. (IIT1998) 


Solution: 


1 [Ag^LHS 

. 0.164 = ^ log . - . 

^ [Ag’*' Ilhs 

[AgnLHS=l- 66 xlO-"M 

[CrO^] = l:^ | — 

i^sp(Ag 2 CrO,)=[Ag"]"[CrOr] 

= ,1.66X10-)^^^^ 


= 2.287x10”*^ mol^ 


On solving, AS° = - 96.5 J,,A77° = 49.987kJ 


0.0591 


logio Q 


At equilibrium, £ = 0, g = = [Ag][Cl' 


0 0591 

0 = (0.8 - 0.22) + log 


(-0.8+0.22) 


0.0591 


Solubility, 


=1.47x10’' 

s = JkZ 


''° = 1.21xlO“^M 


Example 33. Two students use same stock solution of 
ZnSO^^ and a solution , of CuSO^. The emf of one cell is 0.03 F 
higher than that of other. The concentration of CuSO,^ in the cell 
with higher emf value is 0.5 M. Find out the concentration of 


CuSOa in the other cell. 


2.303 Fr 


= 0.06 


(MX 2003) 


Solution: Student 1. 

Zn(s) I ZnS 04 (C, )l I 0.5 M CUSO 4 I Cu( 5 ) 

„ „„ 0.06, C, 

2 0.5 

Student 11. Znfs) 1 ZnS 04 (Ci) I! CUSO 4 (Cj) I Cuf^) 


E2-E^ 


0.06, C, 

-log — 

2 “C 2 


„ „ 0.06 , Cl , Cl 

£•] - £2 = — log - log T7 
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0.03: 


0.06 


1 

l=:lOg; 


log 

0.5 


^0.5^ 
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\^2J 


C2.= 0.05M 

Example 34, Find the equilibrium constant for the 
reaction, 


In^* +Cu^* 


In 


3 + 


Given: 




=0.15F;£l2. 




/k" //n* 

+ = - 0.42 volt 


+ Cm at 2m K 
0.4 volt 


(HT 2004) 

Solution: The given reversible reaction can be obtained as. 


Cu^-" 

4* e — 

-+CU*; AG‘’ = -0.15F vAG'’ = - 





In* — 

-+In^* + 2e-; A<7° = - 0.84F 

Cu’* +In’* 

—^In’* + Cu*; AG‘’--0.59F 



-nFE° = -0.59F 


£'’ = 0.59 volt 

Equilibrium constant can be calculated as, 
nE'> 


K = antilog 
= antilog 


0.059 

1x0.59 


10 ' 


,10 


L 0.059 J, 

Example 35. In which direction can the reaction, 


2Hg{l)+2Ag*(aq.) 


2Ag{s) + Hgf (aq.) 


proceed spontaneously at the following concentrations of the 
ions participating in the reactions (i) and (ii) ? 

(i ) ^ ] = lO"^ mol r ‘ and [Hgl* ] = 10 '* mol iT* 


(ii) [,4g^]=10‘‘ moir' and[Hg 
0.79 F: E 


2 + 1 
2 : 


Given: E„ 2 +jrr 

Hgf IHg 


Solution: (i) Q- 


10 '^ mol r 
= 0.80 V 


Ag ! Ag 

[CBSE (Mains) Dledical 20061 


[Hgf] 


10 


-1 


[Ag 


+ i 2 


P0-4]2 


10 ' 


E° = E 


Ag*/Ag 


Hg|+/Hg 


E = E° 


0.80-0.79 = 0.01 V 
0.059, 


n 


logg 


= 0 . 01 log 10 ’ 
2 

= -(Li965V"" 


Negative value shows that the reaction will proceed from right 
to left, i. e ., in backward direction. 

-*-4 


(ii) 


[Hgri 


10 “ 


[Ag 


+ t 2 


[10 ’'f. 


10 


1-2 


n = 2 

£° = 0.01 volt 


0 059 

=£°-^iog,oe 


= 0 . 01 - 


0.059 


log ,0 10 


= 0.01 +0.059 V 
= 0.069 V 

Since, the value of cell potential is positive, the reaction will 
proceed spontaneously in forward direction. 


Summary and Important Points to Remember 


1. Electrochemistry is a branch of physical chemistry 
which deals with the relationship between chemical energy and 
electrical energy arid how one can be converted into another. The 
subject is divided into two categories: (i) use of electrical energy 
to produce chemical changes (electrolysis) and (ii) conversion of 
chemical energy into electrical energy (production of electricity 
by spontaneous redox reactions). 

2. Conductors are the substances which allow the passage 
of electric current through them. Those which do not allow the 
flow of electric current through them are called insulators. 
Conductors are of two types; 

(a) MetaUic or electronic conductors are those which 
remain unchanged as current flows through them. These 
conductors transfer electric cunrent by transfer of electrons 
without transfer of matter. Metals such as Cu, Ag, Al, Pt, etc., 


non- metals like carbon (graphite) and various alloys belong to 
this class. 

(b) Electrolytic conductors are the conductors like aqueous 
solutions of acids, bases and salts or substance in molten state 
which allow the flow of electric current with chemical 
decomposition. These conductora are termed as electrolytes. The 
substances whose aqueous solutions do not conduct electric 
current are called non-electrolytes. 

To pass the ciurent through an electrolytic conductor, two 
metallic rods or plates are required. These are termed electrodes. 
The electrode which is connected with the positive terminal of 
battery or through which electric current enters the solution is 
termed anode and the electrode which is connected with negative 
terminal of battery or through which electric current leaves the 
solution is termed cathode. Actually the anode is the electrode 
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where oxidation occurs and the cathode is the electrode where 
reduction takes place. 

3. Electrdlysis is the process of cheinical decomposition of 
an electrolyte by passage of electric current through its aqueous 
solution or molten state. Molecules of the electrolyte when 
dissolved in water split up into cations and anions. On passing 
electric current these ions move towards their respective 
electrodes. On reaching electrodes these ions lose their charge 
either by losing or accepting electrons and thereby deposited at 
the respective electrodes or undergo a secondary change. The 
device in which electrolysis is carried out is known as 
electrolytic cell. 

4. Preferential discharge theory: If more than one type 
of ion is: attracted towards a particular electrode, then the ion 
discharged is the one which requires least energy. 

The decreasing order of the discharge potential or the 
increasing o r de r of de p osi t ion for t he ca t ions and anions is as 

follows: ---^- 

Cations : K '".Na'", Ca^^, Al^-", H Cu^^, Ag^, Au^. 

Anions ; SO^. NOa. OH-, Cr, Br", r. 

5. Faraday’s laws of electrolysis: These present the 
relationship between the quantity of electric charge and the 
amount of the substance deposited at the electrode! t hese were 
given by Faraday in 1834, 

(i) First law: When an electric current is passed through an 
electrolyte, the amount of substance deposited is proportional to 
the quantity of electric charge which flows through the 
electrolytfe. 


= 1.6x 10 coulomb 
1 coulomb = 6.24 X lO’* electrons 
Charge on one mole of electrons 

= 6.02x10^^ X 1.6 xl0‘‘® 

= 96500 coulomb 

Applications of electrolysis: (i) Determination of 
equivalent masses of elements (ii) Electrometallurgy 
(iii) Manufacture of non-metals (iv) Electroplating of metal 
(v) Manufacture of compoimds (vi) Electroplating—The process 
of coating an inferior metal with a superior metal by electrolysis. 

6 . Arrhenius theory of electrolytic dissociation: It was 
put forward by Arrhenius in 1884 to explain the properties of 
electrolytic solutions. The main points of the theory are: 

— (i) An e l e ctrolyt e , wh e n dissolv e d in wat e r, br e aks up into 
two types of charged particles called ion s . The ion carrying 
positive charge is called cation and the ion carrying negative 
charge is called anion. 

AB V A ^ (cation) + 5 ' (anion) 

(ii) The process of splitting of the molecules of the electrolyte 
jnto-ion&isicaUed-ionisation.-Ihe-fi:action-of-the-total-nmnber of 
molecules present in solution as ions is known as degree of 
ionisation. 

It is denoted by ‘a’. _ 

Number of molecules dissociated into ions 

a =- 

Total number of molecules dissolved 


Matheiriatically, 


or 


WocQ 

W=ZQ=ZxIxt 


where, Z is a constant, known as electrochemical equivalent, / is 
the ciurent in amperes and t is the time in seconds. When Q= \ 
coulomb or oiie ampere of current is passed for 1 second, W = Z. 
Z is thus the mass of the substance deposited by one coulomb. 

(ii) Second law: When the same quantity of current is 
passed through different electrolytes, the masses of different 
substances deposited on the electrodes will be in the ratio of their 
equivalent ihasses. For exathple, if samp quantity of current is 
passed through copper sulphate and silver nitrate solutions, then 
Mass Of copper deposited _ Equivalent mass of copper 
Mass of silver deposited Equivalent mass of silver 

One grain equivalent of any substance is deposited by passing 
same amount of charge, i.e., 96500 coulomb (1 faraday). 


or . 


£ = 2x96500 



96500 


The charge carried by an ion 


nF 

6.02x10^^ 


coulomb 


When, n = 1, 

The fundamental unit of charge =-— 

6.02x10^^ 


96500 

6.02x10“ 


The degree of ionisation depends upon: (a) Nature of solute 
(b) Nature of solvent (c) Dilution and temperature. 

(iii) Ions present in solution constantly reunite to form neutral 
molecules; thus, there is a state of dynamic equilibrium between 
ionised and unionised molecules. 


AB^^A'^ +B~ 


[AB] 


= K (ionisation constant) 


(iv) The ions are discharged always in equivalent amounts 
when current is passed through electrolytic solution no matter 
what their relative speeds are. 

(v) The electrolytic solution is always neutral in nature as the 
total charge on cations is equal to the total charge on anions. 
However, it is not necessary that the number of cations and 
anions should be always equal. 

(vi) The properties of electrolytes in solution are the 
properties of ions present in the solution. 

(vii) The ions act as molecules for colligative properties. 

(viii) The conductivity of the solution depends on the nature 

and munber of ions. 

Evidences in favour of Arrhenius theory: (i) Ohm’s law 
applicability: No part of the current is used in splitting up the 
molecules into ions, (ii) X-ray studies have shown that ions are 
present in solid electrolytes. The ionic compounds in molten state 
behave as good conductors, (iii) Ionic reactions are observed in 
the case of electrolytes, (iv) Constant value of heat of 
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neutralisation, (v) Abnormal colligative properties in the case of 
electrolytes, (vi) Colour of compounds in solution, (vii) This 
theory explains satisfactorily various phenomena such as 
electrolysis, conductivity, salt hydrolysis, etc. 

7. Conductivity is the property of the conductor which 
facilitates the flow of electricity through it. It is equal to the 
reciprocal of resistance. 

Conductivity =--= — 

Resistance R 

It is expressed as ohm^* or mho. 

Specific conductivity is defined as the reciprocal of specific 
resistance, Le., it is the conductance of 1 cm^ of a conductor. It is 
represented by the symbol k. 

K = - = — X conductivity 

. -P a . 


-where,— / - distance between — electrode s—and—»=-«ea—of- 
cross-section of electrode. 

In the case of electrolytic solutions, specific conductance is 
the conductance of a solution of definite dilution enclosed in a 
cell having two electrodes .of unit area separated by one 
centimetre, The units, of specific .conductance, are. ohm~! . cm~.‘ . 


The ratio of // a is called cell constant. 

Equivalent conductance: Conductivity of a solution 
containing Ig equivalent of the electrolyte. It is denoted by 'A'. If 
the concentration of solution is C g equivalent per litre, then 

1000 


A^ 


C 


or A = k X F 

where, V is the volume in mL containing Ig equivalent of the 
electrolyte. The unit of equivalent conductance is ohm^’ cm^ 
equiv . 

Molar conductance: Conductance of a solution containing 
1 g mole of an electrolyte. If V is volume in mL containing Ig 
mole, then 

Mol ar conductance, fx = K X F 

If C is the concentration of the solution in g mole per litre, then 

1000 
|1= KX- 


Its unit is ohm“ cm^ mol' 
Equivalent conductance = 


Molar conductance 


where, 


Molecular mass 
Equivalent mass 


8. Kohlrausch’s law: At infinite dilution, each ion makes 
a definite contribution towards equivalent conductance of the 
electrolyte. The value of equivalent conductance at infinite 
dilution for any electrolyte is the sura of conductances at infinite 
dilution of its constituent ions. Thus, 


A «o = Ao + A^ 

Ag and A^. are called the ionic conductances of anion and 
cation at infinite dilution respectively. It can be used to determine 
degree of dissociation. 


^ _ A _ Equivalent conductance at given concentration 
A„ Equivalent conductance at infinite dilution 

9. Galvanic or Yohaic or Electrochemical cell: It is the 

device in which chemical energy is converted into electrical 
energy. In this cell a redox reaction is carried out in an indirect 
maimer and the decrease in free energy during the chemical 
process appears as electrical energy. 

The common galvanic cell, dry cell and the lead storage 
battery are the devices for converting chemical energy into 
electrical energy. Daniell cell is the typical example of galvanic 
cell. It consists of two half-cells, one containing zinc electrode 
dipping in solution of zinc sulphate (J M.) and another containing. 
coppef electrode dipping in solution of copper sulphate (1 M). 
Zinc electrode acts as anode. At this electrode oxidation occurs. 
Zn—»Zn^"' H-2e~ ., Copper electrode acts as cathode. At this, 
electrode reduction occurs. Cn -4 Cn When-the-taai- 

half-cells are connected by a salt bridge and the metal electrodes 
are joined externally, the electrons from zinc electrode, (-ve 
electrode) move towards copper electrode (+ve electrode), i.e., 
current flows firom cathode to anode. The cell reaction is: 

-^-Zn-4-Gu-^^^--^n^^H-er^- ~ ^ . 


Salt-bridge allows the flow of current by completing the 
circuit and maintains electrical neutrality. It also preve nts 
liquid-liquid junction potential. 

A galvanic cell is represented in the following manner: 
Salt-bridge 

LHS RHS 

Anode (-ve) Cathode (+ve) 

Zn I Zn^^ (1 M) Cu^"- (1 M) I Cu 


Oxidation half-cell 
Zn-^Zn^+ +2e" 


Reduction half-cell 
■■ Cu^+ + 2e' =Cu 


Iflf; Electrode potential: When-a metal- is placed in-a - 
solution of its ions, the metal either acquires a positive charge or 
negative charge with respect to solution. On account of this a 
definite potential is developed between the . metal and the 
solution. This potential difference is termed electrode potential. 
The magnitude of potential depends on the nature of electrode, 
concentration of ions and temperature. It is a measure of the 
tendency of the metal to lose or gain electrons or a measure of the 
relative tendency to undergo oxidation or reduction. .Depending 
on, the nature of the metal electrode, the electrode potential is of 
two types: 


(i) Oxidation potential: When electrode is negatively 
charged with respect to solution, i.e., oxidation occurs and the 
electrode acts as anode 


M^M"* +ne- 


(ii) Reduction potential: When electrode is positively 
charged with respect to solution, i.e., reduction occurs and the. 
electrode acts as cathode, 
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Standard electrode potential: The potential difference 
developed between metal electrode and the solution of its ions of 
unit molarity (1 M) at 25°C is called standard electrode potential. 

It is not possible to measure the absolute value of single 
electrode potential directly. Only difference in potential of two 
electrodes can be measured experimentally. It is, therefore, 
necessary to couple the electrode with another electrode whose 
potential is known. This electrode is termed as reference 
electrode. The emf of the resulting cell is measured 
experimentally. 

Emf of the cell = + ^E'cathode 

= Oxid. pot. of anode + Red. pot. of cathode 

Knowing the value of reference electrode,-the value of other 
electrode can be determined. 

Standard reduction potential = - (Standard oxidation potential) 
Standard oxidation potential = - (Standard reduction potential) 
IJ. Reference electrode (Standard hydrogen electrodes 
SHE): It is a primary standard electrode. It consists of a small 
platinum strip coated with platinum black as to adsorb hydrogen 
gas. A platinum wire is welded to the platinum strip and sealed in 
a glass tube as to make contact with outer circuit through 
mereuryJh e pl ati n utB-stap-aad-glass-tuh e is surroun ded^by^ 
another glass tube which has an inlet for hydrogen gas and a 
number of holes at the base for the escape of excess of hydrogen 
gas. The platinum strip is placed in^acid solution which has H 
ion concentration 1 M. Pure hydrogen gas is circulated at 1 
atmospheric pressure. The temperature of the cell is maintained at 
25°C. By international agreement, the' standard hydrogen 
electrode is arbitrarily assigned a potential of exacdy ± 0 . 00 ( 1 .. 
volt. This electrode can act as cathode or anode with respect to 
other electrode. 

The electrode whose electrode potential is to be determined is 
connected with SHE and emf of such a cell is determined which 
is taken as the electrode potential of the given electrode. The 
metal electrode which acts as anode with respect to hydrogen 
electrode, the oxidation potential of the electrode is given 
positive sign and the metal electrode which acts as cathode with 
respect to hydrogen electrode, the reduction potential is given the 
positive sign. 

12. Emf of a ceU: The difference in potentials of two 
half-cells is known as the emf of the cell. 

Cii = Red. pot. cathode - Red. pot. anode (ifright 
= Red. pot. cathode + Oxid. pot. anode 
= Oxid. potential anode - Oxid. potential cathode 

13. Some more reference electrodes: Since, a hydrogen 

electrode is difficult to prepare and maintain, it is usually 
replaced by other reference electrodes which are known as 
secondary reference electrodes. These are convenient to handle 
and prepared easily. Calomel electrode and silver-silver chloride 
are used as reference electrodes. The potentials of these 
electrodes are fixed on hydrogen scale but their values depend on 
strong electrolyte concentration. * 

14. Reversible and irreversible cells: A cell is said to be 
reversible if the following two conditions are fulfilled: 


(i) The chemical reaction of the cell stops when an exactly 
equal external emf is applied. 

(ii) The chemical reaction of the cell is reversed and the 
current flows in opposite direction when the external emf is 
slightly higher than that of the cell. 

Any other cell which does not obey the above two conditions 
is termed as irreversible. Daniel! cell is reversible but 
Zn IH 2 SO 4 I Ag cell is irreversible in nature. 


15. Prediction for occurrence of a redox reaction: Any 

redox reaction would occur spontaneously if the free energy 
change (A(j) is negative. 

AG ° = - nFE° where, ‘n’ is the number of electrons involved, 
F is the value of faraday and £” is the cell emf AG ° can be 
negative if is positive. 

When A ° is positive, the cell reaction will be spontaneous and 

serves as a source of el ectric al energy, r — . . 

. 16.. . Jiernst The potenti a l of an electrode 

changes with the change in concentration of ions in solution in 
contact with the electrode. Increase in concentration of cations 
results in an increase of reduction potential of an electrode. 

Clonsider M "* + ne~ -4 M 


_ „o ~23(SSRT 
^red ~ Ared --log 


IreducedTSrfa] 


-At 25°C,' 


nF 
2.303i?r 


[oxidised form] 
= 0,0591 ' . 


and the concentration of metal is unity. 

fred =<d 


Similarly, consider the electrode where oxidation occurs. 
M M + ne~ 

£ ryO 0«059 1 « r h JT U-¥ 1 

oxid. “ ^oxid. ” ] 

n 


Cell potential depends on the potential of anode, and cathode..„ 

^Cell *" ^Anode -^Cathode 


or 


= Oxid. pot of anode - Roi. pot. of cathode 

.0 0.0591, \ / 

= ^oxid. “-[Anodic ion cone. ] 

n 

+ log [Cathodic ion cone.] 


_ ' I p^ __ 

^oxid. "’" ^red 

0.0591 

= - 

n 

_ o _ 0.0591 

“ Ajeii 

n 


0 0591 [Anodic ion cone. ] 

-log- 

n [Cathodic ion cone. ] 

[Products] 

log — -— . 

[Reactants] 

log 

[ion]Rjj5 


17. Electrochemical series: When the electrodes (metals 
and non-metals) in contact with their ions are arranged on the 
basis of values of their standard reduction potentials or standard 
oxidation potentials, the resulting series is called the 
electrochemical or activity series of the elements. 
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Characteristics of Electrochemical Series 

(i) The negative sign of reduction potential indicates that an 
electrode when joined with SHE acts as anode. Similarly the 
positive sign of reduction potential indicates that the electrode 
joined with SHE acts as cathode. 

(ii) The substances which act as stronger reducing agents than 
hydrogen are placed above hydrogen in series. All those which 
have positive values of reduction potentials and jilaced below 
hydrogen are weaker reducing agents than hydrogen. 

(iii) The substances which are stronger oxidising agents are 
placed below hydrogen in the series. 

(iv) The metals at the top haye the tendency to lose electrons 
readily. The activity of metals decreases from top to bottom while 
that of non-metals increases from top to bottom. 

(v) A metal higher in the series will displace the metal from 


having high value of reduction potential will displace another 
non-metal with lower reduction potential. 

(vii) The metels occupying top positions in the series readily 
liberate hydrogen from dilute acids. • 

( viii) Iron and me ta ls above i ron are capable of liberating 
hydrogen from water. 

(ix) The oxides of metals having low reduction potentials are 
thermally stable while the oxides of metals having high reduction 
potentials are thermally not stable, 

18. Relation between emf and equilibrium constant: 

AG'=‘ = -2.303iJ7’log/^ 

^G° = -nFEl^^ 

So, nFEl^n =2.303 RT log K 

2.303RT. ^ 

^ceii =- 


nF 

0.0591 


(r = 298K) 


19. Primary cells are those which have definite life and 
become dead ovSr a time. These cannot be recharged. Examples 
are dry cell, mercury cell, etc. , 

Secondary cells are the cells which can be recharged by 
passing direct current through them. Lead storage battery and 
nickel-CEulmiuim cell ate examples of secondary cells. Lead 
storage battery consists of spongy lead as anode, a grid of lead 
packed with PbOj as cathode and an aqueous solution of H 2 SO 4 
(38% by mass or 20% H 2 SO 4 of specific gravity 2.15) as 
electrolyte. 


during ttwhair^Bg 

Pb + PbOj + 4H + + 2SO|" ^ 
2PbS04 + 2H2O 

Voltege 2.0 volt. The concentration 
of H 2 SO 4 decreases during 
discharging. 


Reacttun daring charing 

2PbS04 + 2 H 2 O Pb + PbOj 
4H + 2S04’ 


Name of cell 

Anode 

Catlidde 

Elecriolyte 
- - \ nsed- 

Dry cell 

Zn 

Graphite 

MnOj + C 
(around cathode) 
'NH 4 €i + ZnCl 2 ■, 
(around anode) 

Mercury cell 

Zn 

Graphite 

HgO + KOH 
(moist) 

Lead storage 
battery 

Pb 

PbOi 

H 2 SO 4 (38% by 
mass) 

Lithium battery 

Li 

Metal sulphide 

LiC 104 in organic 
solvent 

Ni-Cad cell 

Cd 

NiO 

KOH solution 

Fuel cell 

Porous carbon 

Porous carbon 

Cone. NaOH or 

(H 2 -O 2 ) 

(with catalyst) 

(with catalyst) 

KOH(af.) 


20. Fuel cell: The cells which convert chemical energy of 
fuels directly into electncal energy are known as fuel cells. One 
of such cells is fuel cell (H 2 -O 2 ) in which electrical energy is 
generated by the use of Hj and O 2 . In fuel cell NaOH is used as 
an electrolyte and hydrogen gas is diffused at the anode ntode of 
porous carbon. At the cathode oxygen is diffused through a 
porous carbon. The following chemical reactions occur: 

. ■_(fi_Atanode,_H 2-4 2H _ 

2H+ 20H’ ^2H20+ 2c~ 

(ii) At Cathode, O 2 + 2 H 20 + 4e~ ->40H~ 

Net cell reaction 2 H 2 +O 2 ^* 2 H 20 -i-energy 

Fuel cells are quite efficient, and free from pollution. These 
are used in spacecrafts, 

21. Concentration cells: If two plates of the same metal 
are dipped separately into two solutions of the same electrolyte 
and are connected with a salt bridge, the whole arrangement is 
found to acts as galvanic cell. Such cells are known as 
concentration cells. These are of two types: 

(i) Electrode concentration cells 

Pt, H 2 (pressure p])i H"^ IH 2 (pressure j32)> Pt 

If Pi > P 2 oxidation occurs at LHS electrode and reduction 
occms at RHS electrode. 

^ceii = log at 25°G 
2 , ^ip2) , 

(u) Electrolyte concentration cells 

M \ M”* iCi)\\M’’* iC^yl M 
Zn IZn** (Cl )|| Zn"-" (Cj )l Zn 
C 2 is higher than Cj. 


■^ceir 


1 0.0591, Cj 


— log-Aat25°C 
n C, 




Electrochemistry 




1. Match the List-I with List-II and List-Ill: 


fQuestions^ 




'::i TystasM 


List-I 

(Quantity) 


List-II 

(Symbol) 


(a) Conductivity (p) A„ 

(b) Cell constant (q) k 

(c) Molar conductance (r) 


List-ni 

(Unit) 

(u) mho cm”' 

(v) cm”' 

(w) ohm”' cm^ mol”* 


(d) Equivalent (s) U A (x) ohm ' cm^ eq”' 

conductance 

2. Match the salts in the Column-I with their use in Column-D: 


(a) Hg^Clj 

(b) Agar-agar 

(c) 0.1 N KCl 

(d) Quiohydrone 


(p) Salt bridge 

(q) Calomel electrode 

(r) Used in ice cream 

(s) Redox electrode 


3. Mitch the Colurnn-T with Coluinn-ri: 

Column-I Column-II 

(Term) (Relation) 

(a) a (Degree of ionisation) (p) X^/A 

(b) 4 (Transport number) (q) A‘„/A^ 

(c) Fraction of a mole (r) IJ* /(/^ + U~ 

undergoing ionization 

(d) NaCl (s) Ay A® 

(*■) ~ 

4. Match the physical quantities in the List-I with their units in 
List-II: 


List-I 

(a) Resistance 

(b) Resistivity 

(c) Conductivity 

(d) Specific conductance 


Lfst-II 
(P) ohm 

(q) volt amp"' 

(r) ohmm 

(s) ohm”' m"' 


5. Match the Colunm-I with Column-II: 

Column-I Column-II 

(a) Specific conductance, k (p) A^^ / A°„ 

(b) Molar conductance, A„, (q) Decreases with dilution 

(c) Resistance of electrolyte (r) Increases with dilution 
solution R 

(d) Degree of ionization of (s) Increases with increase in 

weak electrolyte, a the distance between 

parallel plates 


6 . Match Column-I with Column-II: 

Column-I 

(Combination of half-cell reactions) 


(a) 60ir + Br” 


20H- +Br” 


40ir + BrO” 


imn-I. Column-II 

half-cell reactions) (Potential of 
overall 
process) 

BrOj + 3 H 2 O+ 6e” (p) £“=0.56 V 

E° = -0.61 V 
Br 0 ”+H 20 + 2 e” 

£°=-0.76V 

Br 07 + 2H20+4e” 


(b) H 2 SO 3 + 4¥t + 4e' 
soy+4lf+2e”: 


soy + 8 H^ + 6 e” 


(c) ClO; + 611^ + 6 e” 


CI 2 + 2 e 


£° = ? . , . ' _ _ 

^S+3H20 (q)£“=-0,535V 

£° = 0.45 V 
:^H 2 S 03 + H 20 
. £“ = 0.17 V 
S+ 4 H 2 O 
£° = ? 

:Cr + 3H20 (r) £°=+0.36V 

£“ = +1.45 V 

2 cr 

£“ = +1.36V 


0 

-1. 

-6ir 

T 5e 

:f^-C12 + 3H20 

2 - ■ 




£“ = ? 


+ 2^ - 


Zn(s) £“ =-0.76 V 

Ag" 

+ e" - 

-^ 

Ag(s)£° = +0.80V 

Zn(s)+ 

2Ag^ 

■%. 

' Zn^'^(fl^)+2Ag(s) 


£° = ? 

7. Match the Column-I with Column-II: 


Column-I 

(a) Concentration cell 

(b) Edison cell 

(c) Mercury cell 

(d) Dry cell 


Column-II 

(p) Fe is oxidised by Ni 203 

(q) Zinc anode 

(r) HgO cathode 

(s) £° = 0 


8 . Match the Column-I with Column-II: 

Column-I (Electrode) Column-II (Type) 

(a) Calomel (p) Reference 

(b) Glass (q) Redox 

(c) Hydrogen (r) Membrane 

(d) Quinhydrone (s) Gas 
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9. Match the Colunm-I with Coluiim-II; 10. Match the Colunm-I with Column-II; 


Column-I 

Column-II 

Column-I 

Column-n 

(a) Kohlrausch law 

(p) A,„ / a;, 

(a) £■“ = 0 

(p) Cell is discharged 

(b) A,„ 

(q) 1 1 

(b) £ = 0 

(q)e = i^ 


R A 

(c) AG = 0 

(r) 96500 coulomb 

(c) K (kappa) 

(d) a 

(r) A;,Ca 3 (P 04)2 

= 3A°Ca^*+2A°PO^“ 

(s) ,,1000 

M 

(d) 1 Faraday 

(s) 1 mol electrons 

(t) Concentration cell 







1 . (a—q, u), (b—s, v), (c—^p, w), (d—r, x) 

2. (a—<0, (b—p, r), (c—p), (d—s) 

3. (a—q, s), (b—p, r), (c—q, s), (d—t) 

.4. (a—^p, q), (b—r), (c—s), (d—s) 

5. (a—q), (b—r), (c—q, s), (d—p, r) 


6- (a—O, (bn—r), (c-^), (d—p) 

7. (a—s), (b—p), (c—q, r), (d—-q) 

8. (a—p), (b—r), (c—s), (d—q) 

9. (a -r), (b—s), (c—q), (d ^p) 

10. (a—t), (b—p, q), (c—p, q), (d—r, s) 




1. How many coulombs are required for the following 
reductions? 


11. A lead storage battery is discharged in which the following 
electrode reaction takes place: 


(i) 1 moleofAg’^ ionsto Ag 

(ii) 1 mole of Cu^'^ ions to Cu 

(iii) 1 mole of MnO^ ions to MnOj” 

[Ans. (i) 96500 coulomb (ii) 193000 coulomb (iii) 96500 
coulomb] 

2. How many faradays are needed to reduce 2 gram-mole of 
Cu to Cu metal? 

[Ans. 4 faraday] 

3. How many faradays are released when 12.7 g of copper metal 
is changed into copper ions? 


Pb(5) + PbOjCj) + 2H2S04(/)-) 2PbS04 -I- 2 H 2 O 

The original volume in electrolyte is 1 litre. During discharge 
the concentration of H 2 SO 4 changes from 34.6% by weight 
(density 1.261 g/mL) to 27% by weight. How many faradays , 
have left the' anodic half-cell? Water produced during 
electrolysis is used up. 

[Ans. 1.254 faraday] 

12. The chemical reaction given below: 

Cl 2 (g) + S 02 (g) 4- 2 H 20 (/) —> 2cr{aq.) + SH'-Caf.) 


(i) Give the half-cell reactions. 


4. Calculate the number of coulombs required to deposit 40.5 g 
A1 when the electrode reaction is: 

Al^'" - 1 - 3e^-> A1 

— [Ans .-4r344x40--eoulomb].-...-'-- - 

5. Calculate the number of coulombs required to deposit 50 g of 
silver at cathode from silver nitrate solution. 

(Atomic mass of silver = 108) 

[Ans. 44675.9 coulomb] 

6 . How much electric charge is required to produce 20.0 g of 
calcium from molten CaCl 2 ? 

[Ans. 96500 coulomb] 


(ii) If a fully charged cell initially held 1 mole of CI 2 , for how' 
many days could it sustain a current of 0.05 ampere, 
assuming the cell becomes non-operative when 90% of 
initial Cl 2 has been used up? 

[Ans. 40.2 days] 

13. A current of 80 microampere is passed through a solution of 
AgNOj for 32 minutes using platinum electrodes. A uniform 
single atom thick layer is deposited covering 86 % Of the 
cathode surface. If total surface area of cathode is 601.7 cm^, 
calculate the area covered by one Ag atom. 

[Ans. 5.4 X 10"“^ cm^] 


7. If 3 faradays of electricity are passed through an iron (II) 1^. Anthracene can be electrolytically oxidised to anthraquinone. 


bromide solution, how many grams of iron metal will be 
deposited? (At. mass of iron = 56) . 

[Ans. 84 g] 

8 . A certain quantity of electricity deposits 0.54 g of Ag from 
silver nitrate solution. What volume of hydrogen will be 
liberated by the same quantity of electricity at 27°C and 
750 mm of Hg pressure? 

[Hint' ^2 _ Eq. mass of H 2 

Mass of Ag Eq. mass of Ag 






= 0.06234 litre] 

9. In the electrolysis of an aqueous cupric bromide solution, how 
many grams of bromine are foimed on passing a current of 1 
ampere for 16 minutes and 5 seconds? Write the anode and the 
cathode half reactions. 

[Ans. 0.80 g; cathode reaction Cu^”^ 4 - 2e~ - > Cu: 

anode reaction 2Br*-> Brj 4 - 2e“] 

HI. A current of 1.5 amperes is passed through a-solution of a salt 
of a bivalent metal for 30 minutes. Increase in mass of cathode 
is 0:8898 g. Find the atomic mass of the metal. 

[Ans. 63.6] 


What mass of anthraquinone can be produced by the passage 
of 1 ampere current for an hour at 100 % efficiency? 

[Ans. 1.2932 g] 

15. Dal lake has water 8.2 x lO'^ litre approximately. A power 
reactor produces electricity at the rate of 1.5 x 10® coulomb 
per second at an appropriate voltage. How much time would it 
take to electrolyse the lake? 

[Ans. 1.9 million year] 

16. How many grams of H 2 and Oj are- produced during the 
electrolysis of water by a 1.30 ampere current for 5 hours? 
What volumes of dry gases-are produced at NTP? 

[Ans. 0.242 g Hj; 1.94 g Oj; 2.72 litre Hj; 1.36 litre O, ] 
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17. How many coulombs of electricity would be required to 
reduce the iron in 36.0 g of potassium hexacyano ferrate(III), 
KjFeCCN)^, to metallic iron? 

[Ans. 3.17 X 10“* coulomb] 

[Hint: Iron in the complex is . 

KjFeCCNig + Ze -> 3K-" + 6CN" + Fe ] 

1 mole 3 X 96500 C 

18. What current strength in ampere will be required to liberate 
5,g of iodine from potassium iodide solution in 30 minutes? 
[Ans. 2.11 ampere] 

19. The mass of copper deposited from a solution of copper 
sulphate by a uniform current of 0.25 ampere flowing for one 
hour is 0.295 g. Find the equivalent mass of copper. (1 faraday 

= 96500 coulomb) 

[Ans. 31.75] 

20. The solution o f a salt of a metal of atomic mass 1 12 was 
electrolysedToF 15 minutes with a current of 1.5 ampere. TTie 
mass oTttie metal deposited was 0.788 g. Find the valency of' 
the metal. 

[Ans. 2] 

21. If a monovalent metal ion carries 1.6x10"’® coulomb of 
electricity, what is the amount of electricity carried by one 

gram molecularmass of the metal ions?.--- - 

[Ans. 9.6336 x 10'^ coulomb] 

22. Calculate approximately how much current is necessary to 
produce oxygen gas at the rate of 1 mL per second? 

[Ans. 17.23 ampere] ^2400 

[Hint: 1 g-equivalent of oxygen or-mL is liberated by 

96500 coulomb.] ^ 

23. 0.5 faraday of electricity was required to deposit all the copper 
in 500 mL of a copper sulphate solution. What is the normality 
of the copper sulphate solution? 

[Ans. Normality = 17/] 

24. Copper is deposited at an electrode according to the reaction 

5 , + 2e~ . • 

Cu -»Cu. When a current of L34 ampere was passed 

through a solution of copper sulphate for 10 hours, 15.885 g of 
copper was deposited. 

(i) How many coulombs of electricity were passed through 
the solution? 

(ii) How many moles of copper were deposited? 

(iii) How many coulombs are required for the deposition of 1 
mole of copper? 

(iv) If the charge on an electron is 1.6x10”’® coulomb, 
calculate the value of Avogadro’s number. 

[Ans. (i) 482.40 coulomb (ii) 0.25 mol (iii) 2x96500 coulomb 
(iv) 6.03 X 10“] 

25: Calculate the mass and volume at NTP of hydrogen and 
chlorine that will be formed by passing 10,000 coulomb of 
charge through an aqueous solution of potassium chloride. 
The cell reaction is: 

2KC1 + 2HOH-> 2KOH + Qj + Hj 

[Ans. 0.1036 g H 2 , volume 1.063 litre; 3.678 g Cl 2 , volume 
1.1603 litre] 


26. Three electrolytic cells A , B and C containing electrolytes zinc 
sulphate, silver nitrate and copper sulphate respectively, were 
connected in series. A steady current of 1.50 ampere was 
passed through them imtil 1.45 g of silver was deposited at the 
cathode of cell B. How long did the current flow? What 
masses of copper and zinc were deposited? 

(At. mass: Cu = 63.5, Zn = 65.4, Ag = 107.8) 

[Ans. 865 second; 0.427 g Cu; 0,44 g Zn] 

27. An electric current passing for 6 min utes through a dilute 
H 2 SO 4 solution gave 40 mL of the electrolytic gas (Hj + O 2 ) 
measured at NTP. What was the average value of current? 

[Ans. 0.638 ampere] 

[Hint: 96500 coulomb give 11.2 litre of H 2 and 5.6 litre of 
O 2 , i.e., 16.8 litre of electrolytic gas at NTP.] 

28. The same quantity of electricity that liberated 2.158 g silver 
was passed through a solution of a gold salt and 1.314 g of 

" gold^mT^depositedrTte^eqtuvalent mass orsilvef"is~ro7r9i 

-Gal eulatc th e-eqaivalent-mass-of-goldr-Wfaat-is~th e o xidation " 

state of gold in tois gold salt? (At. mass of gold = 197) 

[Aws. Eq. mass = 65.7; Oxidation state = 3] 

Calculate the volume of Clj at NTP produced during 
electrolysis of MgClj which produces 6.50 g Mg. 

(At. mass of Mg = 2 4.3)___ ___ 

[Ail':. 5.99 litre] 

3 it How long does it take to deposit 100 g of A1 from an 
electrolytic cell containing AI 2 O 3 using a current of 125 
ampere? 

[An*. 8577.8 second] 

3L lOg fairly concentrated solution of CUSO 4 is electrolysed 
using 1.01 faraday of electricity. Calculate the mass of the 
resulting solution. 

[Aih. , 9.6025 g] 

J.L The density of copper is 8.94 g mL“‘. Find out the number of 
coulombs needed to plate an area 10 x lOcm^ to a thickness 
of 10"^ crn using CUSO 4 solution as electrolyte. (At. mass of 
Cu = 63.Q 

[Alii, 27129.2 coulomb] 

If Wihat mass of Ag (At. mass 108) could be plated on a spoon 
from electrolysis of AgNOj solution by one ampere curreht for 
' 10 minutes? ' ' (Dli;:!fl>:Ml,t990) 

[,!.-». 0.6715 g] 

‘! If a cuirent of 0.3 anqjere is drawn from a Daniell cell for 1 
hour, what would be the change in mass of electrodes? (At. 
mass of Cu = 63.5 and Zn = 65.37) 

[iV'K, 0.356 g Cu deposited, 0.366 g of Zn dissolves] 

■ ~ An element A (At. mass 112) and an element B (At. mm 27) 
form chlorides. Solutions of these chlorides are electrolysed 
separately and it is found that when the same quantity of 
electricity is passed, 5.6 g of ^ was deposited while in the 
other cell only 0.9 g of B was deposited. What is the valency 
of A if the valency of B is 3? (Hliaiibad 1991) 

2 ] 

How many coulombs must be applied to a cell for the 
electrolytic production of 245 g NaC 104 from NaC 103 . The 
anode efficiency for the desired reaction is 60%. 

[.4!;: 6.43 X 10® coulomb] 
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37. Calculate the mass of Hg 2 Gl 2 which can be prepared by the 
reduction of mercury(II) ions in the presence of chloride ions 
by the passage of 5.0 ampere current for 3.0 hours. 

[Ans. 132.34 g] 

[Hint: 2Hg^'" + 201“' + 2e' -> Hg 2 Cl 2 ] 

IF 1 mole 

38. How long will it take for a uniform current of 6.0 ampere to 
deposit 78.0 g gold from a solution'of AUCI 4 ? V/hat mass of 
chlorine gas will be formed simultaneously at the anode in the 
electrolytic cell? 

[Ans. 19104 second; chlorine liberated = 42.17 g] 


AuCL + 3e — 

Au 

+ 4C1 (Cathode) 

3 F 

1 mole 


2 cr — 

CI 2 

+ 2e” (Anode)] 


1 mole 

IF 


43. The resistance of 0.01 N solution at 25°C is 200 ohm. Cell 
constant of the conductivity cell is unity. Calculate the 
equivalent conductance of the solution. 

^ns. 500 ohm”' cm" eq”'] 

44. A conductivity cell was filled with 0.01 M solution of KCl 
which was known to have a specific conductivity of 0.1413 
"ohm”' m”' at 298 K. Its measured resistance at 298 K was 
94.3 ohm. When the cell was filled with 0.02 M AgNOj 
solution, its resistance was 50.3 ohm. Calculate (i) cell 
constant and (ii) the specific conductance of AgNOj solution. 
[Ans. 13.32 m”'; 2.648 X 10"' ohm"' m”'] 

45. A conductance cell was calibrated by filling it with a 0.02 M 
solution of potassium chloride . (specific conductance 
= 0.2768 ohm”' m"') and measuring the resistance at 298 K 
which was found to be 457.3 ohm. The cell was then filled 


How long will it take 5 ampere of current to deposit 2 g of 

copper from a solution of copper sulphate? ___ 

(Given, CE of copper =32,7*' = 96500 coulomb) 

(Ranchi 1996) 


with a calcium chloride solution containing 0.555 g of CaCl 2 
per litre. The measured resistance was 1050 ohm. Calculate 
"The molar conductivity ofCaCl 2 solution. 

[Ans. 0.0241 mho m" mol”'] 


[Ans. 20.1 minute] 

40. The amount of lactic acid, HC 3 H 5 O 3 , produced in a sample of 
muscle tissue was analysed by reaction with hydroxide ion. 
-• ■■■ ‘Hydroxide^'idn ■Ws' pfodU’^^^^^ iff”the;saffipie"'mixmre by 
electrolysis. The cathode reaction was, 

2 H 20 (/) + 2e- -> H 2 (g) + lOWiaq.) 

Hydroxide ion reacts with lactic acid as soon as it is produced. 
The end point of the reaction is detected with an acid-base 
indicator. It required 115 seconds for a current of 15.6 mA to 
reach end point. How many grams of lactic acid (a monoprotic 
acid) were present in the sample? 

■ [Ans. 1.674 X 10"^ g] 


[Hint: Determine cell constant with KCl data. Its value is 
126.6 m”‘. 

Sp. cond. of CaCU sohi. = Cell const, x-^- 

.Resistance 


= 126.6 X - 


= 0.1206 ohm ' m"' 


Molar conductance = 


Sp. cond. 


Cone. = = 0.005 mol dm ^ = 5 mol m"^ ] 

111.0 

46. The molar conductivities at infinite dilution of KCl, 
KNO 3 and AgNOj at 298 K are 0.01499 mho m^ mol"', 
0.01250 mho m^ mol"' and 0.01334 mho m^ mol"' 


[Hint: No. of moles of lactic acid = No. of moles of OH used 

= No. of faraday used in 

electrolysis 

15.6 X 10”" X 115 

Number of faraday used =-=- 

96500 96500 

= 1.86x10"" 

Mass of lactic acid = Number of moles x Molecular mass 
= 1.86X 10"" X 90 
= 1.674 X 10”" g] 

41. In what direction, can the reaction: 

2NaCl + Fe 2 (S 04)3 2 FeS 04 + CI 2 + Na 2 S 04 
proceed spontaneously? 

(Given:.£; 3 .,,,..= 0.77V; = 1.36V) . 

(BCECE 2005) 

[Ans. Forward] 

42. How many faradays of electricity will be required to 

completely electrolyse one mole of molten AI 2 O 3 to produce 
A1 metal and O 2 gas? | JEE (West Bengal) 2005) 

[Ans. 3 F ] 


respectively. What is the molar conductivity of AgCl at 
infinite dilution at this temperature? 

[Ans. 0.01383 mho m^ mol”'] 

47. The electrodes in a conductivity cell have area 1.2 x 10”“' m^ 
and they are fixed 3 x 10”" m apart. A solution containing 200 

g equivalent. of the electrolyte per m" of the solution has a 
resistance of 60 ohm at 298 K. Calculate the equivalent 
conductivity of the solution. 

[Ans. 2.09 X 10"" mho m" eq”'] 

48. The molar conductivities of NH 4 ^ ion and Cl” ion are 73.5 
mho cm" mol"' and 76.2 mho cm" mol”' respectively. The 
specific conductivity of 0.1 M NH 4 CI is 

. 1.288 X 10”" mho cm”'. What is the dissociation constant of 
NH4CI? 

[Ans. 0.86] 

49. The specific conductivity of a saturated solution of silver 
chloride at 18°C is 1.24 x 10”^ mho after subtracting that of 
water. Ionic conductances at infinite dilution of Ag’'' and Cl” 
ions at this temperature are 53.8 and 65.3 respectively. 
Calculate the solubility of silver chloride in gram per litre. 
[Ans. 1.494 x 10”" g per litre] 
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50. Given: 

AT [y^ = 53.06 ohm“’ cm^ mor* 

A“ SO^] = 80 ohm"’ cm^ mor^ 

A°° [y^ = 63 ohm“^ cm^ moF^ 

Calculate the values of A“ [Al 2 (S 04 ) 3 ] and A°° [MgS 04 ]. 
[Alls. 858 ohm“’ cm^ mol”', 266.12 ohm”' cm^ mol”'] 

51. Hydrofluoric acid is a weak acid. At 25°C, the molar 
conductivity of 0.002 MHF is 176.2 ohm”' cm^ mol”'. If its 
A“ = 405.2 ohm”'cm^ mol”', calculate its degree of 
dissociation and equilibrium constant at the given 
concentration. 

[Ans. a = 0.435, K = 6.1 x 10”''] 


(i) Iron reduces Zn^'' ions (ii) Iron reduces Ni^'' ions. 

Given: E° 2 + = - 0.76 volt; E° 2 + = - 0.44 volt and 

Zn /Zn Fe /Fe 

0-25 volt 

[Ans. Iron reduces Ni^'' ions as the 4,1 in this case has positive 
value.] 

57. Can a solution of 1 M CUSO 4 be stored in a vessel made of 
nickel metal? 

<NF-Ni) = -0-25 volt 

^(Cu^-Cu) = 0-24 volt 

Ans. No; The reaction takes place between CUSO 4 and nickel 
s is positive.] 


52. For mercury at 0°C specific conductance, 

-^-- K F 66296-3^-40^-ffl;- 

(a) Tf the resistance of a cell containing mercury is 0.243T66” 

ohm, what is the cell constant of the cell? 

(b) If the same cell is filled with KCl solution at 0°C, the 
resistance of the cell is 3.966 x 10"' ohm. What is the 


58. An. ver whether, under standard conditions, the following 
reactions are possible or not: 

( 1 ) Will copper reduce Ag'*' to Ag? Given: E°~+ 


( 1 ) Will copper reduce Ag to Ag? Given: E^ + 
= 0.799 volt; E^^ 2 ^ = - 0.337 volt 

(ii) Will Fe^'’ be reduced to Fe^'' by Sn^'' ion? Given: 
Fe^'’ I Fe^-' = 0.771 volt; 



conductivity of KCl solution? 

(c ) If the avera ge cross-s ectional area of the cell is 
0.9643 mm^, what is the effective distance between the 
electrodes? 

[Ans. (a) 2:58476 x 10^ S/m; (b) 6.517 S/m; (c) 0.2492 m] 

53. The mobility of the NH 4 ''' ions is 7.623x 10”® m^/Vs. 

Calculate: 

(a) the molar conductivity of NH 4 '' ion; 

(b) velocity of the ion if 15 volt are applied across the 
electrodes 25 cm apart. 

[Ans. (a) 73.55 X 10”''S m^/mol; (b) 4.574 pm/s] 

54; . Construct electric cells for the following reactions: 

(a) Fe + Cu^"'-> Cu + Fe^'" 

(b) Cu+2Ag:'->2Ag + Cu^'' 

(c) 6 Fe^-'' + Cr 207 ” + 14H -> 6Fe^* + 2 Ct^^ + 7 H 2 O 


Sn^^ I Sn0.250 volt 

--(-iii-)-Would—you-use-a-sil-ver-spoon-to-stir—a-solution-of- 

Cu(N03)2? 

[Ans. (i) Yes, 4i Cu I Cu^"' II Ag^ I Ag is positive (+ 0.462 
volt) 

(ii) Yes, Pt I Sn'*"'', Sn^"'II Fe®*, Fe^"'I Pt is positive 

(+0.621 volt) •' ^ 

(iii) Yes, the reaction does not occur.] 

59. The electrode potentials of two half reactions are as follows: 

Fe®* + e”-> Fe^*.; E° = + 0.76 volt 


Ce''* + e” —-+ Ce®* ; = + 1.60 volt 

Giving reason, describe if Ce®* ean be oxidised by Fe®*. 


[Hint: Ce®* + Fe®* - 

-^Ce''* 

.+ Fe®* 


Ce®* — 

-^Ce''* 

+ e” (oxidation); 

£'° =-1.60 volt 

Fe®* + e” — 

-^Fe®* 

(reduction); 

E° =+ 0.76 volt 


(d) Cd +12 -> Cd^* + 21” 

(e) 2Fe®* + 2Cr-> 2Fe^* + CI 2 

[Ans. (a) Fel Fe®* II Cu®* I Cu 

(b) Cul Cu®* II Ag* I Ag 

(c) Pt I Fe®*, Fe®* II H *, CrjO^”, Cr®* I Pt 

(d) Cd I Cd®* II I”, I 2 I Pt 

(e) Pt I CI 2 , Cl” II Fe®*, Fe®* I Pt ] 

55.. Predict whether the following reaction will occur 
spontaneously or not: 

Co®*+Sn->Co + Sn®* 

0-227 vol/and = 0.136 volt 

[Ans. No;4„ is negative = - 0.141 volt] 

56. An iron wire is immersed in a solution containing ZnS 04 
NiS 04 . Predict giving reasons which of the following 


Adding both, E° of the reaction = - 0.84 volt 
The oxidation of Ce®* by Fe®* is not possible.] 

60. Calculate the standard reduction potential of Ni®*/Ni 
electrode when the emf of the cell 

NiINi®* (IM)IICu®* (IM)ICu 

is 0.59 volt and E° 2 + = + 0.34 volt 

Cu / Cu 

[Ans. - 0.25 volt] 

61. Calculate the half-cell potential at 298 K for the reaction, 

Zn®* + 2e”->Zn 

if [Zn ®* ] = 0.1 M and £'° = -0.76 volt 
[Ans. - 0.789 volt] 

62. A galvanic cell consists of a metallic zinc plate immersed in 
0.1 M Zn(N 03)2 solution. Calculate the emf of the cell at 
25 °C. Write the chemical equations for the electrode reactions 

and represent the cell. (Given: E° 2 * = - 0.76 volt and 

Zn / Zn 


reactions is likely to proceed? 



= - 0.13 volt) 


[Ans. Zn - 


Zn^* + 2e-, 


+ 2e- 
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Znl Zn^"- II Pb^-" I Pb 


0.1 M 0.02 M 


-E, 


cell 


= 0.63 volt 


£^,,=0.609 volt] 


(Given: £ 3 +,^ =-'0.75 volt; £^ 2 +,^ • 

'■ Cr^'^/Cr ’ Fe^+/Fe 


63. Calculate the cell potential of the cell at 25 °C having the cell 
reaction: • 

2Ag* + Cu ^ 2Ag + Cu^-" 


(Given that, [Ag*] = 1.0 x IQ-^ M, 


£°„ =0.46 volt) 


[Cu"]=1.0xl0'^M, 

[Ans. 0.40 volt] 

64. Calculate the E and £° of the cell 

MINPII.Cu^^ICu 
from the following half-cell reactions: 

^Ni; £°=-0.25:volt 


Ni^"" + 2e~ 


70. Calculate the emf of the cell 

Cr 1 Cr^-" (0.1 M) II Fe^-" (0.01 M) I Fe 

0.45 volt) 

[Ans. 0.261 volt] 

71. Calculate the equilibrium constant for the reaction, 

Zn( 5 ) + Ag 20 (i) + H 20 (/)-> 2Ag(s) + Zn^+(a^.) 

+ 20H"(a^.) 

when £°j,i = 1.11 at 298 K. 

[Ans. £,,=3.499x 10”] 

72. The standard reduction potential of Ag”^ | Ag electrode is 0.80 
volt. Calculate the standard electrode ’ potential of 
Cr I AgCll Ag at 25 °C. Given solubility product, 

-,S;^ gCl) ... = .... l .., 8 -x40~'°. ^^-- 


- jI— ] — 1 0 —^—3^*")- 

[Ans. £odi = 0.59 volt; = 0.5015 volt] 

65. Use E° values to calculate AG° for the reaction 
Fe^'^+Ag'"-^Fe^-^+Ag 


[Hint: Apply 


^cell “ 

Cl = 


0.0591 X log [Agn[Cn = 0.0591 log £,p(AgCl) 
-0.576 volt 


^cell = Oxid. pot. anode + Red. pot. cathode 


£... j,_..=^0.80 volt and £„,.,.„.- 3 +- „. 23 ,. =_0.7J_volt-.. - : Red. pot. cathode[Gl~ I AgCl l Ag] - 


"Ag'^/A^- ^PtVFe-^+rFi^ 

[Ans. -2895 J] 

[Hint: £;„ = 0.03 volt, AG° = - «££“„ ] 

66 . A piece of zinc metal is dipped in a 0.1 M solution of zinc salt. 
The salt is dissociated to the extent of 20%. Calculate the 
electrode potential of Zn /Zn. 

-0.76 volt.) 

[Ans. -0.8102 volt] 

[Hint; [Zn^* ] = 0.1 x 0.2 = 0.02 M 

>Zn (Reduction) 


-0.m-r(-0.80)-.. 

-0.576+ 0.80= 0.224 volt] 


'1[3. Derive Nemst equation for the cell 


Ni(s) I Ni^'*’ {aq. 0.1 M) II Ag'^ (d^. 0.1 M) I Ag(s) 
and also find its cell potential. Given: 

£°=0.80 volt and £°. 2 +,_ =-. 0.25 volt 

Ag /Ag Ni /Ni 

[Hint: Cell reaction, 

Ni + 2Ag+-> 2Ag + Ni^^ £° „ 


(Given: £^_^ 2 ., 2 „ 


1.05 volt 


Zn^* + le 


Nemst equation, £, 


„o 0.0591 , [Ni^-^] 


E 

Zn.^'*’ /Zn 


Zn^"^ /Zn 


0-0591 , 2 -h-,- 

+ —-—logioIZn^ ] . 


67. Estimate the concentration limit beyond which the half-cell 
potential of Cu^”^ I Cu will be zero. 


= (1.05-0.0295) volt 
= 1.02 volt] 

74. Determine the equilibrium constant of the following reaction 
at 298 K: 

2 Fe^'' + Sn^''-> 2 Fe^* + 80 "-" 


0.34 volt 


(Given: £ 4 .^ „ , 

^ Sn^^/Sn^ 


^ 0.15 volt, = 0.771 volt) 


[Ans. 3.1 x 10'” mol L”*] 


[Hint: •£'c„ 2 +/q„ 


0.0591, 

—log[Cu^^]] 


68 ., Calculate equilibrium constant for the following reaction: 


[Ans. £ = 1.0x10"'] 

[Hint; Calculate £°g|,. The value is 0.621 volt. 
0.0591 


-Zn + QiSO. 


: 0.765 volt; . £' 


Z 11 SO 4 + Cu 


Apply £, 


cell 


log£] 


/Cu 


: 0.347 volt 


Zn/Zn^+ 

[Ans. 1.862x 10”] 

69.. For the cell reaction, 

NilNi"-" II Ag"" lAg 

Calculate the equilibrium constant at 25°C. How much 
maximum work would be obtained by the operation of this 
cell? 

[Ans. 3.98 x 10 ”, Max. work = 202650 J] 


75. The zinc-silver oxide cell is raed in hearing aids and electric 
watches. From the following data: 

' Zn""" + 2£- -> Zn; £“ = - 0.76 volt 

Ag 20 + H 2 O +■ 2e"-^ 2Ag + 20H“; £° = 0.334 volt 

Answer the following: 

(a) Construct the cell and what will be its emf ? 

(b) What is its cell reaction and what will be AG° value of this 
cell reaction? 
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(c) Name the species which undergo oxidation and reduction 
when the cell is in operation. 

[Ans. (a) Cell Zn I il OH“ I Ag^O i Ag 


1.104 volt 

(b) Cell reaction, 

Ag20 + HjO + Zn — 


■ 2Ag + + 20H" 


AG° = -nFEL, = - 2 X 96500 x l.i04 ^ 


-213072J 


(c) Zinc is oxidised to Zn""^ and Ag^O is reduced to Ag.] 

76. An excess of Hg was added to 10“*’ M acidified solution of 
Fe^"^ ions. It was found that only 4.6% of the ions remained as 
at equilibrium at 25°C. Calculate E° for 2Hg/ Hg?'*' at 
25°Cfor 

2Hg -r ZFe^-* ^ Hg?-* -i- ZFe^-* 

[Ans. - 0.7912 volt] 


__ AgJAsI.40d)5^M-K14^,05)--A/-AgNO3-4Ag ..- 

is 0.788 volt. Calculate the solubility product of Agl. 

.[Ans. 1.10x10“'^] 

78. At equimolar concentrations of Fe""* and Fe^”*, what must 
[Ag"*] be so that the voltage of the galvanic cell made from 
‘Ag'^^'/Ag'a'tid Fe3'*''/Fe2’*'ere'ctrodes equals'zefo? Tlielfeacfion is 


Fe^-* +. 


Fe^"*-t-Ag. Determine the . equilibrium 


constant at 25°C for the reaction. (Given: , = 0.799 volt 

and £° 3 ^. = 0.771 volt) 

Fe /Fc~ ' 

[Hint: 

= -0.771-1-0.799= 0.028 volt 
At equilibrium, = 0 


■ 0.0591 log 


IFe-^llAg"] 

1 


[Ao'^]=0.34 

log K =- 

0.0591 

£ = 3.0] 

79. Using Nemst equation for the cell reaction, 


Pb-F Sn-* 


Pb-- + Sn 


' I 

Calculate the ratio -—for which = 0. 
[Sn^-^J 


(Given: 


[Sn""]' 


= 0.13 volt and E„ 


0.14 volt) 


80. . Determine the potential of a Daniell cell, initially containing 
, 1.00 L each of 1.0 M copper(II) ion and 1.0 M zinc(II) ion, 
after passage of 10^ coulomb charge. The E° of the Daniell 
cell is 1.10 volt. 

[Ans. 1.09 volt] 


[Hint: By passage of lO’’ coulomb charge, zinc ion 
concentration increases by 0.518 mole while copper ion 
concentration decreases by 0.518 mole. 

■ Thus,[Zn"'"]= 1.518Mand[Cu""] = 0.482 M 
(Now apply Nemst equation)] 

81. Calculate the standard potential for the reaction, 

Hg.Cl, H- Cl,-> 2Hg"" -F 4Cr 

(Given: 


HgjClj H- 2e- 


CU -F 2e- 


>2Hg-F2Cr; 

► 2Hg"" + 2 A; 
• Hg?" -F 2e“; 


: 0.270 volt 
= - 0.92 volt 
: - 0.79 volt 
G.36 volt) 


Ans. - 0.08 volt] 

[Hint: First determine E° for 


■ 2Hg -F 2Ci -F 2e electrode. 


This electrode is now coupled with CI 2 -F 2e~ -> 2C1 

electrode.] 

82. Given: 

■ Cu"".-Fe-->Cu"; £° = 0.15volt 

...__.jCu".H^e:.^=4.Cu;-._._....-£.l=ja.5-.volt-....^_ 

Calculate potential for Cti"" -F 2e~ - > Cu. 

[Ans. 0.325 volt] 

83. 'What is the standard electrode potential for the electrode 
Mn 04 /Mn 02 in solution? 

£^^,^,^., 3 . = 1.23volt) 


[Ans. 1.7 volt] 

[Hint: 

MnOJ + 8H" -F Se" 
MnO, -F 4H'* -F 2e“ 
Subtracting 

MnO; + 4H" -F 3A 


>Mn"" -F. 4 H 2 O; £° =1.51 volt 
> Mn""* -F 2 H 2 O; £“ =1.23 volt 

•Mn02-F2H20:£°=? 


5 x1.51- 2x 1.23 7.55 -2,46 5.09 


1.70 volt] 


3 3 3 

84. What ratio of Pb"" to Sn"" concentration is needed to reverse 
the following cell reaction? 

^ Sn(j) + Pb""(a 9 .)-F &n^*{aq.) + Pb(j:) 


0.136 volt and £^^ 3 ,.,^, ^ 


< 0,458] 


0.126 volt 


[Sn"-*] 

85. for the cell Mg I Mg"" II Ag" I Ag, calculate the equilibrium 
constant at 25 °C and the maximum work that can be obtained 
during the operation of the cell. 

(Given; £° ,+ = 2.37 volt and £° 2 +,, =0.80 volt) 


: 2.37 volt and £ 2 +,, 

Ag-'^/Ag 


[Ans. £ = 2.86xl0’“";r„ 


= 6.118x10^ J], 








I 


Electrochemistry 


837 


86 . 


87. 


88 . 


Detemiine the potential for the cell: 

Pt I FeT Fe-”" II Cr.Of’, Cr^-", H I Pt ' 
in which [Fe' ' ] and [Fe' ''] are O.SMand 0.75M respectively 
and [CisO;“h [Cr ’M and [H-^] are 2M, AM and IvVf 
respectively. Given; 

Fe-’^ + e“ -> Fe-" ; E° = 0.770 volt 

14H ^ + 6e~ + Cr.O^- = 2Cr^'' + 7 H 2 O; £“ = 1.35 volt 

[Ans. 0.56 volt] 

For the measurement of the solubility product of AgCl the 
following cell is constructed: 

Ag I AgCl II KCl (0.1 M) II AgNOj (0.1 M) I Ag 
The emf of the cell is 0.45 volt. In the cell, KCl is dissociated 
to the extent of 83% and AgN 03 is dissociated to the extent of 
86%. Calculate the solubility product of AgCl at 298 K. 

[Ans. 1.735 x 10''®] 

[Hint: - 0.0591 log 

LAg Jcathode 

Excess of AgCl is added to 0.1 Af solution of KBr at 298 K. 
Calculate the equilibrium concentrations of Br" and CF ions. 


£° 

Cl'/AgCl.'Ag 


= 0.222 volt 


E 


o 

Bi'”/ AgBr/Ag 


= 0.095 volt 


[Ans. [Cr]= 0.09929 mol L''. [Br'] = 0,00071 mol L"'] 

[Hint: AgCl + Br" AgBr + CF 

At equilibriunv (0.1 - .r) x 


89. 


Apply 

or 


log 


logK = 


a: 

(O.l-x) 


0.0591 

F° 

_ ^cdl 1 

0.059F 


The emf of the cell Cu I CUSO 4 II CUSO 4 1 Cu is - 0.03 V at 

a = 0.1 X 


25°C. Calculate the activity of copper sulphate solution in the 

right hand side electrode. 

[Ans. 0.009616 mol L’’] 

r„. A 1 r A 0.0591 0.1 

[Hint: Apply E = (£cu - )-T— log — 1 

2 X 

90. The cell, Pt I H 2 (1 atm) II H (pH = x) I 

normal calomel electrode, has an em'f of 0.67 volt as 25°C. 
Calculate the pH of the solution. The oxidation potential of 
calomel electrode on the hydrogen scale is - 0.28 volt. 

[Ans. pH = 6.61] 

91. The emf of the cell, 

Ag I Agl, KI (0.05 M) II AgN03 (0.05 M) \ Ag 
is 0.788 volt. Calculate the solubility product of Agl. 

[Ans. 1.101 X 10''"] 

92. The standard reduction potential for Cu^'''/Cu is +0.34 V. 
Calculate the reduction potential at pH = 14 for the above 
couple. K,p of Cu(OH) ^ is 1.0 x 1 O'' ^ 


[Ans. -0.22 V] . (HT 1996) 

93. Calculate the potential of a cell in which H electrode is 
immersed in a solution of pH 3.5 and in a solution of pH 10.7. 
[Ans. 0.4255 volt] 


94. Calculate the emf of the cell, 

CU (1 atm) I NaCl (aq.) I CU (0.1 atm) 

[Ans. - 0.0295 volt] 

95. The standard free energy change for the reaction, 

H 2 (g) + 2AgCl(s')-> 2Ag(.s) + 2H '*'{aq.) + 2Cr (aq.) 

is - 10.26 kcal moU' at 25°C. A cell using the above reaction 
is operated at 25°C under = 1 atm, [H '"]and [CF] = 0.1. 

Calculate the emf of the cell. 

[Ans. 0.340 volt] 

96. For the reaction, Fe’'^ + 3e' T==^ Fe. E° is - 0.036 volt and 
the standard electrode potential for Fe’’"" + e~ a Fe^"" is 

'0l77lA'olF Calculate fhe'£°'f 6 rFe^'' + 2e :F=^'Fel 
[Ans. - 0.4395 volt] 

97. The standard reduction potential at 25°C of the reaction 

2 H 2 O + 2e~ - > H, + 20H' is - 0.8277 volt. Calculate the 

. equilibrium constant for the reaction, . . 

2 H 2 O HjO-" + OH' at 25°C 
[.\ns. ^lO''*] 

[Hint: 

H,0 + e' — ^ > 2^2 + OH' (Cathode); E°=- 0.8277 volt 
H 2 O + j^Hj —+ Fip-^ + F (Anode); £“ = 0 
E° for the cell = - 0.8277 volt 

Apply now £'° =[log K ] (n=l)] 

• n 

98. Calculate the emf of the following cell: 

■pt(H 2 1 atm) I CH3CH,COOH(0.15M) II 0.01 M 

NH 4 OHI Hj (1 atm) Pt 

K„ for CH 3 CH,C 00 H = 1.4 x 10'= 

K* for NH 40 H = 1.8 xlO'" 

[Ans. — 0.4603 volt] 

[Hint: [H'" ]in CH 3 CH 2 COOH = x = 3 / 0 .I 5 x 1.4 xlO'" 

» =1.449x10'-'' 

[OH'] in NH 4 OH = 3 /CXK 4 = y'0.01xl.8xl0'" = 0.4242x.l0“'' 

1 q-14 

[H'^]inNH40H =-—^ = 2.3573 x10'" 

0.4242x10'-’ 

£„„= 0.0591 log 1^^] 

[FI 

99. Calculate equilibrium constant.for 

U + r ^ f] 

at 298 K from the following information: 

Ijiaq) + 2e -> 2F; E° = 0.6197 volt 

I 3 + 2e'-> 3F; £° = 0.5355 volt 

[Ans. 706.9] 

[Hint: U + 2 e'-^ 21 '; P” = 0.619 - .'olt 

31'-> I 3 ' + 2e' ; £° = - 0.5355 volt 

U+F^^U; £° = 0.6197-0.5355 

= 0.0842 volt 
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K = antilog 


nE° 

0.0591 


: antilog 


2 X 0,0842 
0.0591 


= 706.9] 


100. A lead storage battery has initially 200 g of lead and 200 g of 
Pb 02 ,plus excess H 2 SO 4 . How long could this cell deliver a 
current of 10 amp, without recharging, if it was possible to 
operate it so that the reaction goes to completion? 

[Ans. 4.48 hour] 

101. Zn(s) + 2AgCl(s) ^ ZnClj (0.555 M) + 2Ag(j) 


-^o°c' 


.015 volt 


4.02 X 10 volt per degree. 


JTjp 

Find AG,A5. 

.. .. [Ans. AG^- -19A..89A-kJ,-AS-=.^lS.55-cal] 

[Hint: We know that, 

AH =nF\T\^) -E 

L UrJp 

= 2 X 96500 [-273 x 4.02 x lO"* - 1,015] 

= -217075.98 joule = - 217.075 kj 
AG = -«F£ = -2 x 96500 X 1.015 = -195895 J 
•>■=-195.895 kJ 
AG = A//-rAS: 

-195.895 =.-217,075 - 273 X AS" 

AS = - 0.07758 kJ = - 77.58 J = -18.55 cal ] 
102. Calculate the equilibrium constant for the reaction, 


2Fe^'' + 3r 


2Fe^^ +K 


The standard reduction potentials in acidic conditions are 0.77 
and 0.54 V respectively for Fe^'^/Fe^'^ andlj/F couples. 

(IIT 1998) 

[Ans. 6.26x10’] 

103. Electrolysis of a solution of MnS 04 in aqueous sulphuric acid 
is a method for the preparation of Mn 02 as the per reaction, 
Mn^*iaq.) + 2H2O-^ Mn02 + 2 H^(aq.) + 

Passing a current of 27 A for 24 hours gives one kg of Mn 02 . 
What is the value of current eflRciency? Write the reactions 
taking place at the cathode and at the anode. jllT (.May) 1997] 

nri. . » 1 EXiXi 

[Hint: Apply 


1000 


Current efficiency: 


96500 

87 xix24x 60x60 


2 X 96500 


= 25.6 ampere 
25.6 


27.0 


X 100 = 94.8% 


. Mn'*'" + 2 €" 


104. 


Reactions: 

Anode; Mn’'^ 

Cathode; 2H* + 2F-> H 2 ] 

Calculate the number of kWh of electricity is necessary -to 
produce 1 metrio ton (1000 kg) of aluminium by Hall process 
in a cell operating at 15 V. 

[Ans. 4.47x10* kWh] 


105. What will be the value of A for a 0.001 M aqueous NHj 
solution? 

Ki, = l.6x 10’* and A^ = 2.38x 10“^ ohm"' mof' 

[Ans. 2.998 x 10"^ ohm"' cm^ mor'] 

[Hint: K/, = Ca’ 

1.6x10"" = 0.001 X a’ 
a = 0.126 


0.126 = 




2.38 X 10" 


(A‘j„ = molar conductance 
at concentration *c’ and 
A“ = molar conductance at 
infinite dilution) 


A^„ = 2.998 X 10"" ohm“‘ cm" moF* ] 

106. A weak monobasic- acid is 5% dissociated in 0.01 mol dm"^ 
solution. The limiting molar conductivity at infinite dilution is 
4.00 X 10"^ ohm"' m^ mol"'. Calculate the conductivity of a 

0.05 mol dih"^ solution ofthe"acid; . " ' --r -=- 

[Ans. 8.92 x 10"* ohm"' cm^ mol"' ] 

[Hint: Dissociation constant of acid = Ca^ 

= 0.01 x (0.05)^ 


= 2.5 X 10 


,-5 


K„ = Ca^ 

2.5 X 10"^ = 0.05 X a’ 
a =0.0223 


We know that, a = 

A” 


0,0223 = 




4 X 10" 


= 8.92 X 10"* ohm"' cm^ mol"' ] 

107. 1.05 g of a lead ore containing impurity of Ag was dissolved in 
quantity of HNO 3 and the volume was made 350 mL. A Ag 
electrode was dipped in the solution and of, 
Pt(H 2 )IH*(lM)IIAg'‘IAg 
was 0.503 V at 298 K. Calculate % of lead in the ore. 


E 


Ag'^/Ag 


0.80 V 


[Ans. 0.0339%] 

1 


[Hint: Anode A H 2 (g) 


>H*(1M)+ e" 
Cathode Ag"" (x) + e"-> Ag(r) 


1 


H 2 (g) + Ag* (x) ^ Agis) + H* (1M) 


(« = 1 ) 


: 0.80 - 0 = 0.80 volt 


fi- 


[H*] 


E = E 


0.503 = 0.80 ■ 


[Ag*] X 
0.0591 


n 

0.0591 

1 


logio Q 


logio 
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X = 9.43 X 10“® M 


[Hint: Anode Ag(s)- >Ag*+e; £“= 0.80 volt 


Number ofmoles of Ag'*’ in 350 mL 

MV _ 9.43 X 10~® X 350 
1000 ^ 1000 
= 3.3 X 10“® 

Mass of Ag = 3.3 x 10“® x 108 = 3.56 x 10"'^ g 

% Ag in the ore = x 100 = 0.0339%] 

1.05 

108. Calculate E° of the following half-cell reaction at 298 K: 

AgCNHj)^ -r -> Ag -r 2 NH 3 

.. 

Ag(NH 3)2 Ag-^ + 2 NH 3 ; Ai - 6 x 10 “® 


Cathode [AgCNHjlj]'^ + e' -^Ag(s) + 2 NH 3 ;£° = vvolt 


Ag(.y) + [Ag(NH 3 ) 2 f Ag(.5) + Ag"^ + 2 NH 3 
^ [Ag-|[NH3]^ („ = 1) 


Q = iltS.J . Y , - = 6 X 10' 

[Ag(NH3)2r 


4h=(v-0.80) 


At equilibrium, £ = 0 


„ „ 0.0591, ^ 

£ = £-log Q 

n 

0 0S91 

0 = (v - 0.80) - log (6 X 10'-*) 

-Tr^0;373Amlt]—----- 


[Ans. 0.373 volt] 



Set-1: Questions with single correct answer 

1 . An electrolyte is a substance which: 

(a) conducts electricity 

(b) decomposes on heating 

(c) is acidic in nature 

(d) when dissolved in water, dissociates into ions 

2. The theory of ionisation was presented by: 

(a) Faraday (b) Arrhenius (c) Ostwald (d) Rutherford 

3. Dissociation of an electrolyte in water into negative and 
positive ions is called: 

(a) ionisation (b) electrolysis 

(c) decomposition (d) hydrolysis 

4. Degree of ionisation is equal to: 

(a) total number of moles of the electrolyte present in solution 

(b) total number of moles of the electrolyte dissociated into 
ions 

(c) number of moles dissociated /total number of moles 
dissolved 

(d) total number of moles dissolved/number of moles dissociated 

5. Conductivity of aqueous solution of an electrolyte depends on: 

(a) molecular mass of the electrolyte 

(b) boiling point of solvent 

(c) degree of ionisation 

(d) volume of the solvent 

6. Degree of ionisation does not depend on: 

(a) nature of the solvent 

(b) nature of the electrolyte 

(c) dilution 

(d) molecular mass of the electrolyte 

7. Substances which give good conducting aqueous solution are 
called: 

(a) weak electrolytes (b) strong electrolytes 

(c) non-electrolytes (d) catalysts 

8. The number of ions given by one molecule of K 4 Fe(CN )5 after 
complete dissociation is: 


(a)5 (b)ll ( 0)2 (d)10 

9. The amount of electricity required to produce one mole of 
copper from copper sulphate solution will be : 

(VITEEE 2008) 

(a) 1 faraday (b) 2.33 faraday 

(c) 2 faraday . (d) 1.33 faraday 

Pint : Cu^'" + 2e- -> Cu (s) 

1 mole copper requires 2 mole electron, i.e., 2 faraday charge.] 

10. The process in which chemical change occurs on passing 
electricity is termed; 

(a) ionisation (b) neutralisation 

(c) electrolysis (d) hydrolysis 

11. Which of the following condition is correct for operation of 
electrolytic cell? 

(a)AG = 0,£ = 0 {b)AG<0,£>0 

(c) AG > 0, £ < 0 (d) AG > 0, £ > 0 

12. Which one is the correct equation that represents the first law 
of electrolysis? 

(a) mZ = ct (b) m = cZt (c) me = Zt (d) c = mZt 

13. When one coulomb' of electricity is passed through an 
electrolytic solution, the mass deposited on the electrode is 
equal to: 

(a) equivalent weight (b) molecular weight 

(c) electrochemical equivalent (d) one gram 

14. One faraday is equal to: 

(a) 9650 coulomb (b) 10,000 coulomb 

(c) 19640 coulomb (d) 96500 coulomb 

15. . When one faraday of electric current is passed, the mass 

deposited is equal to: 

(a) one gram equivalent (b) one gram mole 
(c) electrochemical equivalent (d) half gram equivalent 

16. On passing one faraday of electricity through a dilute solution 
of an acid, the volume of hydrogen obtained at NTP is: 

(a) 22400 mL (b) 1120mL 

(c) 2240 mL (d) 11200 mL 
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17. w g of copper is deposited in a copper voltarrieter when an 
electric current of 2 ampere is passed for 2 hours. If one 
ampere of electric current is passed for 4 hours in the same 
voltameter, copper deposited will be: 

(a) w (b) w/2 (c) w/4 (d) 2w 

18. Copper sulphate solution is electrolysed between two 
platinum electrodes. A cun-ent is passed until 1.6 g of oxygen 
is liberated at anode. The amount of copper deposited at the 
cathode during the same period is: 

(a) 6.36 g (b) 63.6 g (c) 12.7 g (d) 3.2 g 

19. When electricity is passed through a solution of AlClj, 13.5 g 
of A1 is discharged. The amount of charge passed is: 

' - (arts F— F —^(a)-ro - 

20. When the same electric current is passed tlnough the solution 
of different electrolytes in series, the amounts of elements 
deposited on the electrodes are in the ratio of their: 

(a) atomic numbers (b) atomic masses 

(c) specific gravities (d) equivalent masses 

21. Faraday’s laws of electrolysis are related to; 

(a) atomic number of the cation 

(b) atomic number of the anion 

(c) equivalent mass of the electrolyte 

(d) speed of the cation 

22. The specific conductance of a 0.01 M solution of KCl is 
0.0014 ohm’' cm"' at 25°C. Its equivalent conductance is: 

(a) 14 (b) 140' (c) 1.4 (d) 0.14 

23. The equivalent conductivity of 0.1 CHjCOOH at 25°C is 80 

and at infinite dilution 400 ohm”'. The degree of dissociation 
ofCHjCOOHis: 

(a) 1 (b) 0.2 (c) 0.1 (d) 0.5 

24. The number of electrons involved when one faraday of 
electricity is passed through an electrolytic solution is: 

(a) 96500 (b) 8x10^ (c) 12xl0'^ (d) 6x10^^ 

25. One faraday of charge was passed through the electrolytic 
cells placed in series containing solutions of Ag’'’, Ni^''' and 

Cr^’'' respectively. The amount of Ag (At. mass 108), Ni {At. 
mass 59) and Cr (At. mass 52) deposited will be: 


Ag 

Ni 

Cr 

(a) 108g 

29.5 g 

17.5 g 

{b> 108 g ‘ 

59.0 g 

52.0 g 

(c) 108 g 

108.0 g 

108.0 g 

(d) 108 g 

117.5 g 

166.0 g 


26. One faraday of electricity will liberate one gram mole of the 
metal from the solution of: 

(a) BaClj (b) CUSO 4 

(c) AICI 3 (d) NaCl 

27. Strong eIectrol)ftes are those which: 

(a) dissolve readily in water 

(b) conduct electricity 

(c) dissociate into ions even at high concentration 

(d) dissociate into ions at high dilution 


28. The extent of ionisation increases; 

(a) with increase in concentration of the electrolyte . 

(b) on decreasing temperature of solution 

(c) on addition of excess of water 

(d) on stirring the solution vigorously 

29. Molten sodium chloride conducts electricity due to the 
presence of; 

(a) free electrons (b) free ions 

(c) free molecules (d) free atoms of Na and Cl 

30. When NaCl is dissolved in water, the sodium ion is: 

(a) oxidised . (b) reduced 

(c) hydrolysed (d) hydrated 

31. A solution of sodium sulphate in water is electrolysed using 
platinum electrodes. The products^ at cathode and lnode"afe 
respectively: 

■ (a) Hj, O 2 (b) O,, Ej 

(c) O 2 , Na (d) oj, SO 2 

32. The electric conduction of a salt solution in water depends-on 

(a) shape of molecules (b) size of its molecules 
(c) size of solvent molecules (d) extent of its ionisation 

33. In electroplating, the article to be electroplated ' ;r\'es as: 

(a) cathode (b) viw.ruiyie 

(c) anode (d) cofiductor 

34. The amount of electricity that can deposit 108 g of silver from 

silver nitrate solution is: (.4FMC 1993) 

(a) 1 ampere (b) 1 coulomb 

(c) 1 faraday (d) 2 ampere 


35. 


36. 


37. 


38. 


39. 


40. 


A certain current liberated 0.504 g of hydrogen in 2 hours. 
How many grams of copper can be liberated by the same 
current flowing for the same time in CUSO 4 solution? 

(a) 12.7 g .(b) 15.9 g (c) 31.8 g (d) 63.5 g 


If the specific resistance of a solution of concentration C g 
equivalent litre"' is i?,then its equivalent conductance is: 


(a) 


1007? 

C 


(b) 


RC 

1000 


(c) 


1000 

~RC 


(d) 


C 

lOOOi? 


If the specific conductance and conductance of a solution are 
same, then its cell constant is equal to: 

(a) 1 - (b) 0 (c) 10 (d) 100 

On increasing the dilution, the specific conductance; 

(Jiwaji 1990) 

(a) increases (b) decreases 

(c) remains constant (d) none of these 

The distance between two electrodes of a cell is 2.5 cm and 
area of each electrode is 5 cm^. The cell constant is: 

(Jabalpur 1990) 

(a) 2 (b) 12.5 (c) 7.5 (d) 0.5 

At 25°C, the molar conductances at infinite dilution for the 
strong electrolytes NaOH, NaCl and BaClj are 248x10"^, 
126x 10 “'* and 280x10"''Sm’ mol"' respectively. A')„Ba(OH )2 
in S mol"'; (EAMCET 2009) 

(3)52.4x10"'’ (b) 524x10"'’ 

( 0 ) 402x10"“ (d) 262x10"“ 


[Hint; A;,Ba(OH )2 = A^BaClj + 2A°„NaOH - 2A;,NaCl 

= 280x*10”“ + 2 X 248 X 10"“ - 2 X 126 X 10”'’ 
= 524xlO"“Sm^mor‘] 
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41. The electrochemical cell stops working after some time 

because; (VITEEE 2008) 

(a) electrode potential of both the electrodes becomes zero 

(b) electrode potential of both the electrodes becomes equal 

(c) one of the electrodes is eaten away 

(d) the cell reaction gets reversed 

42. Which reaction will take place at cathode when fused calcium 
chloride is electrolysed? 

(a) Ca‘+ + 2e--> Ca (b) CV -—> Cl + 

(c) - 2c"-> Ca (d) Cl" - c”-> Cl 

43. In electrolysis oxidation takes place at; 

(a) both the electrodes (b) cathode _ 

(c) anode (d) in the solution 

44. The equation representing the process by which standard 
reduction potential of zinc can be defined is; 

(a) + 2e--> Zn 

.(b) "ZS®)"-^' Zn'^te) + 2 c"'. 

(c) Zn^-*(g) + 2e--> Zn 

(d) (aq.) + 2e -> Zn(i) 

45. The measured potential for, 

+ 2 e" Mg(^) 

does not depend upon: 

(a) raising the temperature 

(b) increasing tlie concentration of Mg^'*' ions 

(c) making the magnesium plate bigger 

(d) purity of magnesium plate 

46. All cells do not contain: 

(a) an anode (b) a cathode 

(c) ions (d) a porous partition 

47. When lead accumulator is charged, it is: 

(a) an electrolytic cell (b) a galvanic cell 
(c) a Daniell cell (d) none of these 

48. The standard electrode potentials for the reactions, 

Ag''(a^.) + e"->Ag(s) 

Sn‘*(a^.) + 2c"-> Sn(i) 

at 25°C are 0.80 volt and - 0.14 volt respectively. The emf of 
the cell, 

Sn|Sn"+(lM)||Ag"(lM)|Ag 

is: 

(a) 0.66 volt (b) 0.80 volt (c) 1.08 volt (d) 0.94 volt 

49. The cathodic reaction in electrolysis of dilute H 2 SO 4 with 
platinum electrode is; 

(a) oxidation 

(b) reduction » 

(c) both oxidation and reduction 

(d) neutralization 

50. Strongest reducing agent is: 

(a) K (b) Mg (c) Al (d) I 

51. The metal oxide which decomposes on heating, is: 

(a) ZnO (b) HgO (c) AI 2 O 3 (d) CuO 


52. The reaction, i Hjfg) + AgClf^) = H ^(aq.) + Cl (aq.) + Ag(s) 

occurs in the galvanic cell: (AFM_C 2009) 

(a) Ag I AgClfs) I KCl (soln.) 11 AgNOj (soln.) | Ag 

(b) Ft I Hjfg) I HCl (soln.) 11 AgNOj (soln.) | Ag 

(c) Ft 1 E^ig) ( HCl (soln.) 11 AgCK^) | Ag 

(d) Ft I H 2 (g) I KCl (soln.) 11 AgCl(s) | Ag 

53. The standard oxidation potentials, E °, for the half reactions 
are as, . 

Zn-> Zn^-" + 2e“; E° = + 0.76 volt ^ 

Fe-»Fe^'"+2c"; £° = + 0.41 v"olt 

The emf of the cen7Fe^'^^Zn^=rZn^''T^F^si 

[CET (Karnataka) 2009] 
(a) +0.35 volt (b)-0.35 volt 

(c) +1.17 volt (d) -1.17 volt 

54. The standard reduction-potentials-at-25°C .for the-followia^ 
half reactions are given against each; 

Zn (aq.)+ 2c" Zn(s-); - 0.762 

Cr’^(fl9.)+3 e-Cr(A’); - 0.740 

2Fr + 2e"T==5:H2{g); 0.00 ^ 

+ e" Fe^""; • 0,77 

Which is the strongest reducing agent? (VITEEE 2007) 
(a) Zn (b) Gr 

, (c) H 2 (g) (d) Fe^^lfl?.) 

55'. Hydrogen gas will not reduce heated: 

(a) cupric oxide (b) ferric oxide 

(c) stannic oxide (d) aluminium oxide 

56. A solution containing one mole per litre of each Cu(N 03 ) 2 ; 

AgNOj; Hg 2 (N 03)2 and Mg(N 03)2 is being electrolysed by 
using inert electrodes. The values of standard electrode 
potentials (reduction potentials) are Ag/Ag* = 0.80 volt, 
2Hg/Hf = 0.79 volt, Cu/Cu^^ = + 0.24 volt, Mg/Mg-* 
= -2.37 volt. With increasing voltage, the sequence of 
deposition of metals on the cathode will be; 

[PMT (Kerala) 2004] 

(a) Ag, Hg, Cu (b) Cu, Hg, Ag 

(c) Ag, Hg, Cu, Mg (d) Mg, Cu, Hg, Ag 

57. Four colourless salt solutions are placed in separate test tubes 
and a strip of copper is dipped in each. Which solution finally 
turns blue? 

. (a) Pb(N 03)2 (b) AgNO, (c) Zn(N 03)2 (d) Cd(N 03)2 

58. Red hot carbon will remove oxygen from the oxide XO and FO 
but not from ZO. Y will remove oxygen from AD. Use this 
evidence to deduce the order of activity of the three metals X , 
Y and Z putting the most active first: 

(a) XYl (b) ZBT (c) EYZ (d) ZXY 

59. Which of the following metals does not give the following 
reaction? 

M + Water-> Oxide or hydroxide + H 2 

(a) Iron (b) Sodium (c) Mercury (d) Magnesium 
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60. Which is the best reducing agent? 

(a) F” (b) Cr (c) Br^ (d) I “ 

61. If a spoon of copper metal is placed in a solution of ferrous 
sulphate: 

(a) Cu will precipitate out 

(b) iron will precipitate 

(c) Cu and Fe will precipitate 

(d) no reaction will take place 

62. Among Na, Hg, S, Pt and graphite, which can be used as 
electrodes in electrolytic cells having aqueous solutions? 

(a) HgandPt (b) Hg, Pt and graphite 

(c) Na and S _Jd)...Na, Hg and S _ 

63. The most reactive metal among the following is: 

(a) A1 (b) Ni (c) Pb (d) Cu , 

64. Which of the following metals is most readily corroded in 
moist air? 

.—(a-y-Oopper-(b)Hron- 

(c) Silver (d) Nickel 

65. Which one will liberate Br 2 from KBr? 

(a) HI (b) I 2 (c) CI 2 (d) SO 2 

66 . Which one of the following is not the correct representation? 

(a) C = Red. pot. of cathode + Oxid. pot, of anode 

(b) £°eii = Red. pot. of cathode - Oxid. pot. of anode 

(c) = Red. pot. of cathode - Red. pot, of anode 

(d) = Oxid. pot. of cathode + Oxid. pot. of anode 

67. Which of the following represents the potential of silver wire 
dipped into 0.1 A/AgNOj solution at 25°C ? 

(a) (b) (E°^, + 0.059) 

(c) (£L. - 0.059) (d) (4d. - 0.059) 

68 . If the solution of the CUSO 4 in which copper rod is immersed 
is diluted to 10 times, the electrode potential: 

(a) increases by 0.030 Volt (b) decreases by 0.030 volt 
(c) increases by 0.059 volt (d) decreases by 0.0059 volt 

69. A solution of Cu(II) sulphate is reacted with KCl and Kl. In 
• which case will the Cu^'^ be reduced to Cu"^? 

, (a) In both the cases 

(b) When reacted with KCl 

(c) When reacted with Kl ' 

(d) In both the cases but in presence of H'^ 

70. From the electrochemical series, it can be concluded that: 

(a) will liberate H 2 from 1 MHCl 

(b) Ag metal reacts spontaneously with Zn^”^ 

(c) Zn metal will liberate H 2 from 1 MHCl 

(d) Ag metal will liberate H 2 from 1 MHCl 

71. The potential of a hydrogen electrode at pH = 1 is: 

(a) 0.059 volt (b) 0 volt 

(c) ^0.059 volt . (d) 0.59 volt 

72. Which is not true for a standard hydrogen electrode? 

(a) The hydrogen ion concentration is 1 M 


(b) Temperature is 25°C 

(c) Pressure of hydrogen is 1 atmosphere 

(d) It contains a metallic conductor which does not absorb 
hydrogen 

73. The electrode potential becomes equal to standard electrode 
potential when reactants and products ratio is: 

(a) equal to 1 (b) greater than 1 

(c) less than 1 (d) none of these 

74. For the half-cell reaction, 

Au^"^ -(-3e”->Au 

the vplue of n used in Nemst equation is; 

(a) 3 ^ (b) 2 (c) 1 (d) 3 X 96500 

75. When a piece of sodium metal is dropped in water, a reaction 
takes place to yield hydrogen because: 

(a) sodium loses electrons 

(b) sodium acts as an oxidising agent 

.(c)__water loses electrons^_.... .._;____ 

(d) water acts as a reducing agent 

76. Which one is the wrong statement about- electrochemical 
series? 

(a) Active metals have negative reduction potentials 

(b) Active non-metals have positive reduction potentials 

(c) Metals above hydrogen liberate hydrogen from acids 

(d) Metals below hydrogen are strong reducing agents 

77. The reduction potential values are given below: 

A\^*/A\ = -1.67 volt, Mg^-"/Mg = - 2.34 volt, 

■Cu^'"/Cu = 0.34 volt, l 2 / 2 r = -f 0.53 volt. 

Which one is the best reducing agent? 

(a) A1 (b) Mg 

(c) Cu (d) I 2 

78. From the values given in question No. 77, which one is the 
best oxidising agent? 

(a) A1 (b) Mg (c) I 2 (d) Cu 

79. When iron is rasted, it is: 

(a) reduced (b) oxidised 

(c) evaporated (d) decomposed 

80. Galvanization of iron denotes coating with: 

(a) ,Cu .(b) Sn (c) Zn . (d) A1 

81 . The standard electrode potentials of four elements A,B,C and 
D are -3.05, 1.66, -0.40 and 0.80 volt. The highest chemical 
activity will be shown by: 

(a) A (b) B (c) C (d) D 

82. Which of the following methods does not liberate hydrogen? 

(a) Zn -I- H 2 SO 4 (dil.) (b) Mg -t- H 2 SO 4 (dil.) 

(c) Cu -I- H 2 SO 4 (dil.) (d) Zn - 1 - HQ (dil.) 

83. A depolarizer used in dry cell is: 

(a) ammonium chloride (b) manganese dioxide 
■ (c) potassium oxide (d) sodium phosphate 

84. The oxide which can be reduced by hydrogen is: 

(a) Na 20 (b) CaO (c) KjO (d) CuO 

85. The reference electrode is made from which of the following? 

(a) ZnCl, (b) CUSO 4 (c) HgjClj (d) HgClj 
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86. Given, standard electrode potentials; 

Fe3+ + 3 e--> Pe; E° = - 0,036 volt 

Fe^”^ + 2e~ - > Fe; E° = - 0.440 volt 

The standard electrode potential E° for Fe^"^ + -> Fe^'^ 

is: [ AMU (Medical) 2007; AIEEE 2009| 

(a) - 0.476 volt (b) - 0.404 volt 

(c) 0.440 volt (d) - 0.772 volt 

[Hint: Apply AG =-nF£ 

Fe^+ + 2e- -> Fe AG = - 2 X F X (- 0.440 V) = 0.88F ,..{i) 

Fe^”" + 3e“ --> Fe AG = - 3 x F x (-0.036) == 0.108F ...(ii) 

Subtracting eq. (i) from eq. (ii), 

. AG = 0.T08F^"M80F 

= - 0.772F 
AG f- 0 772F'i 

E° for the reaction = - _ = - ^ ^ Y±i± Li = 0.772 volt] 
nF lx F 


87. J^^- Ca and-Li-metals-may be-arranged in the decreasing order- 
of their standard electrode potentials as; 


(a) K, Ca and Li (b) Li, K and Ca 

(c) Li, Ca and K (d) Ca, Li and K 

88 . In a galvanic cell energy changes occur like: 

(a) chemical energy-> electrical energy 

(b) electrical energy-> chemical energy 

(c) chemical energy-> internal energy 

(d) internal energy -> electrical energy 

89. The reaction is spontaneous if the celt potential is: 

(a) positive (b) negative 

(c) zero (d) infinite 

90. Is the reaction, 2A1 + SFe^"^ 2A1^'^ + 2Fe possible? 

(a) No, because standard oxidation potential of A1 < Fe 

(b) Yes, because standard oxidation potential of Al > Fe 

(c) Cannot be predicted 

(d) Yes, because aluminium is a strong oxidising agent 

91. In an experimental set-up for the measurement of emf of a 
half-cell using a reference electrode and a salt bridge, when 
the salt bridge is removed, the voltage: 

(a) does not change (b) increases to maximum 

(c) decreases half the value (d) drops to zero 

92. More electronegative elements have: 

(a) negative reduction potential 

(b) tendency to lose electrons 

(c) positive reduction potential 

(d) positive oxidation potential 

93. Which metal will be deposited in the galvanic cell? • 

Cu ICu^"" llAg-" |Ag 


(a) Cu . (b) Ag ■ 

(c) Both ■' '(d) None of these 

94. In the cell Zn | 11 Cu | Cu, the negative electrode is: 

(a) Cu , (b) Cu^”" (c) Zn (d) Zn^-" 

95. Which of the following gains electrons more easily? 

(a) Na-^ (b) Zn^'^ 

(c) Al^+ . (d) H"- 


96. The potential of a hydrogen electrode at pH 10 is: 

(a) 0.51 volt (b) Ovolt 

(c) - 0.591 volt (d) 0.059 volt 

97. The emf of the cell, 

Ni I Ni^^ (1.0 M) 11 Ag+ (1,0 M) I Ag 
(E° for Ni^-^/Ni = - 0.25 volt, F“ for Ag^/Ag = 0.80 volt) 
is given by; 

(a) - 0.250.80 =0.55 volt 

(b) - 0.25 - (- 1 - 0.80) = - 1.05 volt 

(c) 0 -I- 0.80 - (- 0,25) =-1-1.05 volt 

(d) - 0.80 - (■- 0.25) = - 0.55 volt 

-98. The-reaction for-the-cel V -^- 

ZnlZn^-' (1.0 M)||Cd^+(1.0 M)|Cd 


is: 

(a) Cd ^^ Cd^^ - 1 - 2e- 
.(b) 'Zni^..-^^.Zn 


(c) Cd - 1 - Zn^-'-> Cd^-" + Zn 

(d) Zn -H Cd^-^-> Cd + Zn^-" 


99. 


100 . 


The position of some metals in the electrochemical series in 
decreasing electropositive character is given as Mg > Al > Zn 
> Cu > Ag. What will happen if a copper spoon is used to stir a 
solution of aluminium nitrate? 

(a) The spoon will get coated with aluminium 

(b) An alloy of aluminium and copper is formed 

(c) The solution becomes blue 

(d) There is no reaction 

The half-cell reaction is the one that: 

(a) takes place at one electrode 

(b) consumes half a unit of electricity 

(c) involves half a mole of electrolyte 

(d) goes half way to completion 

Which Nemst equation is true to find out the potential of 
non-standard electrochemical cell from the following ? . 

Fe( 5 ) |Fe*+(rM)|| r(a 9 .)| L( 5 )(Pt) 


[CET (Gujarat) 2008] 


cell 


(a) F, 

(b) £ 

(c) F, 

^cell ~ ‘^cell 


F 

cell ■'^cell 


cell -^cell 


0.592 , rrr 2+ 1 rT-nZ 

-logio[Fe^ ][r] 

H 

0.0592 , re 2+ T rT-i2 

-log,o[Fe ][I ] 

n 

0.0592 


log,o[Fe'"][r] 
Fe^-^lirf 


n 

0.0592 

nF 


log. 


IFeirL 


102. During the electrolysis of fused NaCl, which reaction occurs 
at anode? 


(a) Chloride ions are oxidised 

(b) , Sodium ions are oxidised 

(c) Chloride ions are reduced 

(d) Sodium ions are reduced 

103. F°(Ni^-^/Ni) = -0.25 volt, F°(Au^''/Au) = 1.50 volt. The 
emf of the voltaic cell, 
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Ni|Np^ (1.0 M) II All--" (l.OM)IAu 
is: 

(a) 1.25 volt (b) -1.75 volt(c) 1.75 volt (d) 4.0 volt 

104. Which of the following does not occur at cathode? 

(a) Ag^-> Ag - (b) Fe^-"-> + g- 

(c) Cu*-" + 2e--> Cu (d) 2ff —^ H 2 - 2e- 

105. The strong oxidising agent has: 

(a) high value of reduction potential 

(b) high value of oxidation potential 

(c) low value of reduction potential 

(d) ^ hi gh tendency to lose electrons_ 

106. The passage of .electricity in the Daniell cell when Zn and Cu 
electrodes are connected is from: 

(a) Cu to Zn in the cell 

(b) Cu to Zn outside the cell 
, .X-CX-Zn to Cu outsideThe, cdl 

(d) Zn to Cu in the cell 

107. Which of the following can be used as an electrode? 

(a) A glass rod (b) A wooden stick 

(c) A nail (d) A soda straw 

108. iC'ions are reduced at platinum electrode prior to; 

(a) (b) Cu^"’ (c) Ag-" (d) I, 

109. Which of the following statements is wrong? 

(a) Fj is the strongest oxidising agent as its reduction potential 
is high - 

(b) Li is the weakest reducing agent as its reduction potential 
is low 

(c) Li is the strongest reducing agent as its oxidation potential 
is high 

(d) F ’ ion does not show reducing propeity 

110. Out of Cu, Ag, Fe and Zn, the metal which can displace all 
others from their salt solution is: 

(a) Ag (b) Cu (c) Fe ; (d) Zn 

111 . When the electric current is passed through a cell having an 
electrolyte, the positive ions move towards cathode and 
negative ions towards the anode. If the cathode is pulled out of 
the solution: 

(a) the positive and negative ions will move towards anode 

(b) the positive ions will start moving towards the. anode 
while negative ions will stop moving 

(c) the negative ions will continue to move towards anode 
while positive ions will stop moving 

(d) the positive and negative ions will start moving randomly ^ 

112. The oxidation potentials ofZn, Cu, Ag, H, and Ni are 0.76, 
-T 0.34, - 0.80, 0 and 0.25 volt respectively. Which of the 
following reactions will provide maximum voltage? 

fPET (Kerala) 2007] 


(a) Zn -fCu--'' - 

-^Cu ' 

(b) Zn + 2 Ag"- - 

-^ 2 Ag + Zn-+ 

(c) H2 +Cu"^- 

2H ■" + Cu 

(d) H2 + Ni^+ — 

-4 2H ■^ + Ni 

(e) Zn(s)+ IH*'(aq.)^=^ (aq.)+ H2(g) 


113. Which one of the following will increase the voltage of the 
cell? 

Sn + 2Ag^ -s. Sn^'" + 2Ag 

(a) Increase in the size of silver rod 

(b) Increase in the concentration of Sn"’^ ions , 

(c) Increase in the concentration of Ag^ ions 
■ (d) None of the above 

114. A chemist wants to produce Cl 2 (g) from molten NaCl. How 
many grams could be produced if he uses a steady current of 2 
ampere for 2.5 minutes? 

(a) 3.55 g (b) 1.775 g (c) 0.110 g (d) 0.1775 g 

115. In the electrolysis of CuCL solution, the mass of cathode 
^ increased by 6.4^g7AVfiaf occurred arcopper anode? 

(a) , 0.224 litre of CI 2 was liberated 

(b) 1.12 litre of oxygen was liberated 

(c) 0.05 mole Cu^'^ passed into the solution 

, (d) 0.1 mole Cu passed into the solution .___ 

116. Consider the reaction, 

Cl 2 (g) + 2Br-(a9.)-> 2Cr{a9) + Br. 

The emf of the cell, when [CL ] = [Br,] = [Br~ ] = 0.01 M and 
CL gas is at 1 atm pressure, will be: (E ° for the above reaction 
is 0.29 volt) 

(a) 0.54 volt (b) 0.35 volt (c) 0.24 volt- (d) - 0.29 volt 

117. ■ If , X° and X° refer to equivalent conductance of a cation, an 

anion and equivalent conductance of the salt at infinite 
dilution, then according to Kohlrausch’s law: 

(a)x“=x:+x: (b)L°=x:-A.;- 

(c)x°=A.:-x: ‘ (d)X'>=A:/x: 

118. How much silver will be obtained by that quantity of current 

which displaces 5.6 litre of H,? [PMT (Pb.) 1993| 

(a)54g {b)13.5g {c)20g (d)108g 

119. The specific conductance of a salt of 0.01 M concentration is 
1.061 X 10“''. Molar conductance of the same solution will be: 


120 . 


121 . 

122 . 


123. 


|PMT(Pb.) 1993] 

(a) 1.061 X 10“''(b) 1.061 (c) 10.61 (d) 106J 


What is the number of coulombs required for the conversion 
of one mole of MnO^ to one mole of Mn^''’? 

[MBBS (Orissa) 19931 

(a) 5x 9650Q (b) 3 x 96500(c) 96500 (d) 9650 

Which of the following solutions of NaCI will have the higliest 
specific conductance? 

(a) 0.001 A (b)O.liV (c) 0.01 A (d)1.0A 
The equivalent conductance of a 1 A' solution of an electrolyte 
is nearly; 

(a) 10^ times its specific conductance 

(b) 10“^ times its specific conductance 

(c) 100 times its specific conductance 
(a) the same as its specific conductance 

Zinc is coated over iron to prevent rusting of iron because; 

(a) it is cheaper than iron (b) ■ 


(c) E ' 


(Zn-*/Zn) '^(Fe-'*/Fe) 
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124. Free energy change (AG) is related to the emf of the cell (E) 


(a) E=~ 
(c) AG = 


nF AG 
RT 


(b) AG = ■ 


F log £■ , (d) AG ■- 


■nFE 

nF 

RT 


log E 


125. 


The standard reduction potentials at 25°C of Li^/Li, 
Ba, Na-"/ Na and Mg^^ / Mg are - 3.05, - 2.73, - 2.71 
and - 2.37 volt respectively. Which one of the following is the 
strongest oxidising agent? 

(a) Na" (b) Li'" 


(c) Ba- 


(d) Mg 


126. Three faradays of electricity was passed through an aqueous 

solution of iron(Il) bromide. The mass of iron metal (At. mass 
56) deposited at the cathode is: (EAMCET 1991) 

(a) 56 g (b) 84 g (c) 112 g ■ (d) 168 g 

127. The standard electrode potentials of Zn, Ag and-Gu are - 0;76, 
0.80 and 0.34 volt respectively; then: 

(a) Ag can oxidise Zn and Cu 

(b) Ag can reduce Zn^”" and Cu^'" 

(c) Zn can reduce Ag" and 

(d) Cu can oxidise Zn and Ag 

128. The standard emf for the cell reaction, 

Zn + Cu^ -^ Zn^" + Cu 

is 1.10 volt at 25°C. The emf for the cell reaction when 0.1 M 
Cuand 0.1 M Zn solutions are used at 25°C is: 

(MLNR 1994) 

(a) 1.10 volt (b) 0.110 volt 

(c)- 1.10 volt (d)- 0.110 volt 

129. Three mole of electrons are passed through three solutions in 
succession containing AgNOj, CUSO 4 and AuClj respectively. 
The ratio of amounts of cations reduced at cathode will be; 

(a) l; 4 g :3 , (b) 2:1:3 

(c) 3 ; 1 (d) 6 : 3 : 2 

130. In the electrolysis of an aqueous solution of NaOH, 2.8 litre of 
oxygen gas at NTP was liberated at anode. How much of 
hydrogen gas was liberated at cathode? 

(a) 2.8 litre (b) 5.6 litre 

(c) 11.2^itre (d) 22.4 litre 

131. Two half-cells have potentials - 0.44 and 0.799 volt 
respectively. These two are coupled to make a galvanic cell. 
Which of the following will be true? 

(a) Electrode of half-cell potential - 0.44 V will act as anode 

(b) Electrode of half-cell potential - 0.44 V will act as 
cathode 

(c) Electrode of half-cell potential 0.799 V will act as anode 

(d) Electrode of half-cell potential - 0.44 V will act as a' 
nositive terminal 

132. When a lead storage battery is charged; 

(a) Pb 02 dissolves 

(b) the lead electrode becomes coated with lead sulphate 

(c) sulphuric acid is regenerated 

(d) the amount of acid decreases 


133. An example of a simple fuel cell is: 

(a) lead storage battery (b) H 2 — Oj cell 
(c) Daniell cell (d) Lechlanche cell 

134. For the cell reaction, 

Mg(5)+2Ag"(n^.)^Mg2"(a^.)+2Ag(^). 
is +3.17 V at 298 K. The value of AG° and Q at 
Ag”" and Mg^" concentrations of 0.001 M and 0.02 M 
respectively are; (ISAT 2010) 

(a) 3.04 V, -605.8 kJ mol"', 20000 

(b) 3.04 V, 611.8 kJ mor*, 20000 

(c) 3.13 V,-604 kJ mol”’, 20 

(d) 3.04 V,-61 1.8 kJ, 20000 _ 


[Hint: F= = +3.17V,« = 2 
[Mg^" ] _ 0.02 


Q 


■■ 20000 


[Ag"f [0.00 if 
AG°=-nFE° 

'. .= -2x-96500.x3.17.- ..-.- . 

= -611.8kJ 
0.059 

£ = £”-logiofi 

n i 

= 3.17--5^1og(2OOO0) 

= +3.04 V] 

135. Which of the following statements is correct? 

(a) The temperature coefficient of electrolytic conductance is 
positive 

(b) The temperature coefficient of electrolytic resistance is 
negative 

(c) The resistance of an electrolyte decreases with decreasing 
temperature 

(d) The resistance of electrolytic conductors is independent of 
temperature 

136. Kohlrausch’s law states that at: [CBSE (PMT) 2008| 

(a) infinite dilution, each ion makes definite contribution to 
conductance of an electrolyte, whatever be the nature of 
the other ion of the electrolyte 

(b) infinite dilution, each ion' makes definite contribution to 
the equivalent conductance of an electrolyte, whatever be 
the nature of the other ion of the electrolyte 

(c) finite dilution, each ion makes definite contribution to the 
equivalent conductance of an electrolyte, whatever be the 
nature of the other ion of the electrolyte 

(d) infinite dilution, each ion makes definite contribution to 
equivalent conductance of an electrolyte depending on the 
nature of the other ion of the electrolyte 

137. Which one of the following conditions will increase the 

voltage of the cell represented by the equation? 


Cu( 5 ) + 2Ag" {aq .) CvT*(aq.) + 2Ag(s) (KCET 2006) 

(a) Increase in the dimension of Cu electrode 

(b) Increase in the dimension of Ag electrode 

(c) Increase in the concentration of Cu^" ion 

(d) Increase in the,concentration of Ag"" ion 

[Hint: Cell voltage will increase, eitiier by increasing the 
concentration of Cu^'" ion or by decreasing the concentration of 
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[Ag"] 


138. 


Lesser is the value of g, greater is the cell voltage.] 

Which of the following reactions occurs at cathode during’ 
charging of storage battery? - (MGIMS 2007) 

(a) Pb^-" + 2e'^ Pb 


(b) Pb- 


Pb^'" + 2 e“ 


(c) Pb^’" + SO: 


PbS 04 


(d) PbS04 + 2 H 2 O- 


12 '-'-> Pb02 + 4H T JKJ2 

139. The amount of silver deposited on passing 2F of electricity 
_^thrBjjghaqueo.us_solutiQn of Ag N 03 is: (M HT- CFT 20 07) 

(a) 54g ■ (b) 108g (c)216g (d) 324g 

140. Statements:- 

(i) Unit of specific conductivity is ohm^* cm~'. 

(ii) Specific conductivity of strong electrolytes decreases on 

■’.■■■■■ dilution:— .—^..■.- - . 

(iii) The amount of an ion discharged during electrolysis does 
not depend upon resistance. 

(iv) The unit of electrochemical equivalence is g/coulomb. 

, (a) All are correct 

(b) All are wrong 

(c) Only (i), (ii) and (iv) are correct 

(d) Only (ii), (iii) and (iv) are correct 

141. Which among the following expressions is/are not correct? 

(a) =y^K'l+y^r 

(b) X" = — a: + ^ X" 

n* ri~ 

(c) X 

cation = ^ration X faraday ■ . 

(<i) Kmon =-F«tiQE X faraday 

142. For the electrochemical 
E' 

deduce that: [ilT (Screening) 2000] 

(a) M + X -> M* + X" is the spontaneous reaction 

(b) M* + -> M + X is the spontaneous reaction 

(c) 0.77 V 

(d) --0.77 V 

143. For the cell reaction, 

Cu**(a 9 .) + Zn(s) — (aq.) + Cu(s) 


+ SOr + 2e‘ 


cell, M|M*||X-|X, 

>,+, „ ~ 0-44 V andf.” = 0.33 V. From this data we can 

M ! M XIX 


fO) 


(C2) 


144. 


the change in free energy (AG) at a given temperature is a 
function of: (CBSE 1998) 

(a)lnC, (b)ln|S 

(c)ln(C,+C 2 ) (d)lnC 2 

The standard reduction potential values of three metallic 
cations X, Y and Z are 0.52, -3.03 and -1.18 V respectively. 
The order of reducing powers of the corresponding metals is: 

(HT 1998) 


(a) T>Z>X (b) X>F>Z 

(c)Z>T>X (d)Z'>X>T 

145. A gas ‘X at 1 atm is bubbled through a solution containing a 

mixture of 1 MY~ and 1 M Z”" at 25°C. If the reduction 
potential of Z > 7 > X, then: (IIT 1999) 

(a) Y will oxidise X and not Z 

(b) 7 will oxidise Z and not X 

(c) 7 will oxidise both Z and X 

(d) 7 will reduce both X and Z 

146. Thenumber of coulombs required for the deposition of 107.87 

g of silver is: . [PMT (MP) 1998] 

(a) 48250 , (b) 10000 (c) 96500 (d) 19300 

_147.,_At-25°C, the standard-emf.af-a-celLnaving reactioninvolving. 
two electrons change rs found to be 0.295 V. The equilibrium 
constant of the reaction is: (IIT 1999) 


,10 


148. 


(a) 29.5 X lO”'^ (b) 10 

(0)1x10'® (d) 29.5x10' 

fFe emf of the cell in which the following reaction, 
^Zn^+ (1.0M) + Ni(s) 


Zn(s)+ (0.1 M)- 


occurs, is found to 0.5105 V at 298 K. The standard emf of the 

cell is: (HT 1998) 

(a) 0.4810 V (b) 0J696 V 

(c) -0.5105 V (d) 0.5400 V 

r.,- * p 0-059, 1 T 

[Hint: = -Eceii-^ log — ] 

149. The molar conductances of NaCl, HCl and CH^COONa at 

__ 1 “-' -y _» 

infinite dilution are 126.45,426.16 and 91 ohm cm mol 
respectively. The molar conductance of CH 3 COOH at infinite 
dilution is: ' |CBSE 1997; DCE 2009] 

(a) 201.28 ohm“* cm^ mol"' (b) 390.71 ohm”' cm^ moP' 

■ (c) 698.28 ohm”' cm^ mol”' (d) 540.48 ohm”' cm^ mol”* 

150. The specific conductance of a 0.1 iVKCl solution at 23°C is 

0,0112 ohm”' cm”'. The resistance of the cell containing the 
solution at the same temperature was found to be 55 ohm. The 
cell constant will be: (CBSE 1999) 

(a) O'. 142 cm”' (b) 0.918 cm”' 

(c) 1.12 cm”' (d) 0.616 cm”* 

151. Which of the following plots represents correctly variation of 
equivalent conductance (A) with dilution for a strong 
electrolyte? 



(a) 
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152. The standard reduction potential for Cu^*/Cu and 
■Cu^'*'/Cu’^ are 0.337 V and 0.1.53 V respectively. The 
standard electrode potential of Cu^ / Cu half cell is: 

[AMU (PMT) 2009; CBSE (PMT) 2009] 

(a) o'. 184 V (b) 0,827 V 

(c) 0.521V (d) 0.490 V 

153. Solubility of a sparingly soluble salt S, specific conductance k 
and the equivalent conductance Aq are related as: 


[IAS (Pre.) 1997] 


/ X C 1000 . 

(a) 5“ = -Ag 

■ (b) 5 = kAo 


K 



, V ^ K 

.„ 1000k 


(c) S = - — 

(d) S - 


IOUU/vq 

Aq 



154. 2kg'^(aq .) + Cu(i) 5 =^ Cu^'*' {aq .) + 2 Ag( 5 ) 

(<„= +0.46 V) - , . 

Which change will increase potential the most? 

(a) Doubling the [Ag"^ .]._. . .. , 

(b) Halving the [Cu^^l 

(c) Doubling the size of Cu electrode 

(d) Halving the size of Ag electrode 

155. As a lead storage battery is charged: [PMT (MP) 1993, 2000] 

(a) lead dioxide dissolves 

(b) sulphuric acid is regenerated 

(c) lead electrode becomes coated with lead sulphate 

(d) the concentration of sulphuric acid decreases 

156. In the electrochemical reaction, 

2Fe^"‘ + Zn —^ Zn^* + 2Fe^’' 

increasing the concentration of Fe^"^: [CEE (Kerala) 20001 

(a) increases the cell emf 

(b) increases the current flow 

(c) decreases the cell emf 

(d) alters the pH of the solution 

157. In the cell reaction, 

Cu(s) + 2Ag'^{a^.)-> Cu^*{aq.) + 2 Ag( 5 ). 

fiLi = 0.46 V. By doubling the concentration of Cu^"*^, ii°i, 
is: [MEE (Kerala) 20001 

(a) doubled 

(b) halved 

(c) increased but less than double 

(d) decreased by a small fraction 

158. The conductivity of O.Ol moFdm^ aqueous acetic acid at 300 
K is 19.5 X10“^ ohm^’cm“' and the limiting molar 
conductivity of acetic acid at the same temperature is 390 
ohm”' cm* mol”'. The degree of dissociation of acetic acid is: 

[IAS (Pre.) 1995[ 

' (a) 0.5 (b) 0.05. (c). 5x 10”T (d) 5x10”’ 

159. The ionization constant of a weak electrolyte is 25 x 10”® 
while the equivalent conductance of its 0.01 M solution is 
19.6 s cm* eq”'. The equivalent conductance of the 
electrolyte at infinite dilution (in s cm^ eq”') will be: 

[IAS (Pre.) 1998] 


160. What is the amount of chlorine evolved when 2 ampere of 

current is passed for 30 minutes in an aqueous solution of 
NaCl? (BHU 1998; AHjMS 1999) 

(a) 66 g . (b) 1.32 g 

{c)33g (d)99g 

161. When 9.65 coulomb of electricity is passed through a solution 

of silver nitrate (Atomic mass of Ag = 108 g mol”'), the 
amount of silver deposited is: (KCET2000) 

(a) 16.2 mg _ (b) 21.2 mg 

(c) 10.8 mg (d) 6.4 mg 

162. The quantity of electricity needed to deposit 127.08 g of 

copper is: [CET (Pb.) 2000; PET (MP) 2004] 

.._Ia).1 faraday. .. (h)Acouloinb..... 

(c) 4 faraday (d) 1 ampere 

163. The charge required to deposit 9 g of A1 from Al^''' solution is 

(At.wt.ofAl = 27.0): ^ (MEE (Kerala) 2000] 

(a) 32.16.3'C (b) 96500 C (c) 9650 C , (d) 32163 C 

164. .The-emfofthecell-NiINi^-+4f.0M)IIAu^t(4i0M)lAu4s.p^ 

for Ni^-" [Ni = - 0.25 V; E° for Au |Au = 1.5 V): 

[CET (Pb.) 2000; PMT (MP) 
(a):+1.25V (b) +1.75V (c) -1.25 V (d) -1.75 V 

165. . For the reduction of silver ions with copper metal; the standard 
cell potential was found to be +0.46 V at 25°C, The value of 
standard Gibbs energy, AG° will be : 

(F =96500 C mol”') (AIPMT2010) 

. , _(a)-89kJ (b)-89J 

(c) r44.5 kJ . (d) -98 kJ 

166. In electrolysis of NaCl when Pt electrode is taken then H 2 is 
liberated at cathode while with Hg cathode it forms sodium 

. amalgam: [CBSE (PMT) 2002] 

(a) Hg is more inert than Pt 

(b) more voltage is required to reduce at Hg than at Pt 

(c) Na is dissolved in Hg while it does not dissolve in Pt 

(d) concentration of tf” ions is larger when Pt electrode is taken 

167. Zn gives H 2 gas with HjSO^ and HCl but not with HNO 3 

because: [CBSE (PMT) 2002] 

(a) Zn acts as oxidising agent when reacts with HNO 3 

(b) HNO 3 is weaker acid than H 2 SO 4 and HCl 

(c) in electrochemical series, Zn is above hydrogen 

(d) NOJ is reduced in preference to hydronium ion « ' 

168. A current is passed through two voltameters connected in 
series. The first voltameter contains ASO 4 {aq. ) while the 

■ second voltameter contains F 2 SO 4 (aq.). The relative atomic 
masses of X and Y are in the ratio 2:1. The ratio of the mass of 
X liberated to the mass of Y liberated is; 

(a) 1:1 (b) 1:2 

(c) 2:1 (d) none of these 

169. Which of the following reactions is possible at anode? 

(AIEEE 2002) 

(a) 2Cr^"' + 7 H 2 O —^ Cr20?” + 14H "■ 

(b) F 2 -> 2F” 

(c) i O 2 + 2H*-> H 2 O 

(d) None of the above 


(a) 250 
(c) 392 


(b) 196 
(d) 384 













848 


' G.R.B. Physical Chemistry For Competitions 


170. When the sample of copper with zinc impurity is to be purified 
by electrolysis, the appropriate electrodes are: 

, (AIEEE2002) 

Cathode Anode 


171. 


(a) Pure zinc 

(b) Impure sample 

(c) ' Impure zinc 

(d) Pure copper 


Pure copper 
Pure copper 
Impure sample 
Impure sample 


Conductivity (Unit Siemen’s 'S’) is directly proportional to 
area of the vessel and the concentration of the solution in it and 
is inversely proportional to the length of the vessel, then the 

-unit oCconstant ofiproportionalLtyis:...XAIEJEE 2M2) 

(a) S m mor’ 

(c) mol 


(b) S m^ mor’ 


(d) m^ moF^ 


172. Zn(j) + Cu-"" (aq.) ^ Cu(s) + Za^* (aq .) 


Reactioh quotient g 


^|Zn^ 

“[Cu'"] 


V'vanafioh with'g is of t^^^ 


■iev ithO.4 = l.lOvolt. = 1.1591 volt when: 



(a) [Cu^'"]/[Zn-+] = 0.01 (b) [Zn^"-] / [Cu^'"] = 0.01 

[Zn-^] / [Cu-"] = 0.1 (d) [Zn^"] / [Cu^"] = 1 

•n which of the following cells will the emf be independent of 
the activity of the chloride ions? 

(a) Zn I ZnCFCa^.) | PtIClj) 

(b) Zn |ZnCl 2 (a?.) H KCUa?.) | AgCl(j), Ag(j) 


173. 


(c) Ag, AgCl(s) I KCl(a 9 .) | PtCClj) 

(d) Hg, HgjCUCs) I KCl(n^.) HAgNOjCa^.) | Agl^) 

174. Standard electrode potential data are usefitl for understanding 
the suitability of an oxidant in a redox titration. Some half-cell 
reactions and their standard potentials are given below: 

Mn 04 (aq.) + 8 H+(a 9 .) + 5e'-> Mn^+{a?.) + 4 H 20 (/); 

£" = 1.51 volt 

Ct^O^fiaq.) + 14H*(a9.) + be' -—> 2Ct'^( aq.) + 7H20(/); 

£“ = 1.38 volt 

. Fe^Cn?.) + F- i,Vs^*(aq.); E° = 0.77volt 

a 2 (g) + 2e“- >'2Criaq.% . E° = 1.40volt 

• Identify the only incorrect statement regarding the quantitative 
estimation of aqueous Fe(N 03 ) 2 : (IIT 2002) 

(a) Mn 04 can be used in aqueous HCl 

(b) Cr 207 ~ can be used in aqueous HCl 

(c) Mn 04 can be used in aqueous H 2 SO 4 

(d) Cr 207 ” can be used in aqueous H 2 SO 4 


175. The standard reduction potential E°, for the half reaction are; 

Zn-> Zn^-" + 2e'; •£“ = 0.76 V 

Cu -—>Cu^^+2e^; £“ = 0.34 V 

The emf for the cell reaction, Zn(s) + ^ Zn^'^ + Cu(j) 

is: [Bihar CECE(Pre.) 20041 

(a) 0.42 V (b) - 0.42 V 

(c)-l.lV (d)+l.lV 

176. In a galvanic cell, the electrons flow from: (KCET 2004} 

(a) anode to cathode through the solution 

(b) cathode to anode through the solution ■ 

(c) anode to cathode through the external circuit 

(d) cathode to anode through the external circuit 

177. The standard emf of a galvanic cell involving cell reaction 
with « = 2 is found to be 0.295 V at 25°C. The equilibrium 
constant of the reaction would be: 

Given: F = 96500 C moF'; £ = 8.314 JK^' moFl 

fCBSE (PMT) 2004; AIEEE 2004r 
(a) 2x10“ 03)4x10*^ 

(c) lx 10^ , (d) lx 10*®- 

178. The emf of the cell, 

Zn I Zn^”" (0.01 M) II Fe^-" (0.001 Af) I Fe 
at 298 K is 0.2905 V then the value of equilibrium constant for 
the cell reaction is: |HT (S) 2004] 

(a) ■ (b) 

(c) 1 oO'26/0.0295 |q0.32/0.059I 

179. The standard emf of the following electrodes are; 

. =T 0.77 V;£;2.7,„=-0.14 V 

under standard conditions, the potential for the reaction, 

Sn(5) + (aq.) -> 2Fe^^(af.) + is: 

(AIEEE 2004) 

(a) 1.68 V (b) 1.40 V (c) 0.91V (d) 0.63 V 

180. The highest electrical conductivity of the following aqueous 

solutions is of; . (AIEEE 2005) 

(a) 0.1 M acetic acid (b) 0.1 M chlorbacetic acid 

(c) 0.1 Af fluoroacetic acid (d) 0.1 M difluoroacetic acid 

181. Aluminium oxide may be electrolysed at 1000°C to furnish 
aluminium metal (Atomic mass = 27 amu; 1 faraday = 96500 
coulomb). The cathode reaction is: 

+'ie~ ->.A1 

To prepare 5.12 kg of aluminium metal by this method we 
would require: (AIEEE 2005) 

(a) 5.49 X 10 ’ C of electricity (b) 1.83 x lO’ C of electricity 
(c) 5.49 X 10'* C of electricity (d) 5.49 x lO'® C of electricity 

182. During the process of electrolytic refining of copper, some 
metals present as impurity settle as ‘anode mud’. These are: 

(AIEEE 2005) 

(a) Sn and Ag (b) Pb and Zn 

(c)AgandAu (d)FeandNi 

183. When an acid cell is charged, then; (.AFiVlC 2005) 

(a) voltage of the cell increases 

(b) electrolyte of the cell dilutes 
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(c) resistance of the cell increases 

(d) none of the above 

184. HoWmany coulombs of electricity are required for the reduc¬ 

tion of 1 mole of Mn 04 to Mn^-"? |PMT (Kerala) 2005] 

(a) 96500 C {b)L93xT0’C 

(c) 4.83 X 10^ C (d) 9.65 x 10‘ C 

(e) 5.62xlO^C 

185. The standard electrode potential of Ag*/Ag is + O.^ 'V.’and of 
Cu^'^/Cu is + 0.34 V. These electrodes are connected through a 

'•salt bridge and if: [PET (Kerala) 2005] 

(a) copper electrode acts as cathode, then is + 0.46 volt 

(b) silver electrode acts as anode, then is - 0.34 volt 

(c) copper electrode acts as anode, then is + 0.46 volt 

(d) silver electrode acts as cathode, then is - 0.34 Volt 

.(e)-silver electrode acts as anode, then is + 1.14 volt 

186. The half-cell reaction for the corrosion, 

2ir + i O 2 + 2e“-^ H 2 O; E° = 1.23 V 

+ 2e”-> Fe(s); E° = - .0.44 V 

Find the AG ° (in kJ) for the overall reaction: • fllT (S) 2005] 
(a)-76kJ (b)-322kJ (c)-161kJ (d)-152kJ 

[Hint: Fe{Y)-> Fe^^+2c-; AG^ 

2H'" + 2c- + i O 2 -> AG^ 

Fe(j) + 2H+ + i O 2 -»Fe^* + HjO; AG 3 

Applying AG“ + AG 2 =AG° 

AG 3 = (-2F X 0.44) + (-IF X 1.23) 

= (-2 X 96500 X 0.44) + (-2 x 96500 x 1.23) 

=-3223101 =-322 kJ] 

187. What is the cell reaction occurring in Daniell cell (galvanic 

. cell)? [CET (J&K) 2006] 

(a). Cu(s) + Zv&0^{aq) -> CuS 04 (fl^.) + Zn(j) 

. (b) Znis) + CuS 04 (a^.)-> Cu(s) + ZnS 04 (a?.) ' 

(c) Ni(j) + ZnS 04 (a?.)-> NiS 04 (a^.) + Zn{s) 

(d) 2 Na( 5 ) + CdS 04 (a 9 .)-> Na 2 S 04 (t!?.) + Cd( 5 ) 

188. ' What are the units of equivalent conductivity of a solution? 

(CET (J&K) 2006] 

(a) mho cm'* (b) ohm cm-* g equiy-* 

(c) mho cm"^ g equiv"* (d) mho cm^ g equiv”* 

189. The amount of copper deposited by one faraday current will be 
maximum in an acidic solution of one litre of: 

[PMT (Kerala) 2006] 

(a) IM Cu 2 Ci 2 (b) 2 M Cu(N 03)2 

(c)5MCuS 04 (d) 5 MCu3(P04)2 

(e) lOM Cul^ 

[Hint: Greater is the equivalent mass, more is the amount 
deposited by 1 F charge.] 


190. The reduction potential values of M, A and O are + 2.46 V, 
-1.13V, - 3.13V respectively. Which of the following 
orders is correct regarding their reducing property? 

(JEE (Orissa) 2006] 

(a) 0> N > M'- (b) 0> M > N 

(c) M>N>0 ' (d) M>0>N 

191. The molar conductivities of A^^joac ^hci ** infinite 

dilution in water at 25°C are 91 and 426.2 S cm^ moF' 
respectively. To calculate, A^oacj ^he additional value 
required is: (AIEEE 2006) 

(a) ^H20 (b). ^Kci 

i^y ^NaOH (^) ^NaCl 

- [Hint: Ajjoac,. =.4NaOAc...+. Ana. T..4i!iaa].. ...... 

192. The equivalent conductances at infinite dilution of HCl and 

NaCl are 426.15 and 126.15 mho cm^ g eq-' respectively. It 
can be said that the mobility of: ]CET (Gujarat) 2006] 

(a) Ht.ions is much more than that of CF ions 

.(b) GF ions is much more than that of HT-ions- , . -- 

(c) ions is much more than that of Na'*' ions 

(d) Na* ions is much more than that of iF ions 

193. The tendencies of the electrodes made up of Cu, Zn and Ag to 

release electrons when dipped in their respective salt solutions 
decrease in the order: (VITEEE 2006) 

(a) Zn > Ag > Cu (b) Cu > Zn > Ag 

(c) Zn > Cu > Ag (d) Ag > Cu > Zn 

194. The electrode reaction that takes place at the anode of 

CH 4 — O 2 fuel cell is: fVTTEEE 2006) 

- (a) 2 O 2 + Stf + 8e- —4 4 H 2 O 

(b) CH 4 + 2 H 2 O-> CO 2 + SH”* + 8 e” 

(c) CH 4 + 20,-> CO, + 2 H 2 O 

(d) 2H-*' + 2c--> H, 

195. The cell, 

Zn(s)IZn^'*(lMIICu^*‘(lM)ICu(j:) (£:°„ =+1.10 V) ■ 


was allowed to be completely discharged at 298K. The relative 


concentration of Zn^*" to Cu"'^ 


[Cu""] 


is: 


(AIEEE 2007) 


(a) 9.65 X 10** 
(c)37.3 

■[Hint: F = 


(b) antilog (24.08) 
(d) 10 """* 


log 


[Zn" 


[Cu""] 


0 = 1 . 10 - 


:37.3 


0.059 , [Zn 
— log 

0.059 




[Cu"-*] 


log 


[Zn 


2+ 1 


fCu""] 


[Zn" 


[Cu"-"] 


= 10 ""-"] 


196. The efficiency of a cell is given by: 

(b)^ 

■AH 


, , AG 
(a)- 


ICBSE (Med.) 2007] 


(c) 


A5 

AS 

AG 


k. 


(d) 


■m 

AG 
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197. An electric current of 1 amp is passed through acidulated 
water for 160 minutes and 50 seconds. What is the volume of 
the hydrogen liberated at the anode (as reduced to NTP)? 

(SCRA 2007) 

(a) 1.12 litre (b) 2.24 litre (c) 11.2 litre (d) 22.4 litre 
[Hint; v =- 


205. 


96500 

1x9650x 11.2 


1.12 litre] 


96500 

198. The resistance of W/10 solution is found to be 2.5 x 10^ ohm. 

The equivalent conductance of the solution is (cell constant 
= 1.25 cm-‘): [PMT (Kerala) 2007| 

(a) 2.5 ohm“' cm^ equiv”' (b)5 ohm“* cm^ equiv”*^ 

(c) 2.5 ohm“* cm“^ equiv”* (d)5 ohm“* cm“^ equiv“' 

(e)1.25 ohm“^ cm^ equiv”' 

199. For strong electrolytes, the plot of molar conductance versus 

Vcis; (VITEEE2007) 

. (ajpafabblic ' ” . ' .."(b) liheaf"”.—^.-. 

(c) sinusoidal (d) circular 

200. How long (in hours) must a current of 5 ampere be maintained 
to electroplate 60 g of calcium from molten CaC^? 

(VITEEE 2007) 

(a) 27 hours (b) 8.3 hours (c) 11 hours (d) 16 hours 

201. Emf of hydrogen electrode in term of pH is (at 1 atm pressure): 

(MHT-CET 2007) 

(a) £h 2 = — X pH (b) £h 2 = — — 


, , ^ . 2302RT „ 

(c) ^H, =--pH 


F pH 
(d)£H, =-0.0591 pH 


12 p, r-- \-/-n2 

202. The rusting of iron is catalysed by which of the following? 

(MGIMS 2007) 

(a)Fe (b )02 (c) Zn (d) H"" 

On the basis of values, the strongest oxidising agent is : 

) 6 ] 


203. 


[Fe(CN) 6 ]'''-> [Fe(CN) 6 f “ + e“ E° = - 0.35 V 


Fe" 


Fe^"" + e” 


E° = - 0.77 V 

[CBSE (PMT) 2008) 


(a)Fe'" 

(c)[Fe(CN)6r 


(b)[Fe(CN), 
(d) Fe^-" 


204. Given £ 


Cr-■/Cr 


= -0.72 


Fe^+/Fe 


= - 0.42 V 


The potential for the cell, Cr|Cr^''(0.1M) |! Fe"'''(0.01M)| Fe 
is: 

(a) - 0.26 V (b) 0.26 V (c) 0.339 V 
(Hint: C,, = - 0.42 - (- 0.72) = + 0.30 V 
2Cr(j)+ 3Fe^+(0.01M)^ 

,[Cr'^]' 


2Cr^+ (O.lAf)- 


(AIEEE 2008) 

(d) - 0.339 V 

3Fe(s) 


e 


[0.1]^ 




[ 0 . 01 ]" 

According to Nemst equation, 


= 10 ’ 


£ = £°-^log,oe 

= 0.30--^^ loglO'' 
6 

= 0.261 V] 


(v n = 6) 


Electrolysis of dilute aqueous NaCl solution was carried out 
by passing 10 milli ampere current. The time required to 
liberate 0.01 mole of H 2 gas at the cathode is: (1 faraday = 
96500 Cmol”') (IIT2008) 

(a) 9.65 X lO"* sec (b) 19.3 x lO"* sec 

(c) 28.95x 1 O'* sec (d) 38.6 x lOSec 

[Hint: Mass of 0.01 mol Hj = 0.02 g 

ItE 


W : 


0 .02: 


96500 

lOx 10“^ X t X 1 


96500 
: t = 19.3x10''sec] 

206. The emf of a cell containing sodium/copper electrodes is 
3.05 V, if the electrode potential of copper electrode is 
+ 0.34 V, the electrode potential of sodium is: 

[Coined (Karnataka) 2008] 
(a)-2.71V (b) +2.71V (c)-3.71V (d) +3.71V 

207. What is Ihe number of moles of oxygen gas evolved by 

electrolysis of 180 g of water? (SCRA 2009) 

(a) 2.5 (b) 5.0 (c) 7.5 (d) 10.0 


208. 


The Gibbs energy for the decomposition of AljOj at 500°C is 
as follows: 


-AljO, 
3 ^ ^ 


— A1 + O,; = + 966 kJ mol 

3 ^ " 


The potential difference needed for the electrolytic reduction 


of AljOj at 500°C is at least 
(a) 2.5 V (b) 5.0 V 
[Hint: In the given reaction, 

'^’]+4e- 


(c) 4.5 V 


(AIEEE 2010) 

(d) 3.0 V 


j[2Al^ 


.-Al 

3 


(« = 4) 


AG = 
E = 


nFE 
AG _ 
nF ~ 
-2.5 V] 


966x1000 

4x96500 


Set-2: The questions given beiow may have more 
then one correct answers 

1. What is the difference between galvanic cell and electrolytic 

cell? 

(a) In galvanic cell, electrical energy is produced while in 
electrolytic cell electrical energy is consumed 

(b) In galvanic cell, anode is (-)ve while in electrolytic cell 
anode is (+)ve 

(c) In galvanic cell, cathode is (+)ve while in electrolytic cell 
anode is (-)ve 

(d) All are correct 

2. Ag I Ag’, KIII Agl I Ag emf is £, then A'^p of Agl is given as: 

(a) A„ = log E° (b) In = nF 


2.3037?!' 
(c) In A = — 

V / sp 


(d) log A,p 


5£° 
8T 
nFE° 
2.303A7’ 


E°- 


A hydrogen electrode is placed in a buffer solution of acetic 
acid and sodium acetate in the ratio y: x and x: y has 
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electrode potential values and £2 volts respectively. p/T^ 
value for acetic acid is: 

0.118 0.118 


-iE,+E^) 


E\ E2 


(£[ and £2 ^re oxidation potentials) 

X 

4 . For which electrolyte a = — ^ doesn’t hold good? 

X^ 

(a) CH 3 OH , (b) HGIO 4 

(c) HCOOH (d) NaNHj 

5 . The main factors which affect corrosion are: 

(a) position of metal in electrochemical series 

(b) presence of CO 2 in water 

(c) presence of impurities in metal __ 

(d) presence of protective coating 

6 . Which is correct about silver plating? 

(a) Anode—^pure Ag 

(b) Cathode—object to be electroplated 

(c) Electrolyte—Na[Ag(CN) 2 ] 

__ __L-. 

7 . Lead storage battery contains: 

(a) Pb rod as anode 

(b) Pb rod as cathode 

(c) Pb plates coated with Pb 02 act as cathode 

(d) electrolyte is H 2 SO 4 

8 . During the electrolysis of AgN 03 (using Pt electrodes) 
concentration around cathode as well as anode falls from 4M 
to 3M. What will happen if this happened with Ag electrodes? 

(a) Result will remain same 

(b) Concentration around cathode will fall from 4M to 3M 
but around anode will increase from 4M to 5M 

(e) Reverse of statement (b) 

(d) Concentration increases from 4M to 5M on both the 
electrodes 

9 . EmfofthecellPt;H2(latm)IH'"(a9.)IIAgCl|Agis0.27 V 
and 0.26 V at 25°C and 35°C.,Heat of reaction occurring ■ 
inside the cell at 25°C is: 

(a) - 54.8 kJ (b) 26.05 kJ 

(c) -26.05 kJ (d) +54.8 kJ 

10 . Given that, 

Ni^-^/Ni = 0.25 V, Cu^-^/Cu = 0.34 V , 

Ag''/Ag = 0.80 V and Zn^VZn = - 0.76 V 

which of the following reactions under standard condition will 
not take place in the specified direction? 

(a) Ni^’^Ca^.) + Cu(s)-> Ni(s) + {aq.) 


(b) Cu(s) + 2Ag^(«9.) 

(c) Cu(s) + 2U^{aq.} - 

(d) Zn(s) + 2H*{aq.) - 


(aq.) + 2Ag(s) 

■Cu^\aq.) + H2(g) 

>Zn^^{aq.)+3B2(g) 


11 . Which of the following statements is/are correct? 

(a) One faraday is the charge carried by one mole of electrons 


(b) If same quantity of electricity flows tlirough the smutions 
of 0.1 MAgN 03 and 0.1 MCUSO 4 solutions, same weight 
of silver and copper will be deposited 

(c) Electrochemical equivalent has the units of grams per 
coulomb 

(d) Passage of one faraday of electricity produces one grr n 
equivalent of the substance at the electrode 

12. Which of the following statements is/are not conect? 

(a) Zn-Cu cell is called Daniell cell 

(b) Rust is £6303 

(c) Saline water slows down rusting 

(d) Pure metals undergo corrosion faster than impure metals 

13 . In eleetrolysis of very dilute NaOH solution using platinum 
electrodes: 

(a) H 2 is evolved at cathode 

(b) H 2 is produced at anode 

(c) Na is obtained at cathode 

(d) O 2 is produced at anode 

14 . ' We observe blue colour if: 

(a) Cu electrode is placed in the AgN 03 solution 

(b) Cu electrode is placed in the ZnS 04 solution 

(c) Cu electrode is placed in the dil. HNO 3 

(d) Cu electrode is placed in dil. H 2 SO 4 

15 . In which of the following cell (s); £(. 5 ), = £° 5 „ ? 

(a) C.u( 5 ) I Cu^-^CO.Ol M) II Ag^(0.1 M) I Ag( 5 ) 

(b) Pt(H 2 ) I pH = 1II Zn^-^CO.Ol M) I Zn(s) 

(c) Pt(H 2 ) I pH = 1II Zn^-^Cl M) I Zn(s) 

(d) Pt(H 2 ) I IT = 0.01 M II Zn^^CO.Ol M) I Zn( 5 ) 

1 6. Rusting on the surface of iron involves: 

(a) Fe(s)- > Fe;^'*'(aq.) + 2e~ (at anodic site) 

(b) 02 (g) + 4ir (a^O + 4e"-> 2 H 20 (/) (at cathodic 

(c) 4¥e^*{aq.) + 02 (g) + 4 H 20 (/) —^ 2 Fe 203 (s) + 8 tf' 

(d) £ 0303 ( 5 ) + xH 20 (/)-> £0303 ■XH 2 O 

17 . Fuel cell involves following reaction(s): 

(a) 02 (g) + 2 H 2 . 0 (/) + 4e“-> 4011“ (ag'.) (at cathode) 

(b) 02 (g) + 2 H 20 (/) + 4e' -> 40H~(aq.) (at anode) 

(c) 2 H 2 (g) + 40H“(aq.)-> 4 H 20 (/) + 4e“ (at anode) 

(d) 2 H 2 (g) + 40H“(ag.)-> 4 H 20 (/) + 4e“ (at cathode) 

18. In the following question, more than one of the answers given 
may be correct. Select the correct answers and mark it 
according to the code: 

Codes : [BHU (Mains) 2008] 

(a) 1,2 and'3 are correct (b) 1 and 2 are correct 

(c) 2 and 4 are correct (d) 1 and 3 are conect 

lilint: In a cell Zn( 5 ) | Zn^’’' || |H 2 (Pt); the addition of H 2 SO^ 

to the cathode compartment, will: 

1 . decrease £ 

2 . increase £ 

3. shift equilibrium to left 

4. shift equilibrium to right] 
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i9» ■ for the reduction of NO 3 in an aqueous solution, E° is 0.96 V. 
' Values of E° for some metal ions are given below : 


The pair(s) of metal that is(are) oxidised by NO 3 in aqueous 


) + 2 e — 

-+V 

£'“=-1.19 V 

+ 3e' — 

-+Fe 

£“=-0.04 V 

+ 3e” — 

-+Au 

£'°=+L40V 

+ 2 e" — 

-+Hg 

£'°=+ 0 . 86 V 


solution is(are): 

(a) V and Hg 
(c) Fe and Au 


(IIT 2009) 


(b) Hg and Fe 
(d) Fe and V 


[Hint : for V, Fe and Hg are lower than that of NO3, so, 

M /M 

NO 3 will oxidise V, Fe and Hg. ] 


Assertion-Reason TYPE QUESTIONS 


The questions given below consist of an ‘Assertion’ (A) and 
‘Reason’ (R). Use the following keys to choose the appropriate 
answer: 

(a) If both (A) and (R) are correct, and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are correct, but (R) is not the correct 
expTamTit)rro‘f(A): 

(c) If (A) is correct, but (R) is incorrect. 

(d) If (A) is incorrect, but (R) is correct. 

1. (A) When acidified zinc sulphate solution is electrolysed 

between zinc electrodes, it is zinc that is deposited at the 
cathode and-hydrogen evolution does not take place. 

(R) The electrode potential of zinc is more negative than 
hydrogen as the over voltage for the hydrogen evolution 
on zinc is quite large. 

2. (A) In electrolysis, the quantity of electricity needed for 

depositing 1 mole of silver is different from that required 
for 1 mole of copper. 

(R) The molecular weights of silver and copper are different. 

; (AlIMS 1996) 

3. (A) Equivalent conductance of all electrolytes decreases with 

increasing concentration. 

(R) Lesser niunber of ions are available per gram equivalent at 
higher concentration. L (AlIMS .1999) 

4. (A) Zinc displaces copper from copper sulphate solution. 

(R) The E° is Zn of - 0.76 volt and that of copper is +0.34 
volt. (AHMS 1999) 

5. (A) An electrochemical cell can be set-up only if the redox 

reaction is-spontaneous. 

(R) A reaction is spontaneous if free energy change is negative. 

6. (A) If an aqueous solution of NaCl is electrolysed, the product 

obtained at the cathode is Hj gas and not Na. 

(R) Gases are liberated faster than the metals. 

7. (A) Specific conductance decreases with dilution whereas 

equivalent conductance increases." 

(R) On dilution, number of ions per cc decreases but total 
number of ions increases considerably. 

8. (A) The cell constant of a cell depends u^on the nature of the 

material of the electrodes. 

(R) The observed conductance of a solution depends upon the 
nature of the material of the electrodes. 

9. (A) The ratio of specific conductivity to the observed 

conductance does not depend upon the concentration of 
the solution taken in the conductivity cell. 

(R) Specific conductivity decreases with dilution whereas 
observed conductance increases with dilution. 


10. (A) Molar conductivity of a weak electrolyte at infinite 

dilution cannot be determined experimentally. 

(R) Kohlrausch’s law helps to find the molar conductivity of a 
weak electrolyte at infinite dilution. 

11. (A) One coulomb of electric charge deposits weight equal to 

the electrochemical equivalent of the substance. 

(R) One faraday deposits one mole of the substance. 
r2i (A) If standard reduction potential for the reaction, 

Ag"^ + e~ - > Ag is 0.80 volt, then for the reaction, 

lAg"^ + 2e“- > 2Ag, it will be 1.60 volt. 

(R) If concentration of Ag"^ ions is doubled, the electrode 
potential is also doubled. 

13 . (A) Gold .chloride (AUCI 3 ') solution cannot be store d in a 

vessel made of copper, iron, nickel, chromium, zinc or tin. 
(R) Gold is very precious metal. 

14. (A),In the Daniell cell, if concentrations of Cu^^ and Zn^"^ 

ions are doubled, the emf of the cell will be doubled. 

(R) If the concentration of ions in contact with the metals is 
doubled, the electrode potential is doubled. 

15. (A) H 2 + O 2 fuel.cell gives a constant voltage throughout its 

life. 

(R) In this fuel cell, H 2 reacts with OH" ions, yet the overall 
concentration of OH" ions does not change. 

16. (A) Presence of CO 2 in the air accelerates corrosion. 

(R) CO 2 is a poisonous gas. 

17. (A)Forthe Daniell cell, Zn I Zn^"^ II Cu^"^ I Cu with Ejgii =1.1 

volt, the application of opposite potential greater than 1.1 V 
results into flow of electrons from cathode to anode. 

(R) Zn is deposited at anode and Cu is dissolved at cathode. 

(AIIMS 2006) 

18. (A) A current of 96.5 ampere is passed into aqueous AgN 03 

solution for 100 second. The weight of silver deposited is 
10.8 g. (Atomic weight of Ag = 108) 

(R) The mass of a substance deposited during the electrolysis 
of an electrolyte is inversely proportional to the quantity 
oj|electricity passing through the electrolyte. 

■ ■ [EAMCET (Engg.) 20061 

19. (A) According to Kohlrausch’s law, the molar conductance of 

a strong electrolyte at infinite dilution is sum of molar 
conductivities of its ions. 

(R) The current carried by cation and anion is always equal. 

(AIIMS 2007) 

20. (A) The cell potential of mercury cell is 1.35 V, which remains 

constant. 

(R). In mercury cell, the electrolyte is a paste of KOH and 
ZnO. (AIIMS 2008) 
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/ OBJljCTiVE QUESt^QNS; 


• Set-1 

1 







1. (d) 

2. (b) 

3. (a) 

4. (c) 

5. (c) 

6. (d) 

' 7. (b) 

8. (a) 

9. (c) 

10. (c) 

11. (c) 

12. (b) 

13. (c) 

14. (d) 

15. (a) 

16. (d) 

17. (a) 

18. (a) 

19. (a) 

20. (d) 

21. (c) 

22. (b) 

23. (b) 

24. (d) 

25. (a) 

26. (d) 

27. (c) 

28. (c) 

29. (b) 

30. (d) 

31. (a) 

32. (d) 

33. (a) 

34. (c) 

35. (b) 

36. (c) 

37. (a) 

38. (b) 

39. (d) 

40. (b) 

41. (b) 

42. (a) 

43. (c) 

44. (d) 

45. (c) 

46. (d) 

47. (d) 

48. (d) 

49. (d) 

50. (a) 

51. (b) 

52. (c) 

53. (a) 

54. (a) 

55. (d) 

56. (a) 

57. (b) 

58. (b) 

59. (c) 

60. (d) 

61. (d) 

62. (b) 

63. (a) 

64. (b) 

65. (c) 

66. (b) 

67. (d) 

68. (b) 

69. (c) 

70. (c) 

71. (c) 

. 72. (d) 

73. (a) 

74r-(a) 

75. (a) 

76. (d) 

t7r-(b) 

78. (c) 

79r-(b) 

80. (c) 


SIT 

la) 

82. 

(c) 

837 

(b) 

847 

(d) 

85. 


86. 

(d) 

87. 

(b) 

88. 

(a) 

89. 

(a) 

90. 

(b) 

91. 

(d) 

92. 

(c) 

93. 

(b) 

94. 

(c) 

95. 

(d) 

96. 

(c) 

97. 

(c) 

98. 

(d) 

99. 

(d) 

100. 

(a) 

101. 

(b) 

102. 

(a) 

103. 

(c) 

104. 

(b) 

105. 

(a) 

106. 

(b) 

107. 

(c) 

108. 

(a) 

109. 

(b) 

110. 

(d) 

111. 

(d) 

112. 

(b) 

113. 

(c) 

114. 

(c) 

115. 

(d) 

116. 

(h) 

117, 

(a) 

118. 

Yal 

119. 

fc) 

120. 

(a) 

121. 

(d) 

122. 

(a) 

123. 

(c) 

124. 

(b) 

125. 

(d) 

126. 

(b) 

127, 

(c) 

128. 

(a) ■ 

129. 

(d) 

130. 

(b) 

131. 

(a) 

132. 

(c). 

133. 

(b) 

134. 

(d) 

135. 

(d) 

136. 

(a) 

137. 

(d) 

138. 

(a) 

139, 

(c) 

140. 

(a) 

141. 

(d) 

142. 

(b) 

143. 

(b) 

144; 

(a) 

145. 

(a) 

146. 

(c) 

147. 

(c) 

148. 

(d) 

149. 

(b) 

150. 

(d) 

151. 

(b) 

152. 

(c) 

153. 

(d) 

154. 

(a) 

155. 

(b) 

156. 

(c) 

157. 

(d) 

158. 

(b) 

159. 

(c) 

160. 

(b) 

161. 

(c) 

162. 

(c) 

163. 

(b) 

164. 

(b) 

165. 

(b) 

166. 

(b) 

167. 

(d) 

168. 

(a) 

169. 

(a) 

170. 

(d) 

171. 

(a) 

172. 

(b) 

173. 

(c) 

174. 

(a) 

175. 

(d) 

" 176. 

(c) 

177. 

(d) 

178. 

(b) 

179. 

(c) 

180. 

(d) 

181. 

(a) ■ 

182. 

(c) 

183. 

(mj ■ 

184. 

(c) 

185. 

(c) 

186. 

(b) 

187. 

(b) 

188. 

(d) 

189. 

(a) 

190. 

(a) 

191. 

(d) 

192. 

(c) 

193. 

(c) 

194. 

(b) 

195. 

(d) 

196. 

(b) 

197. 

(a) 

198. 

(b) 

199. 

(b) 

200. 

(d) 

201. 

(d) 

202. 

(d) 

203. 

(a) 

204. 

(b) 

205. 

(b) 

206. 

(a) 

207. 

(b) 

208. 

(a) 
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7. 

(a, c, d) 

8. (b) 
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(a) 

10. 

(a, c) 

11. 

(a, c, d) 

12. 

(b, c; d) 

13. (a,d) 

14. 

(a, g) 

15. 

(a,b) 

16. (a, b, c, d) 

17. 

(a, c) 

18. 

(e) 

. 19. 

(a,b,d) 
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Brain Storming Problems 


' EilVif I JL V Biiii' UP liiiiiiiii? I 'JaUr I 


irr ASPIRANT! 


I- When aluminium oxide (AljOj) is electrolysed for the 
production of aluminium metal. For a given quantity of 
electricity, the number of moles of aluminium obtained if the 
volume of O 2 gas obtained is 201.6 litre measured at NTP, is: 

(a) 9 (b )6 (c)12 (d) 4.5 

201 6 

[Hint: Number of equivalents of oxygen =-^ = 36 

5.6 

(Equivalent volume of oxygen = 5.6 litre at NTP) 

Number of equivalents of A1 = 36 

_ Mass of aluminium = 36 x 9 g _ 

36 X 9 

-NumbemFmoles-of-ahHninium-=— --=45T- - 

27 

2. A smuggler could not carry gold by depositing iron on the gold 
surface since; 

(a) gold is denser 

(b) iron rusts 

■(c)'gold has higher reduction potential than iron 
d) gold has lower reduction potential than iron 

3. On electrolysis, which of the following does not give out 
oxygen? 

(a) Acidic water using Pt electrode 

(b) Fused NaOH using Pt electrode 

(c) Dilute H 2 SO 4 using Pt electrode 

(d) Dilute H 2 SO 4 using Cu electrode 

4. During electrolysis of a solution of AgNOj, 9650 coulomb of 
charge pass through the electrolytic cell; the mass of silver 
deposited on the cathode will be: 

(a) 21.6 g {b)108g (c) 10.8 g (d)1.08g 

5. An electrolytic cell contains a solution of Ag 2 S 04 and has 
platinum electrodes. A cmrent is passed until 1.6 g of O 2 has 
been liberated at anode. The amount of silver deposited at 
cathode will be: 

(a)108g (b) 1 . 6 g (c) 0 . 8 g (d) 21.60 g 

1 6 

[Hint: Nurriber of equivalents of oxygen = — = 0.2 

8 

.’. Number of equivalents of Ag deposited = 0.2 
Mass of .\g deposited = 0.2 x 108 t 21 .6 g] 

6 . In the process of electroplating, m g of silver is deposited when 
4 ampere of current flows for 2 minutes. The amount (in g) of 
silver deposited by 6 ampere of current flowing for 40 seconds 
will be: 

(a) 4m (b)| (c)^ (d) 3m 

pint; = 

W2 Q2 

1F| _ /i X 
W2 1 2 X h 

m _ 4 X 2 X 60 
6 X 40 


If four moles of electrons are transferred from anode to 
cathode in ah experiment on electrolysis of water, then total 
volume of the two gases produced at STP will be: 

(a)224L (b)72.6L (c)67.2L (d)89.4L 

[Hint: Equivalent volume of H, = 11.2 L 
Equivalent volume of O 2 = 5.6L 

Volume of and O 2 evolved by 4 moles electrons or 4 faraday 
cha r ge = 4 x 11.2 + 4 x 5.6 = - 

electrolytic cells containing Ag"^, Ni^"^ and Cr^"^ ions 
respectively, the deposited Ag (At. mass = 108), Ni (At. mass 
= 5^ and Cr (At. mass = 52) are: 


(a) -. 

(b) 

._.1.08-g -- - 

108 g 

29J-g- ■ . . 

59 g 

. J-7..T...S. 

52 g 

(c) 

108 g 

108 g 

17.3 g 

(d) 

108 g 

29.5 g 

166 g 

108 

pint ; Equivalent mass of Ag = -y- = 

108 


Equivalent mass of Ni = — = 29.5 
52 

Equivalent massof Cr =-^ = 17.3 

.-. Amount of these metals deposited by 1 faraday charge will be: 
108 g Ag, 29.5 g Ni and 17.3 g Cr respectively.] 

9. Which of the following reactions occur at the cathode during 
the charging of lead storage battery? 

(a) Pb-'" + 2c--r Pb 

(b) Pb^-" + SOf-> PbS 04 

(c) Pb-r Pb^^ + 2e- 

(d) PbS 04 + 2 H 2 O-> PbOj + 4Hr + SO 4 - + 2 e- 

10. Acurrent of2.6 amp was passed through CUSO 4 solution for 6 
minutes and 20 seconds. The amount of copper deposited is: 
(a) 0.3175 g (b) 0.003 Ig (c) 6.35 g (d) 3.175 g 

^ ItE 2.6x380x31.75 _ 

Pint: W = -=-^-= 0.32 g 1 

96500 96500 

11. In the electrolysis of fused salt, the weight of the substance 
deposited on an electrode will not depend on: 

(a) temperature of the bath 

(b) current intensity 

(c) time of electrolysis 

(d) electrochemical equivalent of the ions 

12. When an aqueous solution of sodium chloride is electrolysed 
using platinum electrodes, the ions discharged .at the 
electrodes are: 












I 


ELECTROCHEMfSTRV, 


(a) sodium and hydrogen (b) sodium and chloride 
(c) hydrogen and chloride (d) hydroxyl and chloride 

13. How many coulombs are required for the oxidation of 1 mole 
ofH202 to02? 

(a) 9.65 X 10“^ C (b) 93000 C 

(c)1.93xlO^C (d)19.3xl0^C 

[Hint; ^* 2^2 -^ 2M*^ + 2e 

1 mol HjOj = 2 mol e~ ’’ 

= 2 x 96500 C 
=193000 C 
= 1.93xlO^C] 

14. A current of 2 amp when passed for 5 hours through a molten 
salt deposits 22.2 g of metal of atomic mass 177. The 

_;Oxjdation stat e of the metal in the metal salt is: 

(al+ 1 (bj +2 (c) +3 (d)+ 4 

r iif 

[Hint; IT =- 

96500 

■ W X 96500 22.2 x 96500 ^ 

E =-=-= 59.5 

It 2 X 5 X 3600 


Equivalent mass = 


..Atomic mass 
Oxidation state 


15. When water is electrolysed, hydrogen and oxygen gases are 
produced. If 1.008 g of is liberated at cathode, what mass 


of Oj is formed at the anode? 


(a) 32 g 


(b) 16 g 


(c)8g 


(d)4g 


1,008 1.008 


where, E^ and E 2 are equivalent mass of hydrogen and oxygen 
respectively.] 

16. The cell potential (£) and the free energy change (AG) 
accompanying an electrochemical reaction are related by; 

(a) AG = nF log E (b) AG = nFE 

(c) -AG = nFE (d) -AG = nF log E 

17 . The units of conductivity are; 

(a) siemens”' cm”' (b) siemens cm 

(c) siemens cm”' (d) siemens cm”^ mol” 

Ig. The calomel electrode used as a reference electrode contains: 
(a) Pb 02 -PbS 04 mixture (b)HgCl 2 
(c) HgjClj ■ (d) ZnCl 2 

1 9 .- KCl is used in salt bridge because; 

(a) , it forms a good jelly with agar-agar 

(b) it is a strong electrolyte 

(c) it is a good conductor of electricity 

(d) the transference number of and CF ions are almost 
equal 


[Hint; Only those electrolytes are used in salt bridge whose 
ions have same transference number in agar-agar gel.] 

20. The increase in the equivalent conductance of a salt solution 
on dilution is due to increase in the: 

(a) attraction between the ions 

(b) degree of ionization of the salt 

(c) molecular attraction 

(d) association of the salt 

21. When 96500 coulombs of electricity are passed through nickel 
sulphate solution, the amount of nickel deposited will be: 

(a) 1 mol (b) 0.5 mol (c) 0.1 mol (d) 2 mol 
[Hint; 1 faraxiay deposits 1 equivalent of nickel. 

1 equivalent of Ni =1/2 mole of nickel.] 

22. (aq.) -(-3c- —Al(s); £ ° -1.66 V 

Cu^*(aq.) + 2e~ -» Cu(i); £° = -I- 0.34 V 


C\i^*(aq.) + 2e~ 


potentials? 

(a) 1.32 V (b) 2.00 V (c) 2.30 V ( 
[Hint; The cell will be: 

A1(5)I APCag-.)11 Cu^'*'(a9.)I Cues') 


/Cu 


(d) 4.34 V 


=-h 0.34 -(-1.66) = -1-2.00 V] 

23. For which of these oxidation/reduction pairs will the reduction 
potential vary with pH? 

I.AmOf/AmO^ II. AmOi^ / Am'*^ III.Am^VAm^+ 

(a) I only (bj II only 

(c) I and II only (d) I. II and III 

ftrint: 4 H* -(- AmO^* -t 2 e”-:t-Am^* -1- 2H2O 

It includes ions; hence the electrode potential depends on pH.] 

24. 2Ag‘^(a9.) +Cu(5)^=^ Cu^''‘(fl9.) + 2Ag(5) _ 

The standard potential E° for this reaction is 0.46 V. Which 
change will increase the potential the most? 

(a) Doubling the [Ag”^] 

(b) Halving the [Cu^-"] . 

(c) Doubling the size of the Cu(s') electrode 

(d) Decreasing the size of the Ag electrode by one-half 

25. 1 OCl ” (aq .) -I- 2 Mn 04 (a^.) -t 1 bH^ {aq .) ^ 5 CI 2 (g ) 

-H2Mn^^(a^.)-f 8H20(/) 

The value of E° for this reaction is 0.15 V. What is the value of 
the equilibrium constant {K ) for this reaction? 

(a) 2.4 X 10^^ (b) 4.9 x itf^ (c).l .2 x 10* (d) 3.4 x 10^ ; 

Oh,' rtf; ■ K = antilog ■■ ■ • 


: antilog 


10x0.15 

0.059 


= 2.4x10^^] 

26, What takes place when zinc metal is added to an aqueous 
solution containing magnesium nitrate and silver nitrate? 
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electrochemical cell for which 


1. Zn is oxidised 2. is reduced 

3. is reduced 4. No reaction takes place 

(a) 1 and 2 only (b) 1 and 3 only 

(c) 1, 2 and 3 only (d) 4 only 

27. In the galvanizing process, iron is coated with zinc. The 
resulting chemical protection is most similar to that provided 
when: 

(a) a magnesium bar is connected to an iron pipe 

(b) an iron can is plated with tin 

(c) copper pipes are connected using lead solder 

(d) a copper pipe is covered with epoxy paint 

28. What is the sign of AG° and the value of K for an 
electrochemical cell for which = 0.80 V? 

AG° K 

(a) _I_>1_ 

_(b)_+_>J_ 

(c) + <1 

(d) - <1 

29. ‘Consider a voltaic cell based on these half-cells: 

Ag^(aq.) + e- Ag(s); = f 0.80 V 

"T + 2e“ T'fiOV'.. ' 

Identify the anode and give the voltage of this cell under 
standard conditions. 

(a) Ag; = 0.40 V (b) Ag; = 2.00 V 

(c) Cd; = 1.20 V (d) Cd; = 2.00 V 

DMint: Anode has lower standard reduction potential; thus Cd 
will be considered as anode. 

■^^11 “■ ^Cathode “ ^Anode 

= 0,80-(-0,40)= 1.20 V] 

30. If the ii^i, for a given reaction has a negative value, which 

gives the correct relationships for the values of AG ° and ? 
(a) AG° > 0; < 1 (b) AG° >0;K^>\ 

(c) AG° <0;K^>1 (d) AG° <0;K^<\ 

31. Which of the following solutions is used as an ^ti-rusting 
solution? 

(a)Na 2 S 04 {b)Na 3 P 04 (c)Na 3 B 03 {d)Na2S 

32. The.pressure of hydrogen gas is increased from 1 atm to 100 
atm. Keeping the (1 M) constant, the voltage of the 
hydrogen half-cell at 25°C will be: 

(a) 0.059 V (b) 0.59 V (c) 0.0295 V (d) 0.118 V 

33. Efficiency of the following cell is 84%. 

A(s) + B^^ (aq .) (aq .) + A// = - 285 kJ 

Then the standard electrode potential of the cell will be: 

(a) 1.20 V (b) 2.40 V ' (c) 1.10 V (d) 1.24 V 

ni- -nFE° 

[Hint: Efficiency =-=- 

AH° AH° 

2x£°x96500 

0.84 =- 

-285 X 1000 

. £'°=+1.24V] 


34. A chemical reaction will be spontaneous if: 

(a) is positive (b) AG° is negative 

(c) reaction quotient, Q<K (d) is negative 

35. Match the List-I with List-II : 


List-I (Electrode) 


Llst-II (Type) 


1. 

Calomel 


(A) Reference 


2. 

Glass 


(B) Redox 


3. 

Hydrogen 


(C) Membrane 


4. 

(Juinhydrone 


(D) Gas 


Codes: 




(a) 

1-A 

2-C 

3-D 

4-B 

(b) 

1-B 

2-A 

3-D 

4-C 

(c) 

1-C 

2-B 

3-A 

4-D 

(d) 

1-D 

2-A 

. ■ 3-C ' 

4-B 


36. The conductivity of saturated solution of BaS 04 is 
3.06 X 10“® mho cm”’ and its equivalent conductance is 1.53 


mho cm eq ‘. The for BaS 04 will be: 


{a)4xl0”‘^M (b)4xlO®M' 

(c)4 x_10”'nT^ _ (d) 4 X 10”^ __ 

37. The standard reduction potential of hydrogen is zero because: 

(a) it is assumed 

(b) hydrogen is easiest to oxidise 

(c) hydrogen has single electron 

(d) hydrogen is electronegative 

In the following three questions, three statements I, II and III are 
given, Mark: 

(a) if all the statements are correct 

(b) if II and III are correct- 

(c) if l and III are correct 

(d) if only II is correct [BHU (Mains) 2007J 

38. 1. Conductance of electrolyte solution increases with 

temperature. 

II. Resistivity is reciprocal of molar conductivity of 
electrolyte. 

III. Cell constant has unit cm”’. 

(a) (b) (c) (d) 

39. I. The conductivity of molten NaCl is due to movement of 

Na’’ and Cl ” ions. 

II. Solid NaCl is also conductor of electricity. 

III. Molten sodium is a good conductor because of mobile 
electrons. 

(a) (b) (c) (d) 

40. I. Cathode is -ve terminal both in electrochemical and 

electrolytic cells. 

II. Reduction occurs at cathode both in galvanic as well as 
electrolytic cells. 

III. Chemical charge in electrolytic cell is non-spontaneous. 

(a) (b) (c) (d) 
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41. 


In an experiment, 0.04 F was passed through 400 mL of a 1M 
solution of NaCl. What would be the pH of the solution after 
the electrolysis? [PMT (Kerala) 2007| 

(a) 8 ■ (b)10 (c)13 (d )6 

(e)9 

[Hint: Electrolysis of aq. NaCl gives hydrogen gas at 
cathode and oxygen gas at anode, the electrolyte solution 
contains NaOH after electrolysis. 

Number of equivalents of NaOH formed = 0.04 



is positive in alkaline solution, therefore, it is 

easier to oxidise Fe^* to in alkaline medium.] 

45. Dipping iron article into a'strongly alkaline solution of sodium 

phosphate; (VITEEE 2008) 

(a) does not affect the article. 

(b) .forms FcjOj •JCH 2 Q on the surface 

(c) foniK iron phosphate film 

(d) forms ferric hydroxide 

46. For the redox process, 

Zn(s)+ Cu^* Zn^"" + Cu(s)£:°,„ ='+ 1.10 V 


[PH;“] = 0.1M which graph correctly represents (F-axis) as a function of 

pOH=l .-.pH =13] log tt^axis)^ 

42. An alloy Of Pb-Ag weighing 1.08 g was dissolved in dilute ® [Cu^"^] ' . 

HNO 3 and the volume made to 100 mL. A silver electrode was 



. 47. A fuel cell involves combustion of the butane at 1 atm and 

[Ag ] = 0.05Af 298 K 


Number of moles of Ag^ in 100 mL 


MV _ 0.05 X 100 
1000 ~ 1000 


0.005 


Mass of silver = 0.005 x 108 g 

Percentage of Ag m 1.08 g of alloy =--= 50%] 

43. Select the correct statements about dry cell: 

(a) It is also called Leclanche cell 

(b) It is also called Daniell cell 

(c) Electrolyte used is moist paste of NH4CI and ZnCl 2 

(d) Cathodic process is: 

2Mn02(s) + 2NHj(ag.) + 2e“ —> MnjOjCs) + 2NH3(g) 

+ H20(/) 

44. Given the standard oxidation potentials. 


Fe^”^ {aq .) 


Fe^"^ {aq .) 


Fe(OH )2 


Fe(OH)3 


It is easier to oxidise Fe^^ to in: 

(a) acid medium 

(b) alkaline medium 

(c) neutral medium 

(d) both in acidic and alkaline mediums 


C 4 H,o(g)+M 03 (g)->4C02(g)+5H20(/) 

AG° =- 2746 kJ/mol 

what is E° of a cell ? 

(a) + 4.74 V (b) + 0.547 V (c) +1.09 V (d) + 4.37 V ^ 
[Hint: In the reaction 

-* 10+ 10 I •> +4-4 

C 4 H ,0 (g) + - 02 (g)- 4COM + 5H20(0 

Change in oxidation number of carbon = + 16 - (- 10) = + 26 
Number of electrons involved in cell process will be 26. 

■' E° - ^ 

' ~ nF ~ 26x96500 

= +1.09 V] 

48. Molar conductance A„ is plotted agains -Jc (mol litre“') for 
three electrolytes (NaCl, HCl, NH 4 OH) 
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which of the following is correct ? 



1 

'2 

3 

(a) 

NaCl 

HCl 

NH 4 OH 

(b) 

HCl 

NaCl 

NH 4 OH 

(c) 

NH 4 OH 

NaCl 

HCl 

(d) 

NH 4 OH 

HCl 

NaCl 


49. In the concentration cell 

H.4(0.1M) UA{\M) 

Na^(tM.) ^ 

(pK^ of M = 4) 

Cell potential will be: 

(a) 0.03 V (b) 0.06 V (c)-0.06 V (d)-0.03 V 
, ■ 0.0591, [H*] Cathode 

- r'° ^« "WTsar - 

^ceii = 0.06 [pH Anode - pH Cathode] 
pH Anode = pK^ + log [114 ] = 4 + log ^ = 3 

pH Cathode = 4 (fromeq. 1) 

0.06 V] 

50. In the following process of disproportionation:—.— 


CIO 2 + CIO 4 CJOJ/CIOj 

Per chlorate E 

ion CIO3/CIO2 


: +0.36 V 
: + 0.33 V 


Initial concentration of chlorate ion was 0.1 M. The 
equilibrium concentration of per chlorate ion will be : 

(a) 0.19 V (b)O.lM (c) 0.024 M (d)0.019M 
[Hint: 

C10i(a^.) + HjOCi)-^ C 104 (a 9 .) + 2H'" {aq.) + 2e- 

2H+ + ClOJCaf.) + 2e--> C10i(a^.') + HjOCI) 

2ClOl(aq.)^=^ ClOHaq.) + ClO^iaq.) 


Elai =0.33-0.36 =-0.03 V 
0.059 

E = E° --logg 

, n 

At equilibrium, £ = 0, n = 2, Q=K 

„ „ 0.059 , 

0 = - 0.03- - — log K 

logK = -l 

. • :: . : 


2ClQi (#) tF^ ClO^Co^.) 
0.1 0 

0.1-2.x X 

XXX _ 1 

^ -(o,r-2x)^““iO' 

x= 0.019] 


a02(aq.) + ClO-i{aq.) 



1. 

(c). 

2. 

(c) 

■ - 3 . 

(d) 

4. 

(c) 

5. 

(d) 

6. 

(b) 

7. 

(c) ■ 

8. 

(a) 

9. 

(d) 

10. 

(a) , 

11. 

(a) 

12. 

(c) 

13. 

(c) 

14. 

(c) . 

15. 

(c)' 

‘ 16. 

(c) 

17. 

(c) 

18. 

(c) 

19. 

(d) 

20. 

(b) 

21, 

(b) 

22. 

(b) 

23. 

(b) 

24. 

(a) 

25. 

(a) 

26. 

(b) 

27. 

(a) 

28. 

(a) 

29. 

(c) ■ 

30. 

(a) 

31. 

(b) 

32. 

(d) 

33. 

(d) 

34. 

(a, b, c, d) 

35.^ 

(a) 

36. 

■(d) 

37. 

(a) 

38. 

(c) 

39. 

(c) 

40. 

(b) 

41. 

(c) 

42. 

(^) 

■ 43. 

(a, c, d) 

44. 

(b) 

45. 

(c) 

46. 

(b) 

47. 

(c) 

48. 

(b) 


49. (c) .. 50. (d) ■ 
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Integer Answer TYPE QUESTIONS 


This section contains 10 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question numbers 
X, Y, Z and W (say) are 6,0,9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figiue : 


X Y Z W 

® (D® (D 

® ®® ® 
@ @ ® @ 
® ®® ® 

® ® © O 


1. How many grams of water will be electrolysed by 96500 
coulomb charge? 

2. Number of faradays required to convert 1 mole of Cr 207 ^ into 
Cr^"^ ions is : 

3. At what pH the potential of hydrogen electrode will be 

^ icro59rvr ^ " r 


4, The ratio of J equal to : 

5. 12 ( 5 )/ r (0.1 M) half-cell is coimected to rf"(a^)/(H 2 1 atm) 

Pt half-cell and its cell potential is found to be 0.7714 V. If 
£° = 0,535 V, the pH of H^ / H 2 half-cell will be : 


6 . If an aqueous solution of NaCHs electrolysed using platinum 
electrode by a current of 5 amp, then what volume of CI 2 gas 
in litres at STP will be produced? 

1. Charge of 6.24 x itf^ elecbons will be (in coulomb): 

8 . A current of 2 amp-when passed for 5 hour through a molten 
salt deposits 22.2 g of metal of atomic mass 177. The positive 
oxidation state of the metal in the metal salt is: 

9. ^ Cr(j)|Cr^"-||Fe^""|'Fe(j) 

In above cell, the value of n in the Nemst equation: 

Le., E = E°- logjoQ will be : 
n 

10. In the Nemst Equation, 

___2MMr. -.^_ 

._ hE _^_ 

Q will be equal to the equilibrium constant when the cell 
potential E is equal to : 
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m ImiKHi' 


Passage 1 


In a lead storage battery, Pb (anode) and Pb02 {cathode) are 
used. Concentrated H 2 SO 4 is used as electrolyte. The battery holds 
3.5 litre acid with it. In the discharge process, the density of acid fell 
from 1.294 to 1.139g/mL. The sulphuric acid of density 1.294 g 
is 39% by mass and that of density 1 .139 g/mL is 20% by mass. 
Answer the following questions: 

1. Equivalent mass of sulphuric acid in lead storage battery is: 

(a) 49 (b)98 

(c) 24.5 (d) none of these 

2. Normalities of sulphuric acid before and after discharge are: 
(a) 5.15,2.32 (b) 2.32,5.15 (c) 5.15, 5.15 (d) 2.32,2.32 

3. The number of ampere-hours for which the battery must have 
been used is: 

(a) 26504 amp-hrs (b) 2650.4 amp-hrs 

(c) 265.04 amp-hrs (d) 26.504 amp-hrs 

4. The amount of charge which the battery must have been used 
is: 

(a) 9.88 F (b)8.98F (c)8.89F (d) 7.88 F 

5; Which of the following takes place in discharge-process at 
anode? 

(a) PbOj -I- 4H^ + 804 " 4- 2e- -> PbS 04 + 2 H 2 O 

(b) PbS04 -H 2 H 2 O-> Pb02 -I- 4ir -L SOj“ -i- 2e- 

(c) Pb -H SO^-> PbS 04 -I- 2c- 

(d) PbS 04 -I- 2e'-> Pb - 1 - SO^ 


Pb -I- SO^ 


• Passage 2 

Electrolysis is the process in which electrical energy is converted 
to chemical energy. In electrolytic cell, oxidation takes place at 
anode and reduction at cathode. Electrode process depends on the 
electrode taken for electrolysis. Amount of substance liberated at an 
electrode is directly proportional to the amount of charge passed 
through it The mass of substance liberated at electrode is calculated 
using the following relation: 

ItE 

m = - 

96500 

Here, E represents the equivalent mass and 96500 C is called the 
Faraday constant Faraday (96500 C ) is the charge of 1 mole 
electron, i.e., 6023 X 10^^ electrons; it is used to liberate one gram 
equivalent of the substance. 

Answer the following questions: 

1 . The platinum electrodes were immersed in a solution of cupric 
sulphate (CUSO 4 ) and electric current is passed through the 
solution. After sometime, it was observed that the colour of 
copper sulphate disappeared with evolution of a gas at the 
electrode. The colourless solution contains: 

(a) platinum sulphate (b) copper nitrate 

(c) copper sulphate (d) sulphuric acid 

2 . The passage of current liberates Hj at cathode and Cl 2 at 
anode. The solution is: 

(a) copper chloride in water (b) NaCl in water 
(c) mercuric chloride in water(d) AuClj in water 


3. On •electrolysis of dilute sulphuric acid using platinum 
electrodes, the product obtained at the anode will be: 

(a) hydrogen (b) oxygen 

(c) hydrogen sulphide (d) sulphur oxide 

4. How many faradays are required to reduce 1 mol BrOj to 
Br-? 

(a) 3 (b) 5 (c) 6 (d) 4 

5. Calculate the volume of gas liberated at the anode at STP 
during the electrolysis of a CUSO 4 solution by a current of 1 A 
passed for 16 minutes and 5 seconds: 

(a)224'mL (b)56mL {c)112mL (d)448mL 

[Hint: At anode: 20H--^ H 2 O +^ 62 + 2e- 

(Oxygen gas is evolved) 

Equiyalent volume of oxygen = 5.6 litre 

ItV, 1x965x5.6x10^ 

V= - 1-- -^-= 56mL] 

96500 96500 

6 . The quantity of electricity required to liberate 112 cc hydrogen 

, .. at S.T.P from acidified water is:...,_ 

[Cotned (Karnataka) 2008] 

(a)965C (b)9650C (c) 96500 C' (d)4825-C 

• Passages 

The concentration of potassium ions inside a biological cell is at 
least twenty times higher than the outside. The resulting potential 
difference across the cell‘is important in several processes such as 
transmission of nerve impulses and maintaining the ion balance. A 
simple model for such a concentration cell involving a metal M is: 
Mis) I M*(aq. 0.05 molar)\\M* (aq; 1 molar) | Mis) 

For the above electrolytic cell, the magnitude of the cell potential 
|£,,„| = 70mK 

Answer the following questions: 

1. For the above cell 

(a) < 0, AG > 0 (b) > 0; AG < 0 

(c) < 0, AG° > 0 (d) £„ii > Oi 0 

2. If the 0.05 molar solution of is replaced by a 0.0025 molar 

M* solution, then the magnitude of the cell potential would 
be: 

(a) 35 mV (b) 70 mV 

(c) 140 mV (d) 700 mV [IIT2010] 

|Hlnt: 1 (b) Electrolyte concentration cell will be spontaneous 

when the concentration in cathodic half cell is greater than that of 
anodic half cell. Thus, the given cell is spontaneous hence 
AG < 0, E'jgii > 0 

2 . (c) = 0 , for every concentration cell 

IT _ A 0‘059,^^[Af 


[M 


-log[0.0025] 


= -1-153 mV 
It is close to 140 mV.] 










Electrochemistry 


861 


• Passage 4 


• Passage 5 


The driving force AG /diminishes to zero on the way to 
equilibrium, just as in any other spontaneous process. Both AG and 

the corresponding cell potential \e = - ] are zero when the 

nF) 

redox reaction comes to equilibrium. The Nemst equation for the 
redox process of the cell may be given as: 

E = E°-^\ogQ 
n 

The key to the relationship is the standard cell potential E ° derived 
from the standard free energy change as: 

AG° 


Conductors allow the passage of electric current through them. 
Metallic and electrolytic are the two types of conductors. Current 
carriers in metallic and electrolytic conductors are free electrons 
and free ions respectively. Specific conductance or conductivity of 
the electrolyte solution is given by the following relation: 

I 

K = C X — 

A 

where, c=\l R is the conductance and H A is the cell constant 
Molar conductance (A„ ) and equivalence conductance (A^ ) of an 
electrolyte solution are calculated using the following similar 
relations: 

. 1000 


At equilibrium, the Nemst equation is given as: 


A, = K X ■ 


Answer the following questions: 

1. On the basis of information available for the reaetion: 


4 

- A1 + Oj 

-3-- 


- AljO,; AG = - 827 kJ / mol of O, 


the minimum emf required to earry out an eleetrolysis of 


AI 2 O 3 is: 


(Given: 1 F = 96500 C) 

(a) 2.14 V (b) 4.28 V (c) 6.42 V 


(d) 8.56 V 


Al-— >A\^*+3e- 

4 4. 

— mol Al s - X 3 mol e 
3 3 

= 4 mol e~ 


AG = -nFE 


-827 X 1000 = - 4 X 96500 x E 
£■ = 2.14 V] 

2. The equilibrium constant will be equal to Q, when; 

{a)E = E° (b)RT/nF = l 

(c)£ = 0 (d)£° = l 

3. The nature of graph of i’jgu against log is a/an: 

(a) straight line (b) parabola 

(c) hyperbola (d) elliptical curve 

4. The equilibrium constant for the reaction: 

Cu{s) + 2Ag^ {aq.)^ Cu'^ (aq.) + 2Ag(s) (£:,„ = 0.46 V) 
will be: 

(a) antilog 15.6 (b) antilog 2.5 

■ (c) antilog 1.5 (d) antilog 12.2 

5. Js for rhe electrochemical cell, 

Zn(5) I Z,' (1 M) aq. II Cu^^(l M) aq. I Cu(s) is 1.10 volt at 

25°C. 

The equilibrium constant for the cell reaction: 


Zn(s)+ Cu‘-"(a 9 .)^=iCu(s)+ Zn""(a^.) 


will be: 
(a) 10 "” 


(b) 10 ^^ 


(d)lO^® 


where, M and~N are the molarity and normality of the solution 
respectively. Molar conductance of strong electrolyte depends on 
concentration: 

where, A'^ = molar conductance at infinite dilution 
“ ''c~=l:oncentfatioirdf the solution 
b = constant 

The degrees of dissociation of weak electrolytes are calculated 


Answer the following questions: 

1. Which of the following decreases on dilution of electrolyte 
solution?. 

(a) Equivalent conductance . (b) Molar conductance 
(c) Specific conductance (d) Conductance 

2. The correct order of equivalent conductances at infinite 
dilution of LiCl, NaCl and KCl is: 

(a) LiCl > NaCl > KCl (b) KCl > NaCl > LiCl 

(c) NaCl > KCl > LiCl (d) LiCl > KCl > NaCl 

3. For which of the following electrolytic solutions A„ and A^ 
are equal? 

(a)BaCl 2 (b)KCl (c) Al 2 (S 04)3 (d) CaClj 

4. The conductance of a solution of an electrolyte is equal to that 
of its specific conductance. The cell constant of the 
conductivity cell is equal to: 

(a) resistance (b) faraday 

(c) zero (d) unity 

5. Which of the following equality holds good for the strong 
electrolytes? 

(a) A = A° as c —> 1 (b) A = A° as c —> 0 

(c) A = A° as c —> oo (d) A = A° as c —> 4b 

• Passage 6 

At infinite dilution, when the dissociation of electrolyte is 
complete, each ion makes a definite contribution towards the molar 
conductance of electrolyte, irrespective Of the nature of the other ion 
with which it is associated. 
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The molar conductance of an electrolyte at infinite dilution can 
be expressed as the siim of the contributions from its individual ions. 
AfB^ - >xA^^ + yB^- 

where, x and y are the number of cations and anions respectively. 
The degree of ionisation ‘a ’ of weak electrolyte can be calculated 


Answer the following questions: 

1 . The ionic conductances of Al^"^ and 804 “ ions at infinite 
dilution are x and y ohm“' cm^ mol”* respectively. If 
Kohlrausch’s law is valid, then molar conductance of 
aluminium sulphate at infinite dilution will be: 

“ (a) 3x + ly (b) 3y + 7x (c) 2x + 2y (d^Tx + 3y ~ 

T. TteTnotar~condnctances“atiiifiniteTliintron'for electrolytes^ftf 
and are 140 and 120 ohm”* cm^ mol”*. If the molar 
conductance at infinite dilution otBX is 198 ohm”* cm^ mol”*, 
then at infinite dilution, the molar conductance of CX is; 

(a) 178 (b)198 (c)218 (d) 130 

-iHint:.- ---~ - - 

= 120+ 198-140 = 178] 

3 . The molar conductance of 0.001 M acetic acid is 50 ohm”’ 
cm^ mol”*. The maximum value of molar conductance of 
acetic acid is 250 ohm”* cm^ mol”’. What is the degree of 
dissociation (a) of acetic acid? 

(a)0.5 . (b)0.2 (c)0.3 (d)0.4 

4. Which of the following solutions will have highest value of 
tlie molar conductance of CH 3 COOH? 

(a)lMCH 3 COOH (b) 0.5 MCH 3 COOH 

(c) 0.3MCH3COOH (d) 0 . 1 MCH 3 COOH 

5 . The unit of molar conductance of an electrolyte solution will 

be: ■ 

(a) ohm”’ cm^ moF* (b) mho cm^ mol”* 

(c) S cm^ mol”' (d) ohm”' cm”* mol”* 

• Passage 7 

The potential associated with each electrode is known as 
el^trode potential. If the concentration of each species taking part 
in the electrode reaction is unity {if any appears in the electrode 
reaction, it is confined to 1 atmospheric pressure) and further the 
reaction is carried out at 298 K, then the potential of each electrode 
is said to be the standard electrode potential. By convention, the 
standard electrode potential of hydrogen electrode is 0.0 volt The 
electrode potential value for each electrode process is a measure of 
relative tendency of the active species in the process to remain in the 
oxidised/reducedform. A negative E ° means that the redox couple ts 
a stronger reducing agent than the //'* / H 2 couple. A positive E ° 
means that the redox couple is a weaker reducing agent than the 
H* IH 2 couple. The metal with greater positive value of standard 
reduction potential forms the oxide of greater thermal stability. 
Answer the following questions: 

1 . Given the standard reduction potentials, 

= - 2-93 V, = + 0.80 V, = 0.79 V 


=-2-37 0.74 V. 

' - i' 

The correct increasing order of reducing power is: 

(a) K > iHg > Cr > Hg > Ag (b) Ag > Hg > Cr > Mg > K 

(c) Mg > ,K > Cr > Hg > Ag (d) Cr > Hg > K > Mg > Ag 

2. Which of the following oxides will be thermally most stable? 

(a) ZnO. (b) MgO (c) Cu 2 O (d) Ag 20 

3. Which of the following reactions is not correct? 

(a) Zn + H 2 SO 4 -—> ZnS 04 + H 2 

(b) Fe + H 2 SO 4 - > FeS 04 + H 2 

. (c) Mg + H 2 SO 4 —^ MgS 04 + H 2 

(d) Cu + H 2 SO 4 -> CUSO 4 + H 2 

4 . ^hich of the following couples will have highest value of 
emf ? 

(a) Mg 1 Mg^-" 11 Ag-* / Ag (b) Zn 1 Zn^-* II Cu^-* I Cu 

(c) Zn I Zn^-* II Ag-^ / Ag (d). Cu I Cu II Ag-^ I Ag 

5 . Which of the following metals will not displace hydrogen 
from water? 

(a) Mg' (b) Zn (c) Sn (d) Ag 

• Passages 

Chemical reactions involve interaction of atoms and molecules. A 
large number of atoms/molecules {approximately 6.023 x 10^*) are 
present in a few grams of any chemical compound varying with their 
atomic/molecular masses. To handle such large numbers 
conveniently, ,the mole concept was introduced, This concept has 
implications in diverse areas such as analytical chemistry, ■ 
biochemistry, electrochemistry and radiochemistry. The following 
example illustrates a typical case, involving 
chemical/electrochemical reaction, which requires a clear 
understanding of the mole concept. 

A 4.0 molar aqueous solution of NaCl is prepared and 500 mL of 
this solution is electrolysed. This leads to the evolution of chlorine 
gas at one of the electrodes {Atomic mass : Na = 23; Hg = 200; 

1 Faraday - 96500coulombs).' (flT 2007) 

Answer the following questions: 

1 . The total 'number Of moles of chlorine gas evolved is: 

(a) 0.5 (b)l.O .(c)2.0 (d) 3.0 

XT u r T f XT 3/F 4 X 500 , 

[Hint: Number ot moles ot NaCl =-=-= 2 

1000 1000 

2Cr->Cl 2 + 2e” 

2 mol Cl” ions give 1 mol CI 2 ] 

2 . If the cathode is a Hg electrode, the maximum weight (in g) of 
amalgam formed from this solution is: 

(a) 200 (b)225 (c)400 (d) 446 

[Hint: Electrolysis gives 2 mol sodium at cathode. Thus, ‘ 
amalgam (Na / Hg) will contain 2 mol of each sodium and Hg. 
Mass of amalgam = 2 x 200 + 2 x 23 = 446] 

3 . The total charge (in coulombs) required for complete 
electrolysis is: 

(a) 24125 (b) 48250 (c) 96500 (d) 193000 

Jfint: 2 mol electrons will be required, therefore, required 

charge will be 2 faraday or 193000 coulombs.] 
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Passage 1. 

1 . (b) 

2 . (a) 

3. (c) 

4. (a) 

• 5. (c) 

Passage 2. 

1 . (d) 

2 . (b) ■ 

3. (b) 

4. (c) 

5. (b) 

Passage 3. 

1 . (b) 

2 . (b) 

. 3. (a)' 


5. (a) 

Passage 4. 

1 . (a) 

2 . (c) 

. 3. (a) 

. ■ '‘1 4. (a) 

5. (b) ■ 

Passage 5. 

1 . (c) 

2 . (b) 

3. (b) , 

. 4. (d) 

_ 5. (b) 

Passage 6. 

l.'(b) 

2 . (a) 

3. (b) 

,; 4. (d) 

5 . (a, b, c) 

Passage 7. 

1 . (a) 

2 . (d) 

3. (d) 

. 4. (a) 

5 . (d) 

Passage 8. 

1 . (b) 

2 . (d) 

3. (d) 





SECTION-! 

Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. The specific conductance (k) of an electrolyte of O.IA^ 

concentration is related to equivalent conductance (A^ )by the 
following formula: |CET (J&K) 2007] 

(a)A<, = K (b)A^ = 10K 

(c)A, = 100k (d)A^ = 10000k 

2. The standard values of A,B and C are +0.68 V, 
- 2.54 V, - 0.50 V respectively. The order of their reducing 
power is: , 

(MHT-CET 2007) 

{a) A > B > C (h) A > C > B{c)C > B > A (d) B.> C> A 

3. In the electrochemical reaction, 

2Fe^+ + Zn-> Zn^-" + 2Fe^-^, 

increasing the concentration of Fe^"^: (JEE (WB) 2007] 

(a) increasing the cell emf 

(b) increasing the current flow 

(c) decrease the cell emf 

(d) alter the pH of the solution 

4. Fully charged lead storage battery contains 1.5 L of 

5 M H 2 SO 4 . If 2.5 amp of current is taken from the cell for 
965 minutes, then what will be the molarity of remaining 
H 2 SO 4 ? Assume that volume of battery fluid to be constant: 
(a)4M (b)3.5M (c)2M (d)4.25Af 

5. In a hydrogen-oxygen, 67.2 litre of H 2 at STP is used in 
15 >^tniites. What is the average current produced? 

(a) 549.4 amp (b) 643.33 amp 

(c) 965 amp (d) 129.8 amp 


6 . 


The cell reaction involving quinhydrone electrode is: 
OH O 




+ 2H* ■+ 2e~; £'° = 1.30 volt 


OH O 


What will be the electrode potential at pH = 3 ? . 

(a) 1.48 V (M.20V (c)l.lOV (d) 1.30 V 




= 1.30+0.0591 x3 =1.48 V ] 

The standard reduction potential E° for OCl" / Cl" and for 
Cr /I/ 2 CI 2 are 0.86 V and -1.10 volt respectively. The E° 
value of OCr / I/ 2 CI 2 will be: 

(a) + 1.96V (b)-1.96V (c) + 0.24V (d)-0.24V 

[Hint: 

OCr + HjO + e"-r Cl" + 20H" = 0.86 V 

cr—,ici2 + c- 1.10 V 


ocr + HjO 


ia, + 20H- 
2 . ^ 


£’“ = 0,86+ (-1.10) 


= -0.24V] 

8 . The standard reduction potential for the following, two 
' . reactions .are given: 

AgCl + e"-> Ag(j) + Q" (aq.); E° = 0.22 V ...(i) 

Ag"^ (aq.) + e"- >Ag(s) - E° = 0.80 V ...(ii) 

The solubility, prciduct of A^l undw standard condition will be: 
(a)1.613xl0"^ (b) 1.535 X 10"® 

(c) 3.213 X 10"*“ (d) 1.535 x 10"'“ 
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[Hint: From eqs. (i) and (ii), 

AgCl(f) Ag^ + Cl-; = 0.22 - 0.80 = - 0.58 V 
^ 0.0591.,_ - 




0 = -0.58 


^log[Ag^][Cr] 

0.0591,. .A 
—— log[Ag"^][Cl ] 


= [Ag^ ],[a-] =1.535 X10-'® ] 

9. The equilibrium constant for the reaction, 

Cu( 5 ) + Cu (aq .) 2Cu'' (aq .) 


= 0.34 V 

Cu^*/Cu 


■“Cu^+/Cu 


:0.15 V 


(Given; log 3.72= 0.571) 

(a) 3.72x10-* (b) 3.72x10"* 

(c)3.72xlO"V (d) 3.72x10"* 

10. Cations absorb 6.023 x 10^^ electrons for thei^i^dnction. Hpw 

many equivalents of the ion are reduce^? ’ __ 

(a) 0.1 (b)O.Ol , (c) 0.001 (d) 0.0001 

SECTION-II 

Multiple Answers Type Objective Questions 

11. In an electrolytic cell: 

(a) ^ode is positively charged 

(b) cathode is negatively charged 

(c) oxidation takes place at anode 

(d) reduction takes place at cathode 

12 . One gram equivalent of a substance is liberated at an electrode 
by; 

(a) 6.023 X10^* electrons 

(b) 96500 C 

(c) 1 amp current for 1 second 

(d) 1 amp current for 96500 sec 

13. If 9 ^ H 2 O is electrolysed completely with the current of 
50% efficiency then; 

(a) 96500 charge is required 

(b) 2 X 96500 C charge is required 

(c) 5.6 L of O 2 at STP will be formed 

(d) 11.2 L of O 2 at STP will be formed 

14. A galvanic cell involves the following reaction: 

Zn(r)+ 2Ag''‘(a^.)?=^ («?■)+ 2Ag(j:) 

Select the correct statements among the following: 

(a) Zinc is negatively charged 

(b) The given redox process is spontaneous 

(c) Ag''' + e"-> Ag, takes place at anode 

(d) Zn(s)-> Zn^''’ + Zc", takes place at cathode 

15. Given that, 

£1,.0.25 V, 


: + 0.80 V 


“Ag-"/Ag ■ ■ ■"Zn^-'/Zn 

Which of the following redox processes will not take place in 
specified direction? 

(a) Ni^* (ag.) + Cu(r)-> Ni{j) + Cu^-" (of.) 

(b) Cu(s) + ZAg* (a?.)-> Cu^-" (a^.) + 2 Ag( 5 ) 


-0.76 V 


(c) Cu(s) + 2H'-(a^.)- 

(d) Zn(s)-t2ir(a^.) 


Cu^”^ (aq.) + H 2 (g) 
. Zn^* iaq.) + H^ig) 


SECTION-III 

Assertion-Reason T^pe Questions 

This section contains 6 questions. Each question contains 
Statement-! (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement- 1 . 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
■ a correct explanation for statement- 1 . 

(c) Statement-1 is true; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 


electrodes. 

Because 

Statement-2: In the electrolysis of water, two faraday of 
charge will produce half mole of H 2 gas and one fourth mole 
of O 2 gas. 

17. StMefffeTft-1: A^psous^dlutSbiTBf'CuSOjtums coloufless- 0 ^ 
complete electrolysis using, platiniun electrode. 

Because 

Statement-2: CUSO 4 is converted to Cu(OH )2 on electrolysis. 

18. Statement-1: Sodium ions are discharged at a mercury 
cathode in preference to hydrogen ion. 

Because 

Statement-2: Na^ is stronger reducing agent than H'’. 

19. Statement-1: KCl and NH 4 CI cannot be used in salt bridge of 
a cell containing Ag"'", Hg|''' and Tl''' ions. 

Because 

Statement-2: Cell will be destroyed due to precipitation of 
metal chlorides. 

20. Statement-1: The voltage of mercury cell remains constant 
for its life time. 

Because 

Statement-2: Overall cell reaction does not involve any ion. 

21. Statement-1: In alkaline version of dry cell, NH 4 CI is 

replaced by KOH. . 

Because 

Statement-2: Zinc container does not undergo corrosion in 
alkaline medium. 

SECnON-IV 

Matrix-Matching Type Questions 

■ This section contains 3 questions)^ .Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in CoIumn-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correct bubbled 4x4 matrix should be as follows: 
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p q 


a 0 

@ 

© 

0 

b'® 

0 

0 

0 

c 0 

0 

0 

© 

d® 

@ 

0 

e 


22. Match the Column-I with Column-II: 


Coiumn-I 

(a) Nickel-Cadmium cell 

(b) Lithium battery 

(c) M 2 - O^c^ , 
^■d')-i:ead-storage-battery 


Column-U 

(p) Used in auto vehicles 

(q) Secondary cell 
"ttt'FueLcett 

(s)-Used-irr-Apolio^pace-craft- 


23. Match the Column-I with Column-II: 


Column-1 Column-II 

(a) Specific conductance, K (p) A', / A°, 

(b) Molar conductance, A,„ (q) Decreases with dilution 

(c) Resistance of electrolyte (r) Increases with dilution 
solution, R 

(d) Degree of ionization of (s) Increases with increase 

weak electrolyte, a the distance between ps 


(d) Degree of ionization of (s) Increases with increase in 
weak electrolyte, a the distance between parallel 

plates 

24. Match the Column-I with Column-II: 


Column-I 

(a) Concentration cell 

(b) Edison cell 

(c) Mercury cell 

(d) Dry cell 


CoIumn-Il 

(p) Fe is oxidised by Ni 203 

(q) Zinc anode 

(r) HgO cathode 

(s) £:° = o 


SECTION-V 

Linked Comprehension T^pe Questions 

Redox reactions play a pivotal role in chemistry and biology. 
The values of standard redox potential (E °) of two half-cells 
reactions decide which way the reaction is expected to 
proceed. A simple example is a Daniell cell in which zinc goes 
into solution and copper gets deposited. Given below are a set 
of half-cell reactions (acidic medium) along with their E° (V 
with respect to normal hydrogen electrode) values. 


l-y 4- 2^ - 

2r 

; 

= 0.54 

CI 2 4 2e~ — 

-^2cr 

; E° 

= 1.36 

Mn^"* 4- e" — 

-^Mn^^ 

; E° 

= 1.50 

Fe^-" +e- — 

->.Fe^^ 

; E° 

= 0.77 

O 2 -(- 4ir -t 4e" — 

—>2H20 

; E" 

= 1.23 


O 2 -(- 4ir -t 4e- -> 2 H 2 O ■ ; E" =1.23 (IIT 2007) 

Answer the following questions: 

- -25r“Anrom"gThe'ibltowl«g7'fdCTtiiy'the;T»^ -'- 

-(a)-ChlorrdeTon is oxidised by^Oj - 

(b) Fe^"^ is oxidised by iodine 

(c) Iodide ion is oxidised by chlorine 

(d) Mn^'^ is oxidised by chlorine ■ 

[Hint: Species with greater reduction potential, oxidises other 

with lower reduction potential] . ■ . 

26. While Fe^"^ is stable, Ivln^'^ is not stable in acid solution 
because: 

(a) O 2 oxidises Mn^'*' to Mn^'^ 

(b) O 2 oxidises both Mn^”^ and 

(c) Fe^"^ oxidises H 2 O to O 2 

(d) Mn^* oxidises H 20 to O 2 

[Hint: Mn^"^ oxidises H 2 O to O 2 because the standard reduction 

potential of (Mn^'*'-is greater than that of 

(O 2 -^HjO).] 



1. 

(d) 

2. (d) 

3. 

(c) 

4. 

(a) 

5. (b) 

6. 

(a) 

7. (d) 

8. (b) 

9. 

(c)' 

10. (a) 

11. 

(a, b, c, d) 

12. 

(a, b, d) 

13. (b, c) , 

14. 

(a, b) 

15. (a, c) 

16. (c) 

17. 

(c) 

18. (b) 

19. 

(a) 

20. 

(a) 

21. (a) 

22. 

(a-q) (b-q) (c-r,s) (d-p,q) 


23. 

(a-q) (b 

-r) (c-q,s) (d-p,r) 

24. 

(a-s) (b-p) (c- 

-v)(< 

i-q) 

25. (c) 

26. 

(d) 



















ADSORPTION AND 
CATALYSIS 






ADSORPTION 


T^Tr^INTRODCid^ON 

There are several examples which reveal the fact that the surface 
of a solid (or liquid) has a tendency to attract and retain the 
molecules of other immiscible phase with which it is brought into 
contact. These molecules remain only at the surface and do not go 
deeper into the bulk. This tendency of accumulation of 
molecular species at the surface than in the bulk of a solid (or 
liquid) is termed adsorption. The molecular species or 
substance which concentrates or accumulates at the surface is 
termed adsorbate and the material on whose surface the 
adsorption has taken place is called adsorbent. 

Adsorption is essentially a surface phenomenon and solids, 
particularly in fmely divided state, have large surface area and, 
therefore, show this property to a much larger extent than liquids. 
Charcoal, silica gel, alumina gel, clay, Fuller’s earth, colloids, 
metals in finely divided state, etc., act as good adsorbents. 

The adsorption of gases on metal surfaces is called 
occlusion. 

Examples of Adsorption- 

(i) If a'gas like Cl 2 ,NH 3 or SO 2 is enclosed in presence of 
powdered charcoal in a closed vessel, it is observed that the 
pressure of the gas decreases. The gas molecules concentrate at 
the surface of the charcoal, i.e ., gases are adsorbed at the surface. 

(ii) In a solution of an organic dye say methylene blue, when 
animal charcoal is added and the solution is well shaken, it is 
found that the filtrate obtmned after filtration is colourless. The 
molecules of the dye, thus, concentrate on the surface of 
charcoal, i.e., solute molecules from solution are adsorbed. 

(iii) Water solution of raw sugar, when passed over beds of 


animal charcoal, becomes colourless as the colouring substances 
are adsorbed by animal charcoal. 

(iv) The air becomes dry, i.e., loses moisture in presence of 
silica gel. Molecules of water concentrate on the surface of gel, 
i.e., are adsorbed. 

It is clear from the above examples that solid surfaces can hold - 
the gas molecules, liquid molecules and also solid molecules by 
virtue of adsorption. The process of removing an adsorbed 
substance from a surface on which it is adsorbed is called 
desorption. 

13.2 DISTINCTION BETWEEN ADSORPTION 
AND ABSORPTION 

There are two similar sounding terms adsorption and absorption. 
Both the terms have different meanings. In adsorption, the 
substance is concentrated only at the surface and does not 
penetrate throu^ the surface to go deep inside the bulk of the 
adsorbent, while in absorption, the substance is uniformly 
distributed throughout the bulk of the solid or liquid. For 
example, when a chalk stick is dipped in ink, the surface attains, 
the colour of the ink due to adsorption of coloured molecules 
while the solvent of the ink goes deeper into the stick due to 
absorption. On breaking the chalk stick it is found that it is white 
from inside. Water vapours are absorbed by anhydrous calcium 
chloride while these are adsorbed by silica gel. In other words, 
in adsorption the concentration of the adsorbate increases 
only at the surface of the adsorbent, while in absorption the 
concentration is uniform throughout the bulk of the solid. 

Both adsorption and absorption take place simultaneously. 
Me Bain introduced a general term sorption to describe both the 


Note: Rate of adsorption is high at the beginning and then decreases till equilibrium is attained. On the other hand rate of absorption remains same 
throughout the process. 
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Fig. 13.1 

processes. However, adsorption is instantaneous, i.e., a fast 
process while absorption is a slow process, e.g., 

(i) If silica gel is placed in a vessel containing water vapours, 
the latter are adsorbed on the former. On the other hand, if 
anhydrous CaClj is kept in place of silica gel, absorption takes 
place as the water vapours are uniformly distributed in CaCl 2 to 


i. e ., sorption takes place. 

13.3 MECHANISM OF ADSORPTION 


13.4 TYPES OF ADSORPTION 
(Adsorption of Gases) 

There are two main types of adsorption of gases on solids. 

If accumulation of gas on the surface of a solid occurs on 
account of weak van der Waals’ forces, the adsorption is 
termed as physical adsorption or physisorption. When the gas 
molecules or atoms are held to the solid surface by chemical 
bonds, the adsorption is termed chemical adsorption or 
chemisorption. The chemical bonds may be covalent or ionic in 
nature. Chemisorption has a rather high energy of activation and 
is, therefore, often referred to as activated adsorption. 
Sometimes these two processes occur simultaneously and it is not 
easy to ascertain the type of adsorption. A physical adsorption at 
low temperature may pass into chemisorption as the temperature 
is increased, for example, hydrogen is first adsorbed on nickel by 
^aircterWa"al5^ft)Tces. Molecules of hydrogen then dissociate and 
hydrogen atoms are held on the surface by chemisorption. 

Some of the important characteristics of both types of 
adsorption are described below: 


Adsorption is due to the fact that the surface particles of the 
adsorbent are in different state-than the particles inside the bulk. 
Inside the adsorbent all the forces acting between the particles are 
mutually balanced but on the surface the particles are not 
surrounded by atoms or molecules of their kind on all sides and 
hence they possess unbalanced or residual attractive forces. 
These forces of the adsorbent are responsible for attracting the 
adsorbate particles on its surface. 

The extent of adsorption increases with the increase of surface 
area per unit mass of the adsorbent at a given temperature and 
pressure. This shows that with increase of surface area, the 
unbalanced attractive forces of the surface are also increased. 


1. Characteristics of physical adsorption __ 

(i) Lack of specificity: The surface of an adsorbent does 
not show very strong attraction for a particular gas as the van der 
Waals’ forces are universal. 

(ii) Nature of gas: The amount of gas adsorbed by a solid 
depends on the nature of gas. In general, more easily liquefiable 
gases (i.e., higher critical temperatures) are readily adsorbed as" 
van der Waals’ forces are stronger near the critical temperatures. 
Thus, 1 g of activated charcoal adsorbs 380 niL of sulphur dioxide 
(critical temp. 157°C), 16 mL of methane (critical temp. 
-83° C) and 4.5 mL of hydrogen (cniieal temp. -240° C). 


Another important factor regarding adsorption is the heat of 
adsorption. During adsorption, there is always decrease in 
residual forces of the surface, i. e ., there is decrease in surface 
energy which appears as heat. Adsorption, therefore, is 
invariably accompanied by evolution of heat, i.e., it is an 
exothermic process. In other words, AH of adsorption is always 
negative. When a gas is adsorbed, the freedom of movement of 
its molecules becomes restricted. This amounts to decrease in the 
entropy of the gas after adsorption, i.e., AS is negative. 
Adsorption is thus accompanied by decrease in enthalpy as 
well as decrease in entropy of the system. For a process to be 
instantaneous, the thermodynamic requirement is that AG must 
be negative, i.e., there is decrease in free energy. On the basis of 
equation, AG = AH - TAS, AG can be negative if AH has 
sufficiently high negative value as -TAS is positive. 

Thus, in an adsorption process, which is spontaneous, 

AS is negative, 

AH is also sufficiently negative, 
and as a combination of these two factors, 

AG is negative. 

AH becomes less and less negative as adsorption proceeds 
further and further. Ultimately AH becomes equal to TAS and AG 
becomes zero. This is the state at which equilibrium is attained. 
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(iii) Reversible nature: - Physical adsorption of a gas by a 
solid is generally reversible. The gas adsorbed can be removed by 
reversing the conditions of temperature and pressure. Thus, 


Gas ^ Gas/Solid + Heat 

More of gas is adsorbed when pressure is increased as the 
volume of the gas decreases (Le-Chatelier’s sirinciple) and it can 
be removed by decreasing pressure. 

Since, the adsorption process is exothermic, the physical 
adsorption occurs readily at low tempeni'ure and dc-,cases with 
increasing temperature (Le-Chatelier’s principle). As the 
activation energy in the physical adsorption is more or less zero, 
the rate of adsorption is not affected even at low temperature. 

(iv) Surface area of adsorbent: The extent of adsorption 
increases with increase of surface area of the adsorbent. Thus, 
finely divided metals and porous substances having large surface 
areas are good adsorbents. 

(v) Heat of adsorption: No doubt, physical adsorption is 
an exotheqgic process but its heat of adsorption is quite low 
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(20-40 kJ mor' or about 5 kfcal nioF‘) since the attraction 
between gas molecules and solid surface is due to weak van der 
Waals’ forces. 

2. Characteristics of chemisorption 

(i) High specificity; Chemisorption is highly specific and it 

will only occur if there is some possibility of chemical bonding. 
For example, oxygen is adsorbed on metals by virtue of oxide 
formation,and hydrogen is adsorbed by metals with 

unpaired i-orbitals leading to hydride formation. 

(ii) Nature of gas: Chemisorption will occur if there is 
some possibility of chemical action between the gas and the solid 
adsorbent. 

(iii) Irreversibility: As chemisorption involves compound 
formation, it is commonly irreversible in nature. Chemisorption 


Adsorption of Nj on the Surface of Iron 

■ Nature of adsorption of nitrogen on the surface of iron 
depends on the temperature. At 83 K, nitrogen is physisorbed on 
iron surface as N, molecules. The degree of adsorption decreases 
rapidly as the temperature increases. At room temperature, there 
is no adsorption of N 2 on iron. When temperature is further 
increased up to 773 K and above, then nitrogen is chemisorbed 
on the iron surface as nitrogen atom. 

Activation of Adsorption 

Adsorbing power of an adsorbent can be increased by a 
number of ways. Some important methods are described below; 

(i) Metallic adsorbents are activated by rubbing the surface. 

(ii) Activity df adsorbent can be increased by taking it in 
powdered state because in the powdered state the surface area is 


chemical changes, it often increases with rise of temperature. A 
gas adsorbed at low temperature by physical adsorption may 
change into chemisorption at high temperature. 

High pressure is favourable for chemisorption. 

(iy) Surface area: __Like ph ysica l adsorp tio n, chemisorption 
also increases with increase of surface area of the adsorbent. 

(v) Heat of adsorption: Heat of adsorption is high enough 
(40-400 kJ/mol) as chemisorption involves bond formation. 

Conq>arison of physisorption and chemisorption 


PhysiuTadsorp^m ( 


^Chemical adsorptioh 


It is caused by intermolecular | It is caused by chemical bond 
van der Waals’ forces. I formation. 


It is not specific. 
It is reversible. 


It is highly specific. 
It is irreversible. 


4. It depends on the nature of gas. It depends on the nature of gas. 
More easily liquefiable gases Gases which form compounds 
are adsorbed readily. with the adsorbent exhibit 

chemisotption. 


5. Heat of adsorption is low. 


I Heat of adsorption is high. 


6. Low temperature is favourable. High temperature is favourable. 

It decreases with increase of It increases with increase of 
temperature. temperature. 

7. No appreciable activation en- High activation energy is in- 

ergy is involved. volved. 

8. High pressure is favourable. High pressure is favourable. 

Decrease of pressure causes Decrease of pressure does not 
desorption. cause desorption. 

9. It depends on the surface area. It also depends on the surface 

'It increases with increase of area. It increases with increase 

surface area. of surface area. 

10. It forms multilayers on adsor- i It forms unimolecular layer, 
bent surface under high pres- 


heating with superheated steam. For example, the charcoal is 
activated by heating between 650 K and 1330 K in vacuum, air or 
superheated steam. 

adsorption isot herm s 

The variation of the amount of the gas adsorbed by the adsorbent 
with pressure at constant temperature can be expressed by means 
of a curve. This curve is termed as adsorption isotherm at the 
particular temperature. 

Freundlich adsorption isotherm: Freundlich, in 1909, 
gave an empirical relationship between the quantity of gas- 
adsorbed by unit mass of solid adsorbent and pressure at a 
particular temperature. The relationship can be expressed by the 
following equation: 



Pressure-► 

Fig. 13.2 Adsoiption Isothm-m 


where ‘x’ is the mass of the gas adsorbed on a mass ‘m’ of the 
adsorbent at a pressure P. k and n are constants which depend on 
the nature of the adsorbent and the gas at a particular temperature. 
The relationship is generally represented in the form of a curve 
when mass of the gas adsorbed per gram of the adsorbent is 
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plotted against the pressure (Fig. 13.2). These curves indicate that 
at a fixed pressure, there is decrease in physical adsorption with 
increase in temperature. These curves always seem to approach 
saturation at high pressure. 

Taking logarithm of equation (i), 


: log k + — log P 
n 


■ ■ . (ii) 


This is the equation of a straight line. The validity of 

X 

Frettndlich isotherm can be verified by plotting log — on j^-axis 

m 

(ordinate) and log P on x-axis (abscissa). If it comes to be a 
straight line, the Freundlich isotherm is valid, otherwise not [Fig. 
13.3(a)]. The slope of the straight line gives the value of 1/ n. 


■ log k (Intercept) 


Fig. 13.3 (a) Freundlich isotherm 


The intercept on the >>-axis gives the value of log k. 

Freundlich isotherm explains the behaviour of adsorption in 
an approximate manner. The factor 1 / n can have values between 
0 and 1 (probable range 0.1 to 0.5). Thus, equation (i) holds good 
over a limited range of pressure. 

When l/« = 0,xlm= constant which shows that adsorption is 
independent of pressure. When, yn = l, xlm= kP, i. e. ,xlm'x P. 
The adsoiption varies directly with pressure. See graph in Fig. 
13.3(b). 



Pressure ‘P’-► 

Fig. 13.3(b) 

Both the above conditions are supported by experimental 
results. The experimental isotherms always seem to approach 
saturation at high pressure. This cannot be explained by 
Freundlich isotherm. Thus, it fails at high pressure. 

Shortcomings of Freundlich adsorption isotherm; 

(i) Concept of Freundlich adsorption is purely empirical. 

(ii) It does not consider the role of surface area of adsorbent in 
the process of adsorption. 


(iii) It is unable to explain, why the degree of adsorption is 
constant at higher pressure. 

(iv) It is applicable for only physical adsorption because it 
considers multimolecular layer of adsoiption. 

The Freundlich adsorption isotherm was modified by 
Langmuir in 1916. 

Langmuir adsorption isotherm: Langmuir (1916) derived 
a simple adsorption isotherm. He postulated the following theory 
of adsorption: . . 

(i) Gases form unimolecular layer of adsorption on the 
surface of adsorbate. 

(ii) Gases undergoing adsorption behave ideally. 

(iii) Adjacent adsorbed molecules do not interact. In other 
words, adsorption of a gas molecule at a particular site is 
independent, whether the neighbouring sites are adsorbed or not. 

(iv) Dynamic equilibrium exists on the surface of adsorbent. 
i. e. , two opposite processes take place , simultaneously on the 
surface of adsorbent. 

(a) Adsorption or condensation of gas molecules on Ff', 
surface of solid or adsorbent. 

(b) Desorption or evaporation of gas molecules from the 
surface of adsorbent. 

At the stage of adsorptioirequilibriumrthe-rate-of-adsorption- 

becomes equal to the rate of desorption. 

Let us derive mathematical relation of adsorption isotherm. 

Let 9 is the fraction of surface area of adsorbent covered by the 
gas molecules, then (1 - 6 ) will be the fraction of surface area 
base which is available for adsorption. Rate of adsorption 
depends on the fraction of surface area base and the pressure of 
gas on the surface of adsorbent. 

Rate of adsorption = kj (1 - 9 )P • (i) , 

Rate of desorption is directly proportional to the fraction of 
surface area of adsorbent occupied. 

Rate of desorption = ^29 ... (ii) 

At equilibrium, 

Rate of adsorption = Rate of desorption 
/ti (l- 0 )P = /t29 

*2 + k^P 

^_ (kJk^ )P _ KP 
, fyt,) \ + KP 


where. 


1 + ^ 
I k~> 


= constant 


According to Langmuir, the degree of adsoiption is directly 
proportional to the 9, i. e. , fraction of surface area occupied. 

X „ kKP K'P ..... 

^ oc 0 = - = - . . . (ill) 

m l + KP l + KP 
where, K' = kK 

Equation (iii) can be rearranged as:, 

P 
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It IS of the form y = c+ mx, i. e. , equation of straight line but 

p 

not passing through origin. By plotting-against ’ we get 

(x/ m) 

a straight line. 

K 

Slope of the line AB = — = tan 6 
K' 

Intercept of the line = ^ = length OA 


P 

(x/m) A 


When, — j is plotted against we get straight line with 
slope “ 1 intercept f “ 1 • 


13.6 ADSORPTION FROM SOLUTION PHASE 

Solids can adsorb solutes from solutions also. When a solution of 
acetic acid in water is shaken with charcoal, a part of the acid is 
adsorbed by the charcoal and the concentration of the acid 
decreases in the solution. The litmus solution when shaken with 
charcoal becomes colourless. The precipitate of Mg(OH )2 attains 
blue colour when precipitated in presence of magneson. The 
colour is due to adsorption of magneson. The following 
observations have been made in the case of adsorption from 
solution phase: 

(i) The extent of adsorption decreases with the increase of 


Pressure (P)-► 

Fig. 13.3(c) Plot of Langmuir adsorption isotherm 

Interpretation of Langmuir adsorption isotherm: Let 

_US._cansiderJhe.mathematicaLjcelation_ 

X _ K'P 

m~ \ + KP 

Case 1. When pressure is very high then \+ KP~KP 
X K'P 

— =-= constant 

m KP 

Thus, at high pressure, the degree of adsorption approaches a 
limiting value. 

Case 11. When pressure is low then 1 + AP = 1 
i ~ = K'P 


(ii) The extent of adsorption increases with the increase of 
surface area of the adsorbent. 

(iii) The extent of adsorption depends on the concentration of 
the solute in solution. 

-The_exteiit.-o£-adsorption..depends-on-the-nature~ot-tbe- 

adsorbent and the adsorbate. 

When the concentration of adsorbate is more on the 
surface of the adsorbent than in the bulk, it is called positive 
adsorption. If the concentration of the adsorbate is less 
relative to its concentration in the bulk, it is called negative 
adsorption. 

The precise mechanism of adsorption from solution is not 
known. Freundlich’s equation approximately describes the 
behaviour of adsorption from solution with the difference that 
instead of pressure, concentration of the solution is taken into 
account, i. e ., 


Thus, degree of adsorption is directly proportional to pressure. 
Case HI. When pressure is moderate then expression is of 

JC* ' 1 

the form — = KP ' ; where, — lies between 0 and 1. 
m n 

Alternatively, 

If Langmuir adsorption isothenn is expressed as: 

X _ aP 

m \+ bP ^ ^ 

.u P \ b ^ 

then, 77 — = - + -^ .(ii) 

(x/ot) a a 
P 

Thus, a plot of - --■ against will be a straight line with slope 

(x/ m\ 

b 1 

— and intercept —. 
a a 

Equation (i) may also be taken as: 

m b \ \ 

—=-+-x— 

X a a P 


(C is the equilibrium concentration, I'.e., when adsorption is 
complete.) 

On taking logarithm of the above equation, we have 

X I 

log — = log k + - log C 
m n 

Plotting log xlm against log C a straight line is obtained which 
shows the validity of Freundlich isotherm. This can be tested 
experimentally by taking solutions of different concentrations of 
acetic acid. Equal volumes of solutions are added to equal 
amounts of charcoal in different flasks. The final concentration is 
determined in each flask after adsorption. The difference in the 
initial concentration and final concentration gives the value of x. 
Using the above equation, validity of Freundlich isotherm can be 
established. 

13.7 ADSORPTION ISOBARS AND ISOSTERE 

A graph drawn between degree of adsorption (xlm) and 
temperature ‘t’at a constant pressure of adsorbate gas is known 
as adsorption isobar. 
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Y P = Constant 


P = Constant 



(Physisorption isobar) 


(Chemisorption isobar) 


Fig. 13.4 

Adsorption isobars of physical and chemical adsorptions show 
an important difference and this difference is helpful in 
distinguishing these two types of adsorption. 

Adsorption Isostere: Degree of 
adsorption depends on temperature as | y 

well as on pressure. When temperature S 

increases, the^extent of“adk 5 TptKBr“S — 7 *-- 

decreases. A linear relationship should ® y 
exist between temperature and pressure E y 

with a certain amount of adsorption. _ 

The plot of temperature versus pressure Pressure ► 

for a^gf^en aniount_ofjuisorptionJs _ Fig-43-5 — 

called adsorption isostere. 


Preferential Adsorption OR Competing Adsorption 

Whenever a mixture is allowed to come in contact with a 
particular adsorbent under the same conditions, the more strongly 
adsorbable adsorbate is adsorbed to a greater extent irrespective 
of its amount present. A preferentially adsorbable adsorbate can 
displace a weakly adsorbed substance from the surface of the 
adsorbent. 

Determination of Surface Area of Adsorbent 

If F litre of a gas is adsorbed at temperature T and pressure ‘P' 
then number of gas molecules adsorbed will be: 

Nianber of molecules = f 6.023 X10^^ ' -.-(i) 

[rtj 

If monomolecular layer of adsorption is formed then; 

Surface area of adsorbent 

= Number of molecules x Area of cross-section of a molecule 

Area of cross section of molecule is usually determined from 
the density of the liquefied or solidified adsorbate. 

Volume of gas molecule = —- — - 

px 6.023x10“ 

4 3 ' M 

— %r = - 

3 pN^ 


4n pN j, 


Area of cross-section = nr^ 


4n pN ^ 


13.8 APPLICATIONS OF ADSORPTION 

The phenomenon of adsorption finds a number of applications. 
Important ones are given here: 


1. Production of high vacuum: A bulb of charcoal 
cooled in liquid air is connected to a vessel which has already 
been exhausted as far as possible by a vacuum pump. The 
remaining traces of air are adsorbed by fhe charcoal. This results 
in a very high vacuum. 

2. Gas masks: Gas mask is a device which consists of 
activated charcoal or a mixture or adsorbents. This apparatus is 
used to adsorb poisonous gases and thus purify the air for 
breathing. 

3. Humidity control: Silica and aluminium gels are used , 
as adsorbents for removing moisture. These gels are used for 
controlling humidity of rooms. Silica gel -is also used in 
desiccators. 

4. Removal of colouring matter from solution: Animal 

charcoal removes colours of solutions by adsorbing coloured 
impurities. Animal charcoal is used as decolouriser in the 
manufacture of cane sugar. _ 

5. Heterogeneous catalysis: Adsorption of reactants on 
the solid surface of the catalysts affects the rate of reaction 
between the reactants. The reaction proceeds more rapidly after 
adsorption. There are many gaseous reactions of industrial 
importance involving solid catalysts. Manufacture of ammonia 

-using-ifon-as-a-catalyst,—manufacture-ofTfySGj'fjy'Txwrtact- 
process and use of finely divided nickel in the hydrogenation 01 
oils are excellent examples of heterogeneous catalysis. 

6 . Separation of inert gases: Due to the difference in 
degree of adsorption of gases by charcoal, a mixture of inert 
gases can be separated by adsorption on coconut charcoal at 
different low temperatures. 

7. Softening of hard water: The hard water is made to 

pass through a column packed with zeolite (sodium aluminium 
silicate). Ca“ and ions, which are responsible for 

hardness, get adsorbed on zeolite, exchanging sodium ions. 

Na 2 Al 2 Si 208 -f CaClj ^^CaAl 2 Si 208 +2NaCl 

The exhausted zeolite is regenerated with, 10% of sodium 
chloride solution, 

'CaAl 2 Si 208 -t2NaCl->Na 2 Al 2 Si 20 g +CaCl 2 

8 . Deionisation of water: Water can be deionised by 
removing all dissolved salts v,'ith the help of cation and 
anion-exchanger resin. Cation-exchanger is an organic synthetic 
resin such as polystyrene containing a macroanion {R — SO 3 ) 
which has adsorbed H'*' ions. A resin containing a basic group 
(—N^.R 3 ) which has adsorbed OH” ions acts as 
anion-exchanger. The water containing dissolved salts is first 
passed through cation-exchanger and then through 
anion-exchanger. The cation-exchanger removes the cations by 
exchange with ions while anion-exchanger removes the 
anions by exchange with OH” ions: 

R- -+Na+--Na+ -fH"^ 

Cation -exchanger 

R^ - OH" -f cr-> R^ -cr + OH” 

Anion -exchanger 

The and OH" ions thus produced react with each other to 
form water molecules. 

H+ -I- OH” - >H,0 
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9. In curing diseases: A number of drugs are adsorbed on 
the germs and kill them or these are adsorbed on the tissues and 
heat them. 

10. Cleaning agents: Soaps and detergents get adsorbed 
on the interface and thus reduce the surface tension between dirt 
and cloth, subsequently the dirt is removed from the cloth. 

11. Froth floatation process: A low grade sulphide ore is 
concentrated by separating it from silica and other earthy matter 
by this method. The finely divided ore is added to water 
containing pine oil and foaming agent. The air is bubbled through 
the mixture. The foam formed rises to the surface on which 
mineral particles wetted with oil are adsorbed while earthy matter 
settles down at the bottom. 

12. Adsorption indicators: Surfaces of certain precipitates 
such as silver halides have the property of adsorbing some dyes 
like eosin, fluorescein, etc. Tn the case of precipitation titrations 


(for example AgNOj versus NaCl) the indicator is adsorbed at 
the end point producing a characteristic colour on the precipitate. 

13. Chromatographic analysis: The phenomenon of 
adsorption has given an excellent technique of analysis known as 
chromatographic analysis. The technique finds a number of 
applications in analytical and industrial fields. 

14. Surfactants: Surfactants work as emulsifier in the 
manufacture of emulsion. The emulsifiers work on the principle 
of adsorption. 

15. Adsorption and kinetics: Many reactions that occur 
on a metal surface are of zero-order, e.g., decomposition of N 2 O 
on platinum surface. It is because the rate determining step 
occurs on the surface itself Once the surface of adsorbent gets 
covered by the reactant, the rate of reaction becomes independent 
of concentration of the reactant. 


CATALYSIS 


13.9 INTRODUCTION 


Potassium chlorate when strongly heated decomposes slowly 
g ivin g oxyg en. The decompo sition occu rs in the temperature 
range of 380-600°C. 

2 KCIO 3 -> 2KC1 -t 3 O 2 

However, when a little of manganese dioxide is added, the 
decomposition takes place at a considerable lower temperature 
range, i.e., 200-360°C at a much accelerated rate. The 
manganese dioxide added remains unchanged with regard to its 
mass and composition. 

In a similar maimer, the rates of a number of chemieal 
reactions can be altered by the mere presence of a foreign 
substance. The systematic smdy of the effect of various foreign 
substances on the rates of ehemieal reactions was first made by 
Berzelius, in 1835. He suggested the name catalyst, for such 
substances. 

Substanees whieh thus alter the veloeity of a reaction, 
themselves remaining ehemieally and quantitatively unehanged 
after the reaction, are known as catalysts and the phenomenon is 
known as catalysis. Ostwald (1895), defined a eatalyst as: a 
substance which changes the reaction rate without affecting the 
overall energetics of the reaction. 

13.10 HOMOGENEOUS AND 

HETEROGENEOUS CATALYSIS 

Catalytic reactions can be broadly divided into two groups: 

l.i Homogeneous catalysis: When the reactants and the 
catalyst are in the same phase, i.e., solid, liquid or gas, the 
catalysis is said to be homogeneous. The following are some of 
the examples of homogeneous catalysjs: 

(i) Oxidation of sulphur dioxide into sulphur trioxide with 
oxygen in the presenee of oxides of nitrogen as the catalyst in the 
lead chamber process. 

NOC?) 

^ 2SO2 (g ) + O2 (g )-> 2SO3 (g ) 

* (Z) represents liquid or solution in chemical reactions. 


The reactants sulphur dioxide and oxygen are in gaseous state. 
The catalyst nitric oxide is also in gaseous state, i.e., all are in the 
same phase. 

.“ (Ti) 'Hydrolysis" of TnethyrxcetatFls^falysed“by“H'''''ions 

fiamished by hydrochloric acid. 

HCl{/) « 

CH 3 C 00 CH 3 (/)-tH 20 (/)->CH 3 C 00 H(/)+GH 3 0 H(/) 

Both the reactants and catalyst are in the same phase. 

(iii) Hydrolysis of sugar is catalysed by H'*' ions furnished by 
sulphuric acid. 

H2S04{;) 

C,2H220, , (/) + H20(/)-> C6H,206 (/) + (0 

Solution Glucose Fructose 

Solution 

Both the reactants and the catalyst are in the same phase. 

2. Heterogeneous catalysis: The catalytic process in 
whieh the reactants and the eatalyst are in different phases is 
known as heterogeneous catalysis. Some of the examples of 
heterogeneous catalysis are given below; 

(i) Oxidation of sulphur dioxide into sulphur trioxide in the 
presenee of platinum metal or vanadium pentoxide as catalyst in 
the eontact process for the manufacture of sulphuric acid. 

Ptb) 

2 S 02 (g)+ 02 (g)-> 2 S 03 (g) 

The reactants are in gaseous state while the catalyst is in solid 
state. 

(ii) Combination between nitrogen and hydrogen to form 
ammonia in the presence of finely divided iron in Haber process. 

Fe(5) 

N 2 (g)+ 3 H 2 (g)-> 2 NH 3 (g) 

The reactants are in gaseous state while the catalyst is in solid 
state. 

(iii) Oxidation of ammonia into nitric oxide in the presence of 
platinum gauze as a catalyst in Ostwald’s process. 

4 NH 3 (g) + 5 O 2 (g) ^^^ 4NO(g) + 6H20(g) 
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The reactants are in gaseous state while the catalyst is in the solid 
state. 

(iv) Hydrogenation of vegetable oils in the presence of finely 
divided nickel as catalyst. 

Ni(s) 

Vegetable oils {/) + (g)- > Vanaspati ghee(s) 

One of the reactants is in liquid state and the other in gaseous 
slate while the catalyst is in solid state. 

13.11 TYPES OF CATALYSIS 

Catalytic reactions are of the following types: 

1. Positive catalysis: When the rate of reaction is 
accelerated by the foreign substance, it is said to be a positive 
catalyst and the phenomenon as positive catalysis. 

Examples of positive catalysis: 

(i) Decomposition of HjOj in presence of colloidal platinum. 

~ 2 H 202 {/)^ 2 H 20 (/) + 02 (g) 

(ii) Decomposition of KCIO 3 in presence of manganese 
dioxide. 

MnOo (j) 

2KC103(5)-::—;• 2 KC 1 { 5 ) + 302(g) 

__ 270°C _ 

(iii) Oxidation of ammonia in presence of platinum gauze. 

pi(j) 

4 NH 3 (g) + 502(g) 4 N 0 (g) + 6 H 20 (g) 

(iv) Oxidation of sulphur dioxide in presence of nitric oxide. 

NO(g) 

2S02(g)+02(g)-^2S03(g) 

(v) Oxidation of sulphur dioxide in presence of platinized 
asbestos or vanadium pentoxide. 

V2O5W 

2 S 02 (g) + 02 (g)- >2803 (g) 

or Pt(s) 

(vi) Oxidation of hydrochloric acid into chlorine by Deacon’s 
process in presence of CUCI 2 . 

CuCioqt 

4 HCl(g) + 02(g)-—> 2 Cl 2 (g) + 2 H 20 (g) 


- Catalyst 
absent 


A / y N \ tauocui 

I // -Positive 

ro ft A catalyst 

a> I! \ 

c U \\ 

- / \ 

^ J' \ 


(viii) Synthesis of ammonia by Haber process in presence of a 
mixture of iron and molybdenum. 




(ix) Manufacture of methyl alcohol in presence of ZnO/ Gj O 3 . 

ZnO(s), 250°C 

CO(g) + 2H2(g)-> CH30H(g) 

€ 1203 ( 5 ) 

(x) Formation of methane in presence of nickel. 


CO(g)+3H2(g)- 


.CH4(g)+H20(g) 


Positive catalyst increases the rate by lowering activation 
energy of reaction. Catalyst changes the mechanism by changing 

increases the rate by converting some inactive molecules into 
active ones. 

From chemical kinetics: 

If - 

ka 

._where,...kj,. =.rate_c.oiistant_irL-pxeserLce.-of_ cataLy.st, .l^-..=xatfi_ 
constant in absence of catalyst, 

AE = Lowering of activation energy 

!L = antilog[^^j 
[2303 RT_ 

2. Negative catalysis: There are certain substances which, 
when added to the reaction mixture, retard the reaction rate 
instead of increasing it. These are called negative catalysts or 
inhibitors and the phenomenon is known as negative catalysis. 


/ \ 
/ \ 



Negative 

catalyst 

Catalyst 

absent 


® R 


Collision number —► 

AE = increased activation energy 


Collision number • 

Fig. 13.6 

(vii) Hydrogenation of vegetable oil in presence of nickel. 

Ni(?) 

Vegetable oil(/) + H, rg)-> Vanaspati ghee(j) 


Fig. 13.7 

Examples of negative catalysis: 

(i) The oxidation of sodium sulphite by air is retarded by 
■alcohol. 

Alcohol(/) 

2 Na 2 S 03 (^) +02(g)-->2Na2S04(^) 

Alcohol acts as a negative catalyst. . 
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(ii) The decomposition of hydrogen per'oxide decreases in 
presence of glycerine. Thus, in this reaction glycerine acts as a 
negative catalyst. 

> 2 H, 0 (/) + 0 ,(g) 

(iii) The oxidation of chloroform by air is retarded if some 
alcohol is added to it. 


Examples of induced catalysis: 

(i) Sodium arsenite solution is not oxidised by air. If, 
however, air is passed through a mixture of the solution of 
sodium arsenite and sodium sulphite, ooth of them undergo 
simultaneous oxidation. The oxidation of sodium sulphite, thus, 
induces the oxidation of sodium arsenite. 


Alcohol(/) 


. 2CHC1 3 (/) + O 2 (g)-^ 2COC1 2 (g) + 2HCl(g) 

(iv) The oxidation of benzaldehyde is retarded if some 
diphenyl amine is added. It acts as a negative catalyst. 

Diphenyl amine(/) 

2C6H5CH0(/) + O 2 (g)-> 2C6H5C00H(/) 

(v) Tetraethyl lead (TEL) acts as an antiknocking agent in the 
case of petrol. Thus, it decreases knocking of petrol and acts as a 
negative catalyst. 

(vi) Addition of small amount of acetanilide shnws slow“ 

Negative catalysts decrease the rate by increasing the 
activation energy of reaction. Mechanism is altered by altering 
the intermediate; the new intermediate lies at high energy state. 

3. Autocatalysis: In certain reactions, one of the products 
a cts as a cata l yst . In t he initial sta ges the reaction is slo w but as 
soon as the products come into existence, the reaction rate 
increases. This type of phenomenon, in which one of the products 
itself acts as a catalyst, is known as autocatalysis. 

Examples of autocatalysis: 

(i) The rate of oxidation of oxalic acid by acidified potassium 
permanganate increases as the reaction progresses. This 
acceleration is due to the presence of Mn^"^ ions which are 
formed during reaction. Thus, Mn^"^ ions act as autocatalyst. 

5H2C2O4 + 2KMn04 + 3H2SO4-> 

2MnS04 + K2SO4 +IOCO2 +8H2O 

(ii) When nitric acid is poured on copper, the reaction is very 
slow in the beginning; gradually the 

reaction becomes faster due to the _—- 

formation of nitrous acid during the . 
reaction which acts as an autocatalyst, j / 

(hi) In hydrolysis of ethyl acetate, S / 
acetic acid and ethyl alcohol are cc / 
formed. The reaction is initially very / 

slow but gradually its rate increases. 1^__ 

This is due to the formation of acetic Time —► 

acid which acts as an autocatalyst in _ 

.3 Fig-13.8 

this reaction, ^ 


Na 2 S 03 + -O 2 


Na^AsO, + -O, 


• Na 2 S 04 


• Na 3 As 04 


CH3COOC2H5 +H2O- 


► CH 3 COOH+C 2 H 5 OH 


In the case of homogeneous autocatalytic reactions, rate in¬ 
creases with passage of time because in such cases rate of reac¬ 
tion is directly proportional to concentration of catalyst, e.g., 

CH3COOC2H5+H2O->CH3C00H+C2H50H 

Rate = k [CH 3 COOC 2 H 3 ] [CH 3 COOH] 

Reactant Catalyst 

4. Induced catalysis: When one reaction influences the 
rate of other reaction, which does not occur under ordinary 
conditions, the phenomenon is known as induced catalysis. 


(h) The reduction of mercuric chloride (HgCl 2 ) with oxalic 
acid is very slow, but potassium permanganate is reduced readily 
with oxalic acid. If, however, oxalic acid is added to a mixture of 
potassium permanganate and mercuric chloride, both are reduced 

simultaneously. The reduc tion .of potassium permanganate, thus, _ 

induces the reduction of mercuric chloride. __ 

13.12 CHARACTERISTICS OF CATALYSIS 

The following are the characteristics which are common to most 
of the catalytic reactions; 

-(i)~A-catalyst-remains-unehanged-in"mass-and chemical- 

composition at the end of the reaction: The amount of the 
catalyst found at the completion of the reaction is the same as. 
taken at the start of the reaction. There is also no change in its 
composition. However,^it is observed that in some cases the 
physical state may change. For example, manganese dioxide used 
in the granular form as a catalyst in the decomposition of KCIO 3 
is left as a fine powder at the completion of the reaction, 

(ii) A small quantity of the catalyst is generally sufficient 
to catalyse almost unlimited reaction: For example, in the 
decomposition of hydrogen peroxide, one gram of colloidal 
platinum can catalyse 10* litre of hydrogen peroxide. One mole 
of Cu^"^ in 10 ® litre can catalyse the oxidation of sodium sulphite 

by atmospheric oxygen. - 

However, in some reactions the rate of the reaction is 
proportional to the concentration of the catalyst. For the acid and 
alkaline hydrolysis of an ester, the rate of reaction is proportional 
to the concentration of H or OH” ions. 


RC 00 R'(/) + H 20 (/) 


► RCOOH(/) + R'OH(/) 


In Friedel-Crafts reaction, anhydrous aluminium chloride is 
required in relatively large amount to the extent of 30% of the 
mass of benzene. 

. AlCljti) 

CgHg (/) T C2H5C1(/)-> C 6 H 5 C 2 H 5 (/) + HC1(/) 

It is also observed that in certain heterogeneous reactions, the 
rate of reaction increases with the increase of area of the catalytic 
surface. 

(iii) The catalyst, cannot initiate the reaction: The 

function of a catalysf is to alter the speed of the reaction rather 
than to start it. The reaction in presence of a positive catalyst 
adopts some alternative path which requires less amount of 
activation energy. -■ 
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However, there are certain instances where it is observed that 
the reaction cannot be started in absence of a catalyst. For 
example, there is no reaction between H 2 and O 2 at room 
temperature but the reaction occurs very readily in presence of 
platinum black. 

Room tenp. 

2H T (g) + O 2 (g)-> No reaction 

Pi black 

2 H 2 fe) + 02 (g)^-^ 2 H 2 0 (g) 

Similarly, combination of dry chlorine with dry hydrogen is 
not possible unless water vapours are added. Water vapours 
which act as a catalyst might be thought to start the reaction. 

Water vapour 

H 2 (g) + CI 2 (g)-> 2HCl(g) 

The concept is still disputed. 

(iv) The catalyst is generally specific in nature: A 

_substance,-whic.h acts as-a-cat alys t f or a part i cular reaction, f a ils 
to catalyse the other reactions. Different cata ly.sts._haiiJlie-iiame- 
reactants may form different products. Manganese dioxide which 
acts as a catalyst for the decomposition of potassium chlorate 
fails to catalyse the decomposition of potassium perchlorate. 
Ethanol yields ethene when passed over alumina but in presence 
of hot copper, acetaldehyde is formed. 

- Ai#;.^ c 2 H 4 (g) + H 2 0(g) (Dehydration) 

C 2 H 50 H(/) — 

—^ CHj CHO(g) + H 2 (g) (Dehydrogenation) 
Similarly, in the case of formic acid, different products are 
formed using Cu or AI 2 OJ as catalysts. 

Cu 

-»CO, (g) + H 2 (g) (Dehydrogenation) 

HCOOH(/)- 

-^CO(g)+H 20 (g) (Dehydration) 

Carbon monoxide and hydrogen combine to form CH 4 , 
CH 3 OH, HCHO depending on the nature of the catalyst used. 


CO(g)+3H2(g)- 

ZnO + 

CO(g) + 2H2- 


CH4(g) + H20 


Enzymes have also specific action. However, transition metals 
like Fe, Co, Ni, Pt, Pd, etc., can catalyse reactions of various types. 

(v) The catalyst cannot change the position of 
equilibrium: In the case of reversible reactions, the 
concentrations of the products and reactants cannot be affected 
by the catalyst if the equilibrium has been established. However, 
the use of a catalyst can help to achieve the equilibrium state in 
lesser time as forward and backward reactions are influenced to 
the same extent by the catalyst. 

Let us consider a reversible reaction, 

A^BC AB + C 

L (Forward) A + BC AB + C 


t 


-In presence of catalyst 
■ 1 ^In absence of ca talyst 


Equilibrium 


■CH 3 OH 


^(Backward) AB +CA + BC 
Time —► 

Fig. 13.9 Equilibrium state and catalyst 

(vi) Catalytic promoters: Substances which themselves 

are not catalysts, but when mixed in small quantities with the ” 
catalysts increase their efficiency, are called as promoters or 
activators. Some examples of the promoters are given below: 

(a) In the Haber process for the synthesis of ammonia, traces 
of molybdenum increase the activity of finely divided 
iron which acts as a catalyst. Oxides of aluminium and 
thorium are also used as promoter in this reaction. 

(b) In the manufacture of methyl alcohol from water gas 
(CO + H 2 ), chromic oxide (CrjOj) is used as a promoter 
with the catalyst zinc oxide (ZnO). 


C0(g) + H 2 (g)->HCHO 

Sometimes catalyst may alter the reaction product; 

Sunlight ^ 



Benzyl chloride 

CHj 

/Cl 



+ 2HC1 


Activated reactants 
(uncatalysed) 

i 

/ 1 

r, ''' 

Reactants ' 


Activated reactants I 
(catalysed) 


Fig. 13.10 


(Products 


(Ortho and Para chlorotoluenc) 
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(c) In the hydrogenation of oils, the activity of the catalyst 
nickel increases on adding small amount of copper and 
tellurium. 

(vii) Catalytic poisons: Substances which destroy the 
activity of the catalyst by their presence are known as catalytic 
poisons. Some of the examples are: 

(a) The presence of traces of arsenious oxide (AS 2 O 3 ) in the 
reacting gases reduces the activity of platinized asbestos 
which is used as catalyst in contact process for the 
manufacture of sulphuric acid. 

(b) The activity of iron catalyst is destroyed.by the presence 
of HjS or CO in the synthesis of ammonia by Haber 
process. 

(c) The platinum catalyst used in the oxidation of hydrogen 
is poisoned by CO. 

_The poisoning of a cataly.st is probably due to the preferential ■ 

adsorption of poison on the surface of the catalyst, thus reducing 
the space available for the adsorption of reacting molecules. 

(viii) Change of temperature alters the rate of catalytic 
reaction as it does for the same reaction in absence of a 
catalyst: By increasing the temperature, there is an increase in 
the catalytic power of a catalyst but after a certain temperature its 

temperature at which its catalytic activity is maximum. This 
temperature is termed as optimum temperature. 

However, in the ease of colloidal solutions acting as catalysts, 
the catalytic activity decreases by the rise of temperature as it 
may cause coagulation of the colloidal solution. 

(ix) A positive catalyst lowers the activation 
energy: According to collision theory, a reaction occurs on 
account of effective collisions between the reacting molecules. 
For effective collision, it is necess^ that the molecules must 
possess a minimum amount of energy known as activation energy 
(iig). Under this condition, molecules after collision form an 
activated complex which dissociates to yield the product 
molecules. 


Uncatalysed 

complex 

-^- 

Energy / \ 

barrier / \ ✓Catalysed 

\ / ^ complex 


e: \' 


Reactants - 

AG-of \ 

(A+B) 

reaction \ 

Final state 

Products (C -r D) 


Reaction sequence 

Fig. 13.11 (a) 


d _ >• 

® i s» 

O > 0 ) 

E 'os § 
*5 CO o 

c £ ■$ 
.0 5 c 

CO 


Ea 

De¬ 

creases 


Minimum kirietlc energy 
for catalysed reaction 

Minimum kinetic 
V energy 


Kinetic energy 


Ea/RT 

De¬ 

creases 


, -Ea/RT L 
increasesf 


^ g I 

increasesf 


.• L 

' increasesF 


Reaction 
’ rate 
increases 


-owering of enero 


of activation energy. Thus, larger nurnber of effective collisions 
occur in the presence of a catalyst in comparison to effective 
collisions at the same temperature in absence of a catalyst. 
Hence, the presence of a catalyst makes the reaction to go faster. 

Hg. 1 T 11 (a) sho ws that a ctivatio n energy, , in absence of a 
catalyst is higher than the activation energy, £', in presence of a 
catalyst. Ej; and Ep represent the average energies of reactants 
and products. The difference gives the value of AG, i.e.. 


13.13 THEORIES OF CATALYSIS 

« 

It is not possible to give a uniform explanation of the mechanism 
of the phenomenon of catalysis as catalytic reactions are of varied 
nature. However, two broad theories of catalytic action have been 
proposed. First theory known as intermediate compound 
formation theory explains successfully the homogeneous 
catalysis while second theory termed as adsorption theory 
explains the heterogeneous catalysis. 

1. Intermediate compound formation theory: This 
theory was proposed by Clement and Desormes in 1806. 

According to this theory, the catalyst first forms an 
intermediate compound >vith one of the reactants. The 
intermediate compound is formed vvith less energy 
consumption than needed for the actual reaction. The 
intermediate compound being unstable combines with other 
reactant to form the desired product and the catalyst is 
regenerated. 

For example, a reaction of the type - 

A. ^ E = AE 

which occurs in presence of a catalyst K, may take place as, 

A + E = AK (Slow reaction) 

Catalyst Intermediate 
compound 

AK + B = AB + K (Fast reaction) 

Product Catalyst 


Rate ^K'[A^{K catalyst] 
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Many catalytic reactions can be explained on the basis of this 
theory: 

(i) The catalytic oxidation of sulphur dioxide to sulphur 
trioxide in the lead chamber process probably takes place as: 


2NO + O, 


NO 2 + SO 2 


Intermediate product 

SO 3 + NO 

Product Catalyst 


(ii) The catalytic action of manganese dioxide on the 
decomposition of KCIO 3 was proposed by McLeod. The reaction 
probably takes place as follows: 

2Mn02 + 2KCIO3-> 2KMn04 + Cl^ + O2 


2 KMn 04 


2KCIO3 + [2Mn02-; 


. 2KMn04 + CI2 + O2 
> K 2 Mn 04 + Mn 02 + O 2 


. 2 KCI + 3 O 2 +[2Mn02] 


The reaction accounts for the fact that oxygen gjyen out is 
often contaminated with a little of chlorine. 

(iii) The formation of methyl benzene (toluene) from benzene 
and methyl chloride in presence of a catalyst anhydrous 
aluminium chloride can be explained in the following way: 


AIGU +CH,C1- 


C.H^+CCHj )"(AlCl4)- 


>(CH 3 )^(A 1 C 14 )- 

Intermediate compound' 

4C6H5CH3 +HC 1 +AICI3 

' ' .Catalyst. 


(iv) The formation of diethyl ether from ethyl alcohol using 
sulphuric acid as a catalyst can be explained as: 


C 2 H 5 OH + H 2 SO 4 
Catalyst 

C 2 H 5 HSO 4 + HOC 2 H 5 


■ C 2 H 5 HSO 4 
Intermediate compound 

■ C 2 H 5 OC 2 H 5 +H 2 SO 4 

Product Catalyst 


(v) The decomposition of acetaldehyde which occurs as 
follows. 


CH 3 CHO- 


can be explained as shown below: 

CH3CHO+ I2 — 


■ CH4 + CO 


CH 3 I +HI + CO 


. 21”.+ SoOf °.^.> I 2 + 2SOf 

The catalytic action can be explained as,- 


2Fe^'' + 2r 
2 Fe“'^ +S, 0 |“ 


t 2 Fe‘^^ +I 2 
■ 2 Fe-^-" + 2 SO^ 


2 . Adsorption theory: This theory explains the mechanism 
of heterogeneous catalysis. The old point of view was that when a 
catalyst is in solid state and the reactants are in gaseous state or in 
solutions, the molecules of the reactants are adsorbed bn the 
surface of the catalyst. The increased concentration of the reactants 
on the surface influences the rate of reaction (law of mass action). 
Adsorption being an exothermic process, the heat of adsorption is 
taken up by the surface of the catalyst which is utilised in 
enhancing the chemical activity of the reacting molecules. The 
view does nbtexplain the specificity of a catalyst. 

Adsorption is broadly of two types: physical and chemical. - 
The chemical adsorption is specific and involves chemical 
combination on the surface of the catalyst. The modem 
adsorption theory is the combination of intermediate compound 
formation theory and the old adsorption theory. The catalytic - 

activity is localised on the surface of the catalyst. The mechanism_ 

involves five steps: 

(i) Diffusion of reactants to the surface of the catalyst. 

(ii) Some form of association between the catalyst surface and 
the reactants occurs. This is assumed to be adsorption, 


—0—0—0—A 

1- I ' i +— 

— O —0 — 0 —B 
I I I Reacting 

■ ' ' .' molecules 

Catalyst surface having 
free valencies 


■0—0—0—A 


-O—O—O—B 


- 0 — 0 — 0 - 
■O —0 — 0- 


Catalyst 


+A-B'*' 

Product 


Adsorption of 
reacting molecules 


-O—O—O—A 


-O—O—O—B 


Activated complex 


Fig. 13.12 Adsorption of reacting molecules, formation of 
activated complex and adsorption of products 


CHjI-pHI - >CH4+l2 

CH 3 CHO-^CH 4 -i-CO 

This theory explains why a catalyst remains unchanged in 
mass and chemical composition at the end of the reaction and is 
effective even in small quantities. The scope of this theory is, 
however, limited as the formation of intermediate compound is 
possible in the case of homogeneous catalysis only. It also fails to 
explain the action of catalytic promoters, catalytic poisons and 
action of finely divided catalysts. 

(vi) Variable oxidation state of transition metals makes them 
eflicient catalysts. For example, Fe^"^ catalyses the reaction 
between iodide and persulphate ions. 


■■, (iii) Occurrence of chemical reaction on the catalyst surface. 

(iv) Desorption of reaction products away from the catalyst 
surface. 

(v) Diffusion-of reaction products away from the catalyst, 
surface. 

The catalyst surface is a seat of chemical forces of attracfeon.' 
There are free valencies on the surface of a catalyst. When 
■ comes in contact with such a surface, its molecules are- held up 
there due to loose chemical combination. If different molecules 
are adsorbed side by side, they may react and new molecules so 
formed may evaporate leaving the way for the fresh reactant 
molecules (Fig. 13.12). 
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In case, free valencies are responsible for the catalytic activity, 
it follows that with the increase of these valencies on the surface 
of a catalyst, the catalytic activity will be greatly enhanced. The 
free valencies can be increased in the following two ways: 

(a) Sub-division of the catalyst, 

(b) Rough surface of the catalyst. 

(a) Sub-division of the catalyst: The number of free 
valencies increases on disintegration. Finely powdered or 
colloidal catalyst particles having large surface area are very rich 
in free valencies. 

Actually, it is observed that finely divided nickel and colloidal 
platinum act as efficient catalysts. 

(b) Rough surface of the catalyst: There are a number of 
active spots in the form of edges, comers, cracks and peaks on a 


(vi) It adequately explains the poisoning of catalysts. The 
poisons are preferentially adsorbed at the active centres of the 
catalyst. This effect reduces the free valencies for the reacting 
molecules and,jthus, the catalytic activity decreases. 

(vii) Promoters are responsible for increasing the roughness 
of the surface of a cataiyst. This effect increases the free 
valencies for the reacting molecules and, thus, the catalytic 
activity of the catalyst is increased. 

Activity and Selectivity of Heterogeneous Catalysis 

Activity is 'the ability of a catalyst to accelerate chemical 
reactions. In certain cases the activity can be as high as 10’°, i.e., 
the catalysed reaction is lO'® times faster than the uncatalysed 
reaction. 


rough surface. They give rise to an increase in number of free 
valencies. These active spots enhance the adsorption and thereby 
increase the catalytic efficiency of the catalyst. 


H-,(g) + 0 -, 


2H2(g) + 02 (g) 


lNq .reaction. 


• 2 H 20 (g) 


— Ni—Ni—Ni— —iqi— —Ni— —Ml — 

—Ni—Ni—Ni— —► —Ni— + —Ni— + —Ni — 

—Ni—Ni—Ni— —Ni.Ni— —Ni — 

III I I I 

III i I I 

III I I I 

12 Free valencies 24 Free valencies 

Fig. 13.13 Increase in number of free valencies 

The adsorption theory explains the following facts of 
heterogeneous catalysis: 

(i) The surface of the catalyst is used again and again due to 
alternate adsorption and desorption. Thus, a small quantity of a 
catalyst can catalyse large amounts of reactants. 

(ii) Chemical adsorption depends on the nature of the 
adsorbent and adsorbate. Hence, catalysts are specific in action. 


Peak Peak 



Fig. 13.14 

(iii) Desorption leaves the catalytic surface unchanged. Thus, 
the catalyst at the end of reaction remains same in mass and 
composition. 

(iv) The energy of adsorption compensates the activation 

energy of the reacting molecules to some extent. Thus, the 
reactions occur at faster rate. A 

(v) Greater efficiency of the catalyst in,fiifcly divided state 
and rough surface. 


Selectivity of a catalyst is its ability to direct the reaction in such a 
way as to yield particular products excluding others, e.g., 

CH 3 


(i)CH 3 —(CH,);—CH 3 
ji-Hqjtatie 



"+ HjCg) 


11 -Heptane is catalysed by Pt to toluene. 

(ii) Propylene and oxygen selectively give acrolein over 
bismuth molybdate as cataiyst. 

Bismuth molybdate 

CH3 — CH = CH, + 0 ,-!> CH, =CH— CHO 

BiMo 04 Acrolein 

+ H 2 O 

(iii) Acetylene on hydrogenation in presence of Pt or Ni or Pd 
catalyst gives ethane. 

H—C= C—H + 2H2 (g) CHj — CHj 

Ethane 

Hydrogenation of acetylene in presence of Lindlar’s catalyst 
gives ethylene. 

Pd-BaS 04 


H~-C=C—H + H, 


--->CH 2 = CH 2 

Sulphur or Ethylene 
quinoline 


13.14 ACID-BASE CATALYSIS 

Generally, homogeneous catalysis in solution is brought about by 
acids and bases. On the basis of studies done by Arrhenius and 
Ostwald in the hydrolysis of esters and nitrites, it was established 
that in acid-base catalysis, it is the hydrogen ion or hydroxyl ion 
which acts as catalyst. 

Examples of add-frase catalysis: 

(i) Hydrolysis of an ester: 

or 

CH3C00C2H5(/) + H,0(/)->CH3C00H(/) + C 2 H 50 H(/) 

OH^ 

(ii) Inversioft of cane sugar: 

CuHizOn U) + H20(/) C,H,206 (0 + (/) 








Adsorption And Catalysis 


879 


(iii) Conversion of acetone into diacetone alcohol: 

OH ~ 

CH3C0CH3(/)+ CHjCOCHjCO--^ 

CH3 COCH2 • C(CH3 ) 2 OH(/) 

(iv) Decomposition of nitramide: 

OH~ 

NH2 • NO2 (/)-> Nj 0(g) + H20(/) 

The recent work has shown that all substances which have a 
tendency to lose or to gain protons can show catalytic activity, 
i. e, all Bronsted acids and bases act as acid-base catalysts. 

Mechanism of Acid-Base Catalysis 

(a) In acid catalysis, the proton given by Bronsted acid forms 
an intermediate complex with the reactant which then reacts to 
give back the proton (H ^ ). For example, the hydrolysis of ester 
occurs in the followinp manner-_ 


13.15 ENZYME CATALYSIS 

Enzymes are complex nitrogenous organic compounds which are 
produced by living plants and animals. Enzymes are actually high 
molecular mass protein molecules. Enzymes form colloidal 
solutions in water and are very effective catalysts. They catalyse 
numerous reactions, especially those connected with natural 
processes. Numerous reactions occur in the bodies of animals and 
plants to maintain the life process. These reactions are catalysed 
by enzymes. The enzymes are thus termed as biochemical 
catalysts and the phenomenon is known as biochemical 
catalysis. 

Many enzymes have been obtained in pure crystalline state 
from living cells. However, the first enzyme was synthesised in 
the laboratory in 1969. The following are some of the examples 
of enzyme catalysis:_^^_ 


CH3—C—OC2H5 +H^ 


OH- 


CH,—C —OC,H, 


•CH, — C—OC,H, 


•CH3C -lC,HcOH-lH^ 


H (H) 

The mechanism of keto-enol tautomerism of acetone is: 
O OH^ 


CH3—C—CH3 

Keto form 


CHj—C-- CHj 

Intermediate 

complex 


->CH3 —C=CH2 + H^ 

Enol form 

(b) In base catalysed hydrolysis, the OH' ion or any 
Bronsted base accepts a proton from the reactant to form an 
intermediate complex which then reacts or decomposes to 
regenerate the OH ' or Bronsted base. In presence of OH " ions, 
the decomposition of nitroamine can be shown as: 

NH2NO2 + OH'-> NHNO2 + H2O 


or in presence of CH3 COO ions, 
NH2NO2 +CH3COO'-> 


N2O+OH' 


NHNO; +CH3COOH 


OH' +CH3COOH- 


N2O+OH' 
•CH3COO' +H2O 


- X. iiv iii T WJ. I.UUV 11IV 

converts cahe sugar into glucose and fructose. 

C12H22O11 (/) + H 20 (/) C6H12O6 (/) + C6H12O6 (/) 

Cane sugar Glucose Fructose 

(ii) Conversion of gluc^. uxto ethyl alcohol: The zymase 

^enzyjne_converts-glueose4nto-ethyl-alGGhol-an4-GaFbGn-di0x-ide;— 

^ Zymase 

CfiHij Og (/)-> 2C2H5 OH(/) + 2CO2 (g) 

Glucose Ethyl alcohol 

(iii) Conversion of starch into maltose: The diastase 
enzyme converts starch into maltose. 

2(C^Os )n (0 + «H20(/) — ) nC,2H220,1 (/) 

Starch Maltose 

(iv) Conversion of maltose into glucose: The maltase 
enzyme converts maltose into glucose. 

Q2H22O,, (/) + H20(/) — ) 2C6H,206(/) 

Maltose Glucose 

(v) Deconqiosition of urea into ammonia and carbon 
dioxide: The enzyme urease catalyses this decomposition. 

NH2 CONH2 (/) + H2 0(/) 2NH3 (g) + CO2 (/) 

(Vi) In stomach, the pepsin enzyme converts proteins into 
peptides while in intestine, the pancreas trypsin converts proteins 
into amino acids by hydrolysis. 

(vii) Conversion of ethyl alcohol into acetic acid: The 

Mycoderma aceti enzyme converts dilute solutions of alcohol 
into acetic acid and water. 


C 2 H 50 H(/)+02(g) 


Mycoderma aceti 


CH3C00H(/) + H20(/) 


(viii) Conversion of milk into curd: It is an enzymatic 
reaction brought about by lactic bacilli enz3mie present in curds. 

(ix) The enz3mie fumerase catalyses the hydration process of 
■fumerate ion. 


H GOO" 

/C=c( 

OOC H 

Fumerate ion 


+H2O 


H H ; 

m 

1 

3 

—C—C—COO' 


OH OH 

1 

ii 

L-malateion 

■v'^T 





880 


G.R.B. Physical Chemistry For Competitions 


This reaction shows selectivity of enzymes because fiimerase 
enzyme is unable to catalyse ‘Cis’ isomer, /. e., malate ion. 

(x) In our body, the enzyme carbonic anhydrase catalyses 
the following reaction: 

CO 2 (aq) + HjOC/) {aq.) + HCO 3 {aq.) 

Forward process takes place when COj goes to tissues from 
blood, whereas backward process takes place when COj gas is 
released from the blood to the lungs. 


(ii) High specific nature: Each enzyme is specific for a 
given reaction, i. e., one catalyst cannot catalyse more than one 
reaction. For example, the enzyme urease catalyses the 
hydrolysis of urea only. It does not catalyse any other amide, not 
even methyl urea. 

(iii) Temperature dependence: The rate of an enzyme 
. reaction depends on the temperature. The enzyme activity rises 
rapidly with temperature and becomes maximum at a definite 
temperature, called the optimum temperature. Beyond the 


Carbonic anhydrase has very high efficiency, one molecule of 
it catalyses 10 * substrate molecules. 

(xi) Lysozyme is found in the tear of our eyes. It protects our 
eyes from bacteria. It breaks down the cell wall of bacteria and 
then it ruptures due to endo-osmosis. 


optimum temperature, the enzyme activity decreases and 
ultimately becomes zero. The enzyme activity is destroyed at 
about 70° C. The optimum temperature of enzyme reactions 
occurring in the human body is 37° C. At higher temperatures 
(fever), the enzyme activity becomes less. The favourable 
temperature range for enzymatic activity is 25—37 ° C. 


jxiij iNitrogenase enzyme is tound m me bacteria ot me root 
n odules of l e guminous plants such as peas and beans. It catalyses 
the nitrogen fixation,. L e., conversion of N 2 from atmosphere to 
the'NHj in the soil. 

Table 13.1 gives the summary of some important enzymatic 
reactions: ‘‘ 


-(M pH dep.end.ence: The rate of an enzvme-catalvsed 

reaction varies with pH of the system. The enzyme activity is 
maximum at a particular pH called optimum pH. The optimum 
pH of enzyme reactions occurring in human body is 7.4. The 
favourable pH range for enzymatic reactions is 5-7. 

Activity of enzyme decreases above and below the optimum 


___Ta J>lel3JI Sain e cazynalfc itsKtioiis ' 

Somte En^auticnnclMHi 

1. Inyertase Yeast Sucrose-> Glucose and fmctose 

2. Zymase Yeast , Glucose-> Ethyl alcohol and 

carbon dioxide 

3. Diastase Malt Starch-> Maltose 

4. Maltase Yeast Maltose-» Glucose 

5. Urease Soyabean Urea-> Ammonia and 

carbon dioxide 

6. Pepsin Stomach Proteins-> Amino acids 

7. Trypsin Intestine Proteins-> Amino acids 

8. Amylase Saliva Starch --—> Glucose 


pH. Effect of pH on enzymatic rate may reflect denaturation. 



5.6 .8 9 10 

-pH-^ 

Fig. 13.15 

(v) No effect on equilibrium state: Like ordinal^ 

catalysts, enzymes cannot disturb the final state of equilibrium of 


9. Lactic bacilli Curd Fermentation of milk a reversible reaction. , 


10, Mycoderma Vinegar Ethyl alcohol-> Acetic acid 

aceti 

11, Lipase Castor seed Fat-> Glycerol 

12, Ptylin Saliva Starch-> Sugar 

Characteristics of Enzyme Catalysis 

Enzyme catalysis is intermediate between homogeneous and , 
heterogeneous catalysis. In general, it is similar to inorganic 
heterogeneous catalysis and sometimes it is called 
microheterogeneous catalysis. However, it is unique in its 
efficiency and high degree of specificity. The following 
characteristics are exhibited by enzyme catalysts: 

(i) Most efficient catalysts: The enzyme-catalysed 
reactions are very fast in comparison to the reactions catalysed by 
inorganic substances. This is due to the fact that activation energy 
of a reaction in presence of an enzyme is low. One molecule of an 
enzyme may transform one million molecules of the reactant per 
minute. 


(vi) Colloidal nature: Enzymes form colloidal solutions in 
water. Their efficiency is retarded in presence of large quantities 
of electrolytes. Enzymes are destroyed by ultraviolet rays. 

(vii) Activators or coenzymes: The enzymatic activity is 
increased in the presence of certain substances, known as 
coenzymes. It has been observed that when a small non-protein 



Fig. 13.16 Effect of activators on the rate of enzyme catalysis 
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(vitamin) is present along with an enzyrne, the catalytic activity is 
enhanced considerably. 

Activators are generally metal ions such as Na , Mn , Co , 
Cu , etc. These metal ions, when weakly bonded to enzyme 
molecules, increase their catalytic activity. Amylase in presence 
of sodium chloride, i.e.. Nations are catalytically very active.; 

(viii) Inhibitors and poisons; Like ordinary catalysts, 
enzymes are also inhibited or poisoned by the presence of certain 
substances. The inhibitors or poisons interact with the active 
functional groups on the enzyme surface and often reduce or 
completely destroy the catalytic activity of the enzymes. 

The use of many drugs is related to their action as enzyme 
inhibitors in the body. 


Step 3 . Decomposition of EP into products and enzyme 
again, EP - ^P-\-Ei 

This mechanism accounts for the high specificity of enzymatic 
reactions. 

The rate of enzyme catalysed reaction is given by; 

rate = [iiS] = — ?i— (Michaelis-Menten equation) 
K,„+[S] 

= Michaelis- Menten constant 
[S'] = Concentration of substrate 
[£■ ] = Concentration of enzyme 
Case I. When, [5 ] »> K ,„, then can be neglected. 
T7lRate“^j^^£'7andnEhFTeacfion belongs to tirst order. I'he 


Reaction 

rate 


Enzyme + Inhibitor 


Dividing eq, (i) by (ii) 


Fig. 13.17 Effect of Inhibitor on the rate of enzyme catalysis 

Mechanism of enzyme catalysis: There are a number of 
cavities present on the surface of colloidal particles of enzymes. 
These cavities are of characteristic shape and possess active 
groups such as —NHj, —COOH, —SH, —OH, etc. These are 
actually the active centres on the surface of enzyme particles. The 
molecules of the reactant (substrate), which have complementary 
shape, fit into these cavities just like a key fits into a lock. On 
account of the presence of active groups, an activated complex is 
formed which then decomposes to yield the products. 


E -+ S 


E-S complex 


E + P 


Active site 






Enzyme Substrate 
(catalyst) (reactants) 


Enzyme-substrate 

complex 

Fig. 13.18 


Enzyme 


Michaelis and Menten suggested the following mechanism for 
enzyme catalysis: 

Step 1 . Binding of enzyme to substrate to form an activated 
complex, 

k\ 

£ + 5 ' 

Step 2. Product formation in the activated complex. 


when,£„ =[S],r=-r^ 

Case IL When, [S ] «< K „, then reaction will be of second 
order. 


Rate = -^[£][S] 


(Second order rate law) 


Enzyme kinetics may be graphically represented as ; 






Fig. 13.19 Variation with time in enzyme catalysis 

Competitive Enzyme Kinetics 

Enzyme X and enzyme Y catalyse the same reaction and 
exhibit Ug (rate) versus [S] curves shown ahead : 


ES 






882 


G.R.B. Physical Chemistry For Competitions 



At low substrate concentration, en 2 yme Y will be more 
efficient because activation energy will be low, in the presence of 
enzyme (Y). At high substrate concentration, enzyme X will be 
more efficient. 

CATALYSTS IN INDUSTRY 

Some of the important technical catalytic processes are listed in 
table 13.2 as to give an 'dea about the utility of catalysts in 
industries. 


Table 13.2 Some Industrial Catalytic Processes 


' .. Process _ . 

1. Haber’s process for the manufacture of ammonia. 

N2fe)+3H2(g)^2NH3(g) 

2. Ostwald’s process for the manufacture of nitric acid. 

4NH3(g) + 502(g)-> 4N0(g) + bHjOCg) 

2N0(g)+ 02 (g) ^2N02(g) 

^ 4N02(g) + 2H2t)T/)"T13^rgr==?AHbr07(7)'- 

3. Lead chamber process for the manufacture of sulphuric acid. 

2S02{g)+ 02 (g) ^ 2 S 03 (g) 

S 03 (g)+H 20 (/)— ^njso.u) 

4 . Contact process for the manufacture of sulphuric acid. 

2S02{g) + 02 (g) ^ 2 S 03 {g) 

S 03 (g) + H2S04(/) -> HjSjO/O 

Oleum 

H2S207(/) + H20(/)-> 2H2S04(/) 

5. Deacon process for the manufacture of chlorine. 

4HCl(g) + 02 (g)-> 2H20(/) + 2Cl2(g) 

6. Bosch process for the manufacture of hydrogen. 

CO + H 2 + H20(/)-> COjfg) + 2H2(g) 

Water gas 

7 . Synthesis of methanol. 

. CO(g) + 2H2(g)-> CHjOHd) 

8. Hydrogenation of vegetable oils. 

Oil(/) + H 2 (g)-> Vani^pati ghee(i) 

9. Manufacture of ethyl alcohol by fermentation of molasses 
(sugar solution). 

InvertaK; 

C,2H220„(0 + H20(/)-> QH, 205(0 + QHiaOjC/) 

Zymase 

QH, 205(0 -> 2 C 2 H 50 H(/) + 2C02(g) 

> 

10. , Manufacture of ethyl alcohol from starch. 

■ > Diastase 

(a) Starch- > Maltose 

Maltase Zymase 

(b) Maltose-> Glucose- > Alcohol , 

11. Manufacture of acetic acid from ethyl alcohol. 

C 2 H 50 H(/) + 02 (g)-> CH3Cq0H(/)+ H20(/) 

12. Beigius process for the synthesis of petrol from coal. 

Coal + H 2 (g)-^ Mix. of hydrocarbons 

13. Polymerisation of ethene to polythene. 

«CH2=CH2-> -K;H2 - CHj^ 

Ethene Polythene 


' _ Catalyst _ ■ ' '' : 

Finely divided iron. Molybdenum as promoter. Conditions: 200 
atmospheric pressure and 450-500°C temperature. 

Platinised asbestos 
Temperature 300°C. 


Nitric oxide. 


Platinised asbestos or vanadium pentoxide {Y 2 O 5 ). 
Temperature 400 - 450°C. 


Cupric chloride (CUCI 2 ). 

Temperature SOO^C. 

Ferric oxide (Fe 203 ) + chromic oxide as a promoter. 
Temperature 400-600°C. 


Zinc oxide (ZnO) + chromic oxide as a promoter. 
Pressure 200 atmospheres and temperature 250“C 

Nickel (finely divided). 

Temperature 150 -200°C. High pressure 

Invertase enzyme and Z3?mase (yeast) enzyme 
Temperature 25-30°C. 

Conversion occurs in 2 or 3 days. 


Germinated barley (diastase enzyme) 

Temperature 50 - 60°C. 

Yeast (maltase and zymase enzymes). 

Temperature 25-30°C. 

Mycoderma aceti. 

Temperature 25-30°C. 

Ferric oxide (Fe 203 ) Temperature 475°C. Pressure 200 atmosphere, 
TiCl 4 and A1(Ziegler Natta Catalyst) 
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13.17 ZEOLITES 

Zeolites are naturally occurring or synthetic microporous 
aluminosilicates of general formula: 

[(AlOil^CSiOjl^lm-HjO 
where, A/ = Na^, or Ca^"^ like metals 
n = valency of metal cation 
m = molecules of water of crystallization 

Zeolite may be considered as 
open stmcture of silica in which 
trivalent aluminium has been 
substituted in a fraction xl{x+ y) 
of tetravalent sites occupied by 
silicon atoms. Since a substitution 
of an atom of silicon by alumi n i u m 
generates one negative charge on 
the aluminosilicate frame work, 
substitution of x atoms generates x Truncated octahedron, 
negative charge on the 

aluminosilicate framework. This charge is neutralised by the 
exchangeableiationsJ^-of-valency w.-The-void-spaces-which can-- 
be greater than 50 % of the volume are occupied by ‘m’ molecules 
of water in the unit cell. Zeolite is derived from the Greek 
language which means ‘boiling stone’ because the water trapped 
in void spaces boils off when the naturally occurring zeolite stone 
is heated. Building block of zeolite is. truncated octahedron 
(Cubo-octahedron). This structure is called P-cage or sodalite 
cage. 

Stoichiometric formulae of some well known zeolites are: 

(i) Faujasite (natural) Na 56 [(A 102 ) 56 (Si 02 )i 36 ] 250 H 2 O 

(ii) Gemelinite Na 2 Ca(A102) 2 (Si02) 4 • 6H2 O 

(iii) Zeolite sieve of molecular porosity -5 (ZSM- 5 ) 

HJ(A102)^(Si02)96_J.16H20 

(iv) Erionite Na2K2CaMg(A102)2(Si02)2.6H2 0 

Shape selectivity of zeolite: Zeolite is the most widely 
studied shape selective catalyst. Shape selectivity of zeolite ' 
depends upon pore structure of the catalyst, pore size generally 
varies between 260 pm to 740 pm. Such catalysts are highly 
specific, it is because molecules of only a particular size and 
shape can enter these pores and get adsorbed. Shape selectivity of ^ 
ZSM -5 in the conversion of alcohols into hydrocarbons are given 
in following table. The table gives the percentage of different 
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hydrocarbons in the mixtures of hydrocarbons obtained" from two 
different alcohols, /.e. ,CH3 0H (methyl alcohol) and nC7H,50H. 
(n-heptyl alcohol). 


Product 

Starting with 
Ci^OH(%) 

Starting With CfMuOM 
(%) 

Methane 

1.0 

0.0 

Ethane 

0 

/ 

0.3 

Isobutane 

18.7 

19.3 

n-butane 

5.6 

11.0 

Iso-pentane 

7.8 

8.7 

Benzene 

1.7 

3.4 

Toluene 

10.5 

14.3 

Xylene 

■ 17.2 

11.6 


Persorption : ItTs^special type of sorption, introducedTbjr 
McCain. Persorption is the process in which the molecules like 
H2O, CH3OH, C2H50Hare adsorbed in the internal cavity of 
zeolite or chabazite (CaAl2Si40i2 • 6H2O) 

Phase transfer catalyst: Substrate dissolved in organic 
layer and an anionic reagent dissolved in the aqueous layer are 
brought togethe r by a c atalyst. The catalyst transports the anion 
into the organic phase where reaction takes place with the 
substrate. 

Quaternary ammonium and phosphonium salts with their 
unique ability to dissolve in both aqueous and organic liquids are 
the most suitable phase transfer catalysts. 

13.1| AUTOMOBILE CATALYTIC CONVEFTTER 

Automobile exhaust systems are being designed with built in 
catalytic converters. This system cf;a^ains two types of hetero¬ 
geneous catalyst, powdered noble metals and powdered transition 
metal oxides. They catal3^e the oxidation of unbumed hydrocarbon 
fuel and of partial combustion products such as carbon monoxide.. 

ZCgHis -t- 2502(g) —^ 16 C 02 (g) + 18 H 20 (g) 

Iso-octane 

2CO(g) + 02 (g) 2C02(g) 

NiO 

' The same catalysts also catalyze another reaction, the 
decomposition of nitrogen oxide NO, into harmless N2 and O2. 

2NO(g)—^N2(g) + 02 (g) 

NiO' 
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Summary and Important Points to Remember 


1 . Adsorption: It is a tendency of accumulation of 
molecular species at the smrface Of a solid or liquid. The 
molecular species which accumulates is termed adsorbate and 
the material on whose surface adsorption has taken place is called 
adsorbent. The process of removing an adsorbed substance from 
the surface of the adsorbent is called desorption. 

2. Distinction between adsorption and absorption: In 
adsorption, the substance is concentrated only at the surface 
while in absorption, the substance is uniformly distributed 
throughout the bulk of the adsorbent. In adsorption, the 
concentration of the adsorbate increases on the surface only 
while in absorption, the concentration is uniform throughout the 


6. Adsorption from solution phase: Solids can adsorb 
solutes from solutions also. Litmus solution becomes colourless 
when shaken with charcoal. Similarly, when a solution of acetic 
acid in water is shaken with charcoal, a part of the acid is 
adsorbed by charcoal. In such cases, the following observations 
have been made: 

(i) The extent of adsorption decreases with the rise of 
temperature. 

(ii) The extent of adsorption increases with the surface area of 
the adsorbent. 

(iii) The extent Of adsorption depends upon the concentration 


adsorption is instantaneous while absorption is a slow process. 

3 . Physical adsorption or physisorption: If the forces of 
attraction existing between adsorbate and adsorbent are van der 
Waals’ forces, the adsorption is called physical adsorption or 
physisorp tion. In ge neral, m or e easily liquefi able g ases are 
readily adsorbed near their critical temperatures. It is generally 
reversible. It occurs readily at low temperature and decreases 
with increasing temperature. The extent of adsorption increases 
with increase of surface area and increase of pressure. Heat of 
adsorption is quite low (20- 40 kJ mol"' or about 5 kcal moP'). 

4 . Chemisorption: If the forces of attraction between 
adsorbate particles and adsorbent are almost of the same sttength 
as chemical bonds, the adsorption is termed chemisorption or 
Langmuir adsorption. This type of adsorption is highly specific 
and commonly irreversible in nature. It is slow at low 
temperature but increases with rise of temperature on account of 
high energy of activation. High pressure is favourable for 
chemisoiption. Heat of adsorption is high (40- 400 kJ mol“' or 

10-100 kcal mol~’). It also increases with increase of surface 
area. 

5. Adsorption isotherms: The curve showing the 
variation of the amount of adsorbate at a particular temperature 
with pressure or concentration is termed adsorption isotherm. 

Freundiich adsorption isotherm: Freundlich, in 1909, 
gave an empirical relationship between the quantity of adsorbate 
adsorbed by rmit mass of solid adsorbent and pressure at a 
particular temperature. The relationship is expressed by the 
following equation: 

m 

where, xis the mass of gas adsorbed, m is the mass Of adsorbent, P 
;is the pressure of gas and k, n are constants. Another form of 
equation is: 

log — = log + - log P 
m n ! 

This is the equation of a straight line. The slope of the straight 

line gives the value of - and the intercept on the y-axis gives the 
n ! 

value of log L 


log — = log A: + - log C 
m n 


adsorption are: 

(i) Production of high vacuum. 

(ii) Gas masks—It is a device which consists of activated 
charcoal. This is used to adsorb poisonous gases. 

(iii) Humidity control—Silica gel and aluminium gel are used 
for this purpose. 

(iv) Removal of colouring matter from solutions—^Animal 
charcoal is used for decolorising cane sugar. \ 

(v) Heterogeneous catalysis (vi) Separation of inert gases by 

coconut charcoal (vii) Softening of hard water 
(viii) De-ionising of water (ix) Cleaning agents (x) Froth 
floatation process (xi) Adsorption indicators 
(xii) Chromatographic analysis (xiii) In medicines. — 

8 . Catalysis: Substances which alter the velocity of a 
reaction by mere presence, without imdergoing any change in 
mass and composition, are termed catalysts and the phenomenon 
is known as catalysis. Catalytic reactions are broadly divided into 
two groups: (i) Homogeneous catalysis (ii) Heterogeneous 
catalysis. When the reactants and catalyst are in the same phase, 
the catalysis is said to be homogeneous catalysis. 


Examples: 2 SO 2 (g) + Oj (g) - 

HC1(/) 

CH 3 COOCH 3 (/) + H20(/)- 


^2S03(g) 

■ CH 3 COOH(/) + CH30H(/) 


H2S04(/) 

C,2H220„(/)+ H20(/)->C,H,206(/)+ 

(ii) Those catalytic reactions in which the physical state of 
reactants is different from the catalysts are termed heterogeneous 
catalysis. 

PtO) 

Examples: 2SO2 (g) + O2 (g)-> 2SO3 fe) 

Fe(s) 

N2(g)+3H2(g)->2NH3(g) 
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Pt(s) 

4 NH 3 (g) + 5O2 (g)-^ 4 NO(g) + 6 H 20 (g) 

CujCljW 

4 HCl(g) + O2 (g)-^ 2H2 0 (g) + 2CI2 (g) 

9. Types of catalysis: 

(i) Positive catalysis: When the rate of reaction is 
accelerated by a foreign substance, it is said to be a positive 
catalyst and the phenomenon is positive catalysis. 

(ii) Negative catalysis: The substance which when added 
to the reaction mixture, retards the reaction rate is termed 
negative catalyst and the phenomenon is known as negative 
catalysis. 

(iii) Autocatalysis: In certain reactions, one of the products 
acts as a catalyst. In the initial stages the reaction is slow but as 
soon as the products come into existence, the reaction rate 
increases. 

— (iv) Induc e d catalysi s : — Wh e n one reactien influences th e- 
rate of another reaction, which does no t occur under o tdioary- 
conditions, the phenomenon is known as induced catalysis. 

10. Characteristics of catalysis: The following are the 
characteristics which are common to most of the catalytic 
reactions: 

(i) A catalyst remains unchanged in mass and chemical 
composition at the end of the reaction. 

(ii) A small quantity of the catalyst is generally sufficient to 
catalyse almost an unlimited reaction. 

(iii) A catalyst carmot initiate the reaction. 

(iv) The catalyst is generally specific in nature. 

(v) The catalyst cannot change the position of equilibrium 
in a reversible reaction. However, it can help to achieve 
the equilibrium state in lesser time. 

(vi) Substances which themselves are not catalysts but when 
mixed in small quantities with the catalysts enhance their 
efficiency are called as promoters or activators. 

(vii) Substances which destroy the activity of a catalyst by 
their presence are known as catalytic poisons. 

(viii) A catalyst has a particular temperature at which its 
activity is maximum. This temperature is termed as optimum 
temperature. 

(ix) A positive catalyst lowers the activation energy and 
provides a new pathway involving lower amount of activation 
energy. 


.11. Theories pf catalysis: Two broad theories of catalytic 
MJtion have beenproposed: 

(i) Intermediate compound formation theory: This was 
proposed by Clement and Desormes in 1806. According to this 
theory, the catalyst first forms an intermediate with one of the 
reactants, .which being unstable combines with other reactants to 
form the desired product and the catalyst is, regenerated. 

AK (catalyst) = AK (intermediate) 

'ak + b = ab + k 

The scope of this theory is limited as the formation of 
intermediate is not possible in the case of many reactions. 

It also fails to explain the action of promoters and poisons. 

(ii) Adsorption theory: The catalytic activity is localised 
on the surface of a catalyst. The molecules of the reactants are 
adsorbed on the surface of the catalyst. The increase in 
concentration of the reactants on the surface increases the rate of 
reaction (law of mass action). There are free valencies on the 
surface which are responsible for loose chemical combination of 
the reactants with the catalyst. If different molecules are adsorbed 
side by side, they may react readily and new molecules are 
formed which evaporate leaving the way for the fresh reactant 
molecules. The free valencies can be increased in two ways: 

_^(a.)-..S,ub=dlvision.of-the-^cataLy.st,-_:___ ■ - - . ■ - - -i;_ 

(b) Rough surface of the catalyst. 

Adsorption theory is a better theory as it can explain a number 
of characteristics of the catalyst, especially a heterogeneous 
catalyst. 

12. Enzyme catalysis: Enzymes are complex nitrogenous 
organic compounds of high molecular masses produced by living 
plants and animals. Eirzymes are protein molecules, form 
colloidal solutions in water and catalyse numerous reactions 
especially connected with natural processes. The enzymes are 
also termed as biochemical catalysts and the phenomenon is 
known as biochemical catalysis. 

The catalytic activity of enzymes is perhaps the greatest of all 
the catalysts. Their activity is also due to their capacity to lower 
the activation energy for a reaction. Each enzyme can catalyse a 
specific reaction. The enzyme reactions are sensitive to 
temperature and pH. Generally, the optimum temperature varies 
between 290-300 K and the favourable pH range is 5-7. 
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uestion: 



1 . Matrix Matching Problems (For IIT Aspirants): 

[A] Match the reactions of Column-I with the catalysts in 
Column-II: 

Column-I Column-11 

(Reaction) (Catalpt) 

(a) 2 KC 103 (s) -> 2KCl(s) + SOjCg) (p) AljOj 

(b) ISO^ig) + OjCg)-> 2 S 03 (g) (q) Pt 

(c) 2 Ufi 2 ir> 2HaO(i) + O^Cg) (r) V^Oj 

(d) N^Cg) + SHjCg)-> 2 NH 3 (g) (s) MnO^ 

[B] Match the reaction in List-1 with the catalyste in List-II 
and types of catalysis in List-Ill: 

LisM . Uit-II List-111 

_ (a) Oxidation of SO; to (eLNO_ _ (u) Positive cataly st 

_ SO^ in lead chamber _ 

process 

(b) Synthesis of methanol (q) Pt (v) Poisoned by CO 


from CO and 

(c) Oxidation of CO to CO 2 (r) V 2 O 5 ( 

_.(d).Oxidation of NHj—to_(s). Rh-. i 

NO in Ostwald’s process 

[C] Match the Column-I with Column-II: 


(w) Heterogeneous 

(x) Homogeneous_ 


Ctdtamii-l 

(a) ZSM-5 

(b) Erionite 

(c) Gemelinite 

(d) Cavity size 
550 pm 


Column-II 

(p) Na 2 K 2 CaMg(A 102 ) 2 (Si 02)2 • 6 H 2 O 

(q) Catalyst to convert alcohol to 
gasoline (petrol) 

(r) Na2Ca(A102)2(Si02)4 •6H2O 

(S) H,[(A102)^(Si02)96_ J-16H20 


[D] Match the List-I with List-II: 

List-i ytt-ii 

(a) Mo (p) Promotor 

(b) Cu (q) Negative catalyst 

(c) TEL (r) Decomposition of hydrogen 

peroxide 

(d) Glycerine (s) Haber process 

[E] Match the Column-I with Column-II: 

Coiumn-1 Coiumn-Il 

(a) Removal of water by (p) Absorption 
silica gel 

—(b)-Removah>fwaterby-(q>Adsorptk)n- 

- anhydrou s-CaQ 2 ---^- 

(c) Surface phenomena (r) Evaporation of liquid 

(d) Bulk phenomena (s) Boiling of liquid 

[F] Match the Column-I with Column-II; 

Column-1 CoIumn-Il 




(p JTnHibitor Ti^ecomposifi^^ 
ofHaOj 
(q) Catalyst 


(b) Acetamide (q) Catalyst 

(c) Zeolite (r) Removes hardness of water 

X / Q 

(d) Nickel (s) Poison for Pd in Lindlar’s 

catalyst 

[G] Match the phenomena in Column-I with exan^le in 
Colunui-II: 

C^mn-l C^mn-Il 

(a) Persorption (p) Hj on Ni surface 

(b) Sorption (q) CH 30 Hin chabazite 

(c) Negative adsorption (r) NH 3 in HjO 

(d) Occlusion (s) Dil. NaCl on blood charcoal 



1. [A] (a—s); (b—q, r); (c—q); (d—p). [D] (a—p, s); (b—p); (c—q); (d—r). 

[B] (a—p—X, u); (b—q, s—v, u); (c—p—x, u); [E] (a—q); (b—p); (c—q, r); (d—p, s). 

(d—q—u,v,w). [F] (a_s); (b—p); (c—q, r); (d—q). 

[C] (a—q, s); (b—p); (c—r); (d—s). [G] (a--q); (b—r); (c—s); (d—p). 









1. Show that the maximum enzyme catalysed reaction rate will 
occur for _ 

The general pH control enzyme catalysed reaction is 
EVt ^ E 

Only EH ^ is capable for binding substrate and catalysing the 
desired reaction; 

' [EHf ] ’ ' [EH^] 

[Hint: = 

[EH^^ ] 


■ CH 3 I + HI + CO 


In nH control it may be considered that IE! 


enzyme combines almost completely with H * ions. 

Thus, ArjAj » [H^ f ; [H* ] = ] 

The rate of decomposition of acetaldehyde into methane and 
CO in the presence of I 2 at 800 K follows the rate law 

7 - . -Rate =Tfc [CHjCHOirij]- 

The decomposition is believed to go by a two steps 
mechanism: 

CH3CHO +12-> CH3I + HI + CO 

CH3I + HI ->CH4 +I2 

What is the catalyst for the reaction? Which of the two steps is 
a slower one? 

[Ans. I2 is catalyst; first step is slow.] 

A solution of palmitic acid (M = 256) in benzene contains 
4.24 g acid per litre. When this solution is dropped on the 
water surface, benzene evaporates and palmitic acid forms 
monomolecular film of the solid type. If we wish to cover an 
area of 500 cm^ with a monolayer, what volume of solution 
should be used? The area occupied by one palmitic acid 
molecule may be taken to be 2.1 x 10"^® m^. 

[Ans. 0.0239 cm^] 

[Hint: V litre volume of solution taken. 

W = ( 4.24 X E ) g 
W 

Number of atoms =-^— x Avogadro’s number 

Atomic mass 


Area = 500 x 10~^ m^ ■ 


X 6.023 X 10 “ 


X 6.023 X 10 “ 
256 


X 21x10“ 


V = 0.0000239 litre = 0.0239 cm^ ] 

Give the mechanism of the following reactions: 

(a) In lead chamber process, NO(g) is used as catalyst in the 
oxidation of S 02 to SO 3 . 


(b) NO(g) catalyses the decomposition ozone to dxy 5 

(c) Ozone layer depletion by Freon or Teflon. 


[Hint: (a)2N0(g)+02(g)- 


2 NO 2 

Intermediate 


2N02(g) + 2S02(g)-> 2S03(g) + 2NO(g) 


S02(g)+H20+N02(g)- 


H2SNO5 


- 

N02(g)+0(g)- 

203 (g)- 


. HjSNOj 


. H 2 SO 4 + NO(g) 

> N04g) + 0^(g) _ 

rO^gprOtgr - 

> NO(g) + 02 (g) 

> 302 (g) (Overall reaction) 


(c) Chlorine atoms furnished by freon and teflon act as a 
catalyst in the decomposition of ozoire in' t^^^ layer. 


O 3 ^ -—> O 2 + [ 0 ] 

O 3 + Cl-> O 2 + OCl 

pa + o —> Cl + O2 ] 

5. One gram of charcoal adsorbs 100 mL of 0.5 M CH 3 COOH to 
form a mono-layer and thereby the molarity of acetic acid is 
reduced to 0.49 M. Calculate the surface area of the charcoal 
adsorbed by each molecule of acetic acid. Surface area of 
charcoal = 3.01 x 10^ m^/gm. (OT 2003) 

[Hint: Number of moles of acetic acid initially present 
MV ^ 0.5x100 _ 

1000 1000 
Number of moles of acetic acid left 
MV 0.49x100 
1000 1000 

Number of moles of acetic acid adsorbed 
= 0.05 - 0.049 = 0.001 mol 
Number of molecules of acid adsorbed 

= 0.001 X 6023 X 10“^ = 6023 x 10^“ 

Area occupied by single molecule of acetic acid 
Total area 

Number of molecules adsorbed' 

3.01 X 10^ 

” 6023 X 10 “ 

= 5xl0“‘’m^] 










G.R.B. P* 


^tCAL CHEMtSTRY FOR COMPETITIONS 




. : Questions with single correct answer 

1. Adsorption is the phenomenon in which a substance; 

(a) accumulates on the surface of the other substance 

(b) goes into the body of the other substance 

(c) remains close to the other substance 

(d) oxidises or reduces the other substance 

2. Physical adsorption is appreciable at: 

(a) higher temperature (b) lower, temperature 

(c) room temperature (d) 100°C 

3. The rate of chemisorption: 

(a) decreases with increase of pressure 

(b) is independent of pressure 

(c) is maximum at one atmospheric pressure 

(d) increases with increase of pressure 

4. A poisonous gas is adsorbed at activated charcoal. The 
activated charcoal is: 

(a) absorber (b) adsorbate 

(c) adsorbent (d) absorbate 

5. Ch’rbthatd^aphy is a technique based bn: 

(a) solubilities of solute 

(b) adsorption of solute 

(c) chemical adsorption followed by dispersion 

(d) differential adsorption of different- constituents of a 
mixture 

6 . Which of the following is not a characteristic of chemisorption? 

(a) Adsorption is irreversible 

(b) A// is of the order of 400 kJ 

(c) Adsorption is specific 

(d) Adsorption increases with increase of surface area 

7. In the Freundlich adsorption isotherm equation ; 

logf I = log in- ilogF, the value of is: 

" |CET (J&K) 2009] 

(a) any value from 0 to 1 

(b) a negative integer 


10. Which one of the following is the correct statement? 

(a) Chemisorption is reversible in nature 

(b) Chemisorption is high at low temperature 
fc) Chemisorption depends on the nature of gas 

(d) Chemisorption does not involve activation energy 

11. A catalyst is a substance which; 

(a) increases the equilibrium concentration of the product 

(b) changes the equilibrium constant of the reaction 

(c) shortens the time to reach equilibrium 

(d) supplies energy to the reaction 

12. A catalyst: 

(a) increases the free energy change in the reaction 

(b) decreases the free energy change in the reaction 
(cjTdoes not increase or decrease the free energy change in the 

reaction 

(d) can either decrease or increase the free energy change 
depending on what catalyst we use 

13. Which of the following statements is more correct? 

(a) A catalyst only accelerates the rate of a chemical reaction 

(b) - A catalyst canretard-theTateof-a-Chemicalreaction- 

(c) A catalyst can control the speed of a reaction 

(d) A catalyst alters the speed of a reaction 

14. A catalyst is a substance which: |JEE (WB) 2008] 

(a) increases the equilibrium constant of the reaction 

(b) increases the equilibrium concentration of products 

(c) does not alter the reaction mechanism 

(d) changes the activation energy of the reaction 

15. Which of the following reactions is an exatnple for 


homogeneous catalysis? 

(a) 2 H 202 (/)- 

(b) 2 S 02 (g)+ 03 (g)- 

(c) 2CO(g) + 03 (g)- 

(d) HjCgj + CjHag)- 


ICET (J&K) 2006] 


2H30(/)+ 03(g) 

2S03(g) 

2C03(g) 

CzH^g) 


(c) a positive integer 

(d) a positive or negative fractional number 

8 . Which of the following is not the application of adsorption? 

(a) De-ionisation of water 

(b) Gasmasks 

(c) Hygroscopic nature of CaCl 2 

(d) Heterogeneous catalysis 

9. Which one of the following is not a correct statement? 

(a) Physical adsorption is reversible in nature 

(b) Physical adsorption involves van der Waals’ forces 

(c) Rate of physical adsorption increases with increase of 
pressure on the adsorbate 

(d) High activation energy is involved 


16. The substance which decreases the rate of a chemical reaction 
is called: 

(a) inhibitor (b) poison (c) moderator (d) promoter 

17. The decomposition of hydrogen peroxide can be slowed down by 
the addition of a, small amount of acetamide. The latter acts as: 
(a) inhibitor (b) promoter (c) moderator (d) poison 

18. The temperature at which the catalytic activity of the catalyst 
is maximum, is called: 

I 

(a) critical temperature (b) room temperature 

(c) absolute temperature (d) optimum temperature 

19. Efficiency of the catalyst depends on its; 

(a) molecular weight (b) number of free valencies 

(c) physical state (d) amount used 

20. Which of the following types of metals make the most 
efficient catalysts? 





21 . 


22 . 

23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 

32. 


33. 
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(a) Transition metals (b) Alkali metals 

(c) Alkaline earth metals (d) Radioactive metals 

Enzymes are made up of: [CG (PET & PMT) 2007| 

(a) edible proteins 

(b) proteins with specific stracture 

(c) nitrogen containing carbohydrate 

(d) carbohydrates 

In lead chamber process, which one of the following oxides is 
used as a catalyst? 

(a) NO , (b) NO^ (c) N 2 O 3 (d)_ 

Enzymes are: - 

(a) substances made by chemists to activate washing powders 

(b) catalysts found in organisms 

(c) synthetic catalysts 

(d) very active vegetative catalysts 



(aX-yeast_(h.)_CQ 2 __(d)_m _ 

Glucose or fructose is converted into C 2 H 5 OH in the presence 


of: 

(a) invertase (b) diastase (c) maltase (d) zymase 
The name catalysis was given by: 

(a) Rutherford (b) Langmuir 

(c) Graham (d) Berzelius 

In the reaction, KMn 04 + H 2 SO 4 + H 2 C 2 O 4 - > Products, 

Mn^'*'ions act as: 

(a) positive catalyst (b) negative catalyst 

(c) autocatalyst (d) enzyme catalyst 

In the Haber process of synthesis of NH 3 : 

(a) Mo acts as a catalyst and Fe as a promoter 

(b) Fe acts as a catalyst and Mo as a promoter 

(c) Fe acts as inhibitor and Mo as a catalyst 

(d) Fe acts as promoter and Mo as autocatalyst 

TEL minimises the knocking effect when mixed with petrol. It 
acts as: 

(a) positive catalyst (b) negative catalyst 

(c) autocatalyst (d) induced catalyst 

Edges and peaks are more effective in a catalyst because: 

(a) they have more free valencies 

(b) they have limited number of atoms 

(c) they have limited number of molecules 

(d) none of the above, 

Hydrolysis of starch involves the use of the enzyme: 

(a) maltase (b) zymase , 

(c) invertase (d) diastase 

Which of the following statements is incorrect? 

(a) Enzymes exist in colloidal state 

(b) Enzymes are catalysts 

(c) Enzymes can catalyse any reaction 

(d) Urease is an enzyme 

Which of the following catalysts is used in Friedel-Crafts 
reaction for preparation of toluene from benzene? 

(a) Anhydrous alununjum chloride 

(b) Nickel 

(c) Platinum (d) Palladium 


34. Platinised asbestos is used as a catalyst in the manufacture of 
H 2 SO 4 . It is an example of: 

(a) homogeneous catalyst (b) heterogeneous cktalyst 

(c) autocatalyst (d) induced catalyst 

35. The catalyst used in the manufacture of sulphuric acid by 
contact process is; 

(a) AI 2 O 3 (b) Cr 203 (c) V 2 O 5 (d) MnO, 

36. The formation of diethyl ether from ethanol is catalysed by; 

(a) H 2 SO 4 . (b) AI 2 O 3 (c) Cu (d) Ni 

37. Which of the following catalysts is sensitive to temperature 
changes? 

(a) Fe (b) Pt (c) Ni (d) Enzyme 

38. The catalyst used in the Deacon’s process for the manufacture 
of chlorine is; 

(a) Pt (b) CuCl, (c) VjOj ' (d) Fe 

39. A catalytic poison renders the catalyst ineffective because; 

(nT1991) 

(a) it is preferentially adsorbed on the catalyst 
(BX it adsOTbs the molecules of the reactants 

(c) it combines chemically with the catalyst 

(d) it combines with one of the reactants • 

40. A finely divided state of the catalyst is more efficient because 
iikthis state: 

(a) more surface area^i^OTaflabk.... ___ 

(b) more energy is stored in the catalyst 

(c) positive charge is acquired 

(d) negative charge is acquired 

41. The catalyst used in the hydrogenation of oils is; 

■ (a) V 2 O 5 (b) Fe (c) Ni (d) Pt 

42. Which of the following stateirients is not true? (MLNR 1993) - 

(a) The action of a catalyst is specific 

(b) The catalyst does not alter the equilibrium 

(c) A small amount of catalyst is sufficient to catalyse large 
amounts of reactants 

(d) The catalyst initiates the reaction . 

43. The cataly st used in the manufacture of hydrogen by Bosch’s 

process is: • ' ' - - 1 ^, 

(a) Fe 203 (b) CrjOj 

(c) Fe 203 + Cr.Oj (d) Cu' 

44. The catalyst used for olefin polymerisation is: 

[JEE (WB) 2009] 

(a) Ziegler-Natta catalyst (b) Wilkinson catalyst 

(c) Raney nickel catalyst (d) Merifield resin 

45. The modem theory of catalysis is based on: 

(a) active masses (b) atomic or molecular weights 

(c) size of the particles (d) number of free valencies 

46. According to adsorption theory of catalysis, the reaction rate 
increases, because: . 

(a) adsorption produces heat which increases the rate of 

reaction : 

(b) in the process of adsorption, the. kinetic: energy of the 
molecules increases 

(c) the concentration of reactants . at the. active centres 
becomes high due to adsorption . 

(d) the activation energy of the reaction becomes high due to 
adsorption 
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47. Which one of the following statements is false? 

(a) Enzymes are highly specific 

(b) Enzymes increase activation energy 

(c) Enzymes require optimum temperature 

(d) Enzymes require optimum pH 

48. An exanqile of an autocatalytic reaction is: 

(a) hydrogenation of oils 

(b) decomposition of nitroglycerine 

(c) oxidation of Na 3 As 03 in presence of NajSOj 

(d) themrnl decomposition of KClOj in presence of MnOj 

49. Eo^me catalysis is an example of: 

(a) autocatalysis (b) heterogeneous catalysis 

(c) homogeneous catalysis (d) induced catalysis 


50. The biocatalysts are: 

(a) enzymes (b) minerals 



of heterogeneous catalyst? (CPMT1990) 


59. The enzyme ptyalin used for digestion of food is present in: 

(a) saliva (b) blood 

(c) intestine (d) adrenal glands 

60. Which of the following acts as a negative catalyst? 

(a) Lead tetraethyl as antiknock compound 

(b) Glycerol in decomposition of HjOj 

(c) Ethanol in the oxidation of chloroform 

(d) All of the above 

61. Which of the following types of materials act as effective 
catalysts? 

(a) Alkali metals (b) Transition metals 

(c) Alkaline earth metals (d) Radioactive metals 

62. In which of the following reactions is a catalyst required? 

(a) S + Oj-> SOj (b) C + Oj-> CO 2 

(c) 2 SO 2 + O 2 -—> 2 SO 3 (d) All of these 


63. Which is not the characteristic of a catalyst? (AFMC 1992) 



(c) It alters the rate of reaction 


(a) The catalyst lowers the energy of activation 

(b) The catalyst actually forms a compound with the reactant 

(c) The surface of the catalyst plays a very important role 

- (d)-There is no change in the energy of activation —. 

52. Regarding criteria of catalysis which one of the following 
statements is not true? {CPMT 1990) 

(a) The catalyst is unchanged chemically during the reaction 

(b) A small quantity of catalyst is often sufficient to bring 
about a considerable amount of the reaction 

(c) In reversible reaction, the catalyst alters the equilibrium 
position 

(d) The catalyst accelerates the rate of reaction 


(d) It increases the average JCE of molecules 

64. In chemical reaction, the catalyst: (AFMC 1993) 

(a) alters the amount of products 

(b) lowers the activation energy 

.(c) decreases~A//'af forward reaction" .. 

(d) increases AH of forward reaction 

65. Which statement is not correct? [PMT (MP) 1993] 

(a) Physical adsorihion is due to van der Waals’ forces 

(b) Physical adsorption decreases at high temperature and low 
pressure 

(c) Physical adsorption is reversible 

(d) Adsorption energy for chemical adsorption is generally 
lesser than that for physical adsorption 


53. In which of the following processes, a catalyst is not used? 

(a) Haber’s process (b) Deacon’s process 

(c) Solvay process (d) Lead chamber process 

54. The effect of a catalyst in a chemical reaction is to change the: 

(a) activation energy (b) equilibrium concentration 

(c) heat of reaction (d) final products 

55. Protons accelerate tiie hydrolysis of esters. This is an exanq)L of: 

(a) a promoter (b) a heterogeneous catalyst 

(c) an acid-base catalyst (d) an autocatalyst 

56. In the Ostwald’s process for the manufacture of HNO 3 , the 
catalyst used is: 

(a) Fe (b) Pt 

(c) V 2 OS (d) Mo 

57. The efficiency of an enzyme in catalysing a reaction is due to 
its capacity: 

(a) to form a strong enzyme substrate complex 


66 . In the adsorption of oxalic acid by activated charcoal, the 
activated charcoal is known as: 

(a) adsorbent (b) adsorbate 

(c) absorber (d) none of these 

67. Which can adsorb larger volume of hydrogen gas? 

(a) Colloidal solution of palladium 

(b) Finely divided nickel 

(c) Finely divided platinum 

(d) Colloidal Fe(OH )3 

68 . Platinum is used as a catalyst in: 

(a) oxidation of ammonia to form nitric •'cid 

(b) hardening of oils 

(c) production of synthetic rubber 

(d) synthesis of methanol 

69. Hydrolysis of cane sugar is catalysed by: 

(a) H^ (b) mineral acids 


(b) to decrease the bond energies in the substrate molecule (c) enzymes (d) all of these 


(c) to change the shape of the substrate molecule 

(d) to lower the activation energy of the reaction 

58. The enzymes are killed: 

(a) at a very high temperature 

(b) during the chemical reaction 

(c) at low temperature 

(d) under atmospheric pressure 


70. KCIO 3 on heating decomposes into KCl and O 2 . If some 
Mn 02 is added the reaction goes much faster because: 

(a) Mn 02 decomposes to give oxygen 

(b) Mn 02 provides heat by reacting 

(c) better contact is provided by MnOj 

(d) MnC^ acts as catalyst 









Adsorption And Catalysis 




71. Which acts as poison for Pd-charcoal in Lindlar’s catalyst? 

(a) BaS 04 (b) Quinoline 

(c) Both (a) and (b) (d) None of these 

72. The inhibitors; 

(a) retard the rate of a chemical reaction 

(b) stop a chemical reaction immediately 

(c) are reducing agents 

(d) do not allow the reaction to proceed 

73. The catalyst used in the manufacture of nitric acid by 
Ostwald’s process is: 

(a) Mo (b) Pt (c) V 2 O 5 (d) Fe 

74. Which is an example of autocatalysis? 

(a) Hydrolysis of methyl acetate 

(b) Decomposition of TNG 

(c) Oxidation of oxalic acid by KMn 04 

(d) All of the above 

75. Which plot is the adsorption isobar for chemisorp tion? ^ 


(b) van der Waals’ forces exist between adsorbent and adsorbate 

(c) .Usually monPmolecular layer is formed on adsorbent 

(d) Multimolecular layer may be formed on adsorbent 

81. The function of zymase is to; (AIIMS1992) 

(a) change starch into sugar 

(b) ferment glucose to alcohol and carbon dioxide 

(c) change malt sugar into glucose 

(d) change starch into nralt sugar and dextrin 

82. Which of the following relations is/are correct? 

(AIMS 1995) 

(i) xlm = constant (at high pressure) 

(ii) xlm = constant x (at intermediate pressure) 


(iii) xlm = constant x P" (at low pressure) 

(a) All are correct (b) All are wrong 



S3L. -Theprinciple(s)^iii 


(AIMS 1996) 


(a) adsorption (b) absorption 

(c) partition (d) none of these 

84. The function of enzymes in the living system is to: 
. ...:. fCBSE 1997 > 


"(i)/\ "(I) 

T— T — 

76. In the titration between oxalic acid and acidified potassium 
permanganate, the manganous salt formed during the reaction 
catalyses the reaction. The manganous salt acts as: 

(a) promoter (b) positive catalyst 

(c) autocatalyst (d) none of these 

77. Adsorption is accompanied by: 

(a) decrease in entropy of the system 

(b) decrease in enthalpy of the system 

(c) rA5 for the process is negative 

(d) all of the above 

78. Consider the following statements: 

1. Zeolites are aluminosilicates. 

2. Aluminium can occupy two adjacent sites in zeolites. 
Which of the following statements is correct? (SCHA 2009) 

• (a) 1 only (b) 2 only 

(c) both 1 and 2 (d) neither 1 nor 2 

79. Zeolites are used as catalyst in; 

(a) petrochemical industries during cracking 

(b) the preparation of H 2 SO 4 

(c) the hydrolysis of ester 

(d) all of the above 

80. Choose the correct statement for chemical adsorption: 

(CET (Gujarat) 2006] 

(a) Value of adsorption enthalpy is above -20 kJ moF' 


(a) transport oxygen 

(b) provide immunity 

(c) catalyse biochemical reaction . 

(d) provide energy 

85. Which one of the following is a shape selective catalyst? 

(a) V 2 O 5 (b) Cr^Oj 

(c) Hydrated zeolites (d) ZSM-5 

86 . The process which is catalysed by one of the products is 

called: (DPMT1999) 

(a) acid-based catalyst (b) autocatalyst 

(c) negative catalyst (d) positive catalyst 

87. The heats of adsorption in physisorption lie in the range 
(kJ/mol): 

(a) 40-400 (b) 40-100 (c) 10-400 (d) 1- lO 

88 . In physical adsorption, the forces associated are: 

[CET (Haryana) 20001 
(a) ionic (b) covalent 

(c) van der Waals’ (d) H-bonding 

89. In Ziegler-Natta polymerisation of ethylene, the active species 
are: • 

(a) AICI 3 (b) EtA 

(c) CH 2 CH 2 (d) Ti^"^ 

(e) TiCU 

90. ZSM-5 converts; 

(a) alcohol to petrol (b) benzene to toluene 

(c) toluene to benzene (d) heptane to toluene 

91. A catalyst increases the rate of reaction by; (CPMT 1999) 

(a) decreasing enthalpy 

(b) decreasing internal energy 
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(c) decreasing activation enei^y 

(d) increasing activation energy 

92. The role of.a catalyst in a reversible reaction is to; 

(EAMCET 1999) 

(a) increase the rate of forward reaction 

(b) decrease the rate of backward reaction 

(c) alter the equilibrium constant of a reaction 

(d) allow the equilibrium to be achieved quickly 

9.1. A catalyst in finely divided state is more efficient because in 
this state: 

(a) it has got large activation energy 

(b) it can react with one reactant more effectively 

(c) it has large surface area 

(d) all of the above 

94. In case of autocatalysis: (KCET 2002) 

(a) reactant catalyses 


tcl product ca talyses_ 1 ___ i I _ ^ 

(d) solvent catalyses I S \ 

95. Which of the following statefnents is false? / (KGET 2002)1"; 

(a) Increase of pressure increases the amount;'of adsorption 

(b) Increase of temperature may decrease the amount of 
adsorption 

Cc)^Th^dsbiptibn may be mbh61ayefefil)r multilayered 
(d) Particle size of the adsorbent will not affect the amount of 
adsorption ■ j, 

96. Rate of physi-sorptioh increases with; ' (IIT 2003) 

(a) decrease in temperature (b) increase in temperature 

(c) decrease in pressure (d) decrease in surface area 

97. Which of the following characteristics is not correct for 

physical adsorption? (AIEEE 2003) 

(a) Adsorption increases with increase in temperature 

(b) Adsorption is spontaneous 

(c) Both enthalpy and entropy of adsorption are negative 

(d) Adsorption on solid is reversible 

98. According to adsorption theory of catalysis, the speed of 

reaction increases because: (CBSE 2003) 

(a) the concentration of the reactant molecules at the active 
centres of catalyst becomes high due to adsorption 

(b) in the process of adsoiption, the activation energy of the 
molecules becomes large 

(c) adsorption produces heat which increases the speed of the 
reaction 

(d) adsorption lowers the activation energy of the reaction 

99. The chemical equilibrium of a reversible reaction is not 

influenced by: (KCET 2004) 

(a) catalyst (b) pressure 

(c) temperature • (d) concentration 

100. Identify the gas which is readily adsorbed by activated 

charcoal: (KCET 2004) 

(a) Nj (b) (c) Oj (d) SOj 

101. Pick out the one which does not .belong to the family of 

enzymes: (KCET 2004) 

(a) lipase (b) pepsin (c) ptylin (d) cellulose 


102. Which one of the following statements about zeolite is false? 

[CBSE (PMT) 2004] 

(a) They are used as cation exchanger 

(b) They have open structure which enables them to take up 
small molecules 

(c) Zeolites are aluminosilicates having a three dimensional 
network 

(d) Some of the SiO^^ units are replaced by AlO^^ and AlOg” 
ions in zeolites 

103. Adsorption of gases on solid surface is generally exothermic 

because: [HT (S) 2004] 

(a) enthalpy is positive (b) entropy decreases 

(c) entropy increases (d) free energy increases 

104. Identify the correct statement regarding enzymes. • 

(AIEEE 2004) 

(a) Enzymes are specific biological catalysts that can 
normally function at very high temperature (T = 1000 K) 

(b) Enzymes are normally heterogeneous catalysts that are 
very specific m action 

(c) Enzymes are specific biological catalysts that cannot be 
poisoned 

■(d) Enzymes are specific biological catalysts that possess well 
defined active site 

.105._The extentjoJLadsoiptioir.o£a.gasjon.a.solid.depends.on:_ 

(KCET 2005) 

(a) nature of the gas (b) pressure of the gas 

(c) temperature of the.gas (d) all are correct 

106. The conversion of maltose to glucose is possible by the 
enzyme: (AFMC 2005) 

(a) zymase (b) lactase 

(c) maltase (d) diastase 

107; Which of the following is true in respect of adsorption? 

[PET (Kerala) 2006] 

(a) AG < 0; AS > 0; Af/ < 0 (b) AG < 0; AS < 0, AH <0 

(c)AG>0;A5>0;A/f<0 (d) AG < 0; AS < 0; Afl'> 0 

(e) AG > 0; AS > 0; A// > 0 

108. If x/m is the mass of adsorbate adsorbed per unit mass of 
adsorbent, P is the pressure of the adsorbate gas, a and b are 
constants, which of the following represents “Langmuir 
adsorption isotherm”? [PET (Kerala) 2006[ 


(a) log — = log 

Km) 


+ — log p 
a 


(b,_ = _+ (C)^ =-^ 

m a aP m aP 

1 a P , s 1 b \ 

{xlm) b a (x/m) a aP 

The efficiency of an enzyme to catalyse a reaction is due to its 
capacity to: ' [PMT (Kerala) 20061 

(a) reduce the activation energy of the reaction 

(b) form strong enzyme-substrate complex 

(c) decrease the bond energy of all substrate molecules 

(d) increase the free energy of the catalyst-substrate reaction 

(e) alter the substrate geometry to fit into the shape of the 
enzyme molecule 
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110. Although, nitrogen does not adsorb on a surface at room 
temperature, it adsorbs on the surface at 8 jK. Which one of 
the following statements is correct? [PMT (HP) 2006] 

(a) At 83 K, there is formation of monomolecular layer 

(b) At 83 K, there is formation of multimolecular layers 

(c) At 83 K, nitrogen molecules are held by chemical bonds 

(d) At 83 K, nitrogen is adsorbed as atoms 

111. What is the equation form of Langmuir adsorption isotherm 

under high pressure? [CET (Gujarat) 2006) 

, .X a' „.x p . jc 1 b 

(a) - = - (b) - = aP (c) - = ~ (d) ^ = - 

mb m m aP m a 

[Hint: Langmuir adsorption isotherm may be given as: 

X aP 

m a+ bP 

- —'Artigh-pressure,".- a-hbP-^-bP --- 

-^- - 

m~Jp 
£ = f 1 

m b 

Freundlich adsorption isotherm is: [MHT-CET 2007; 

DCE 2009] 

i&)- = KP^'” ih)x=^ mKP^'" 

Tn 

{c)~ = KP~" (d) all of these 

m 

Which of the following statements is incorrect regarding 
physisorption? (AIEEE 2009) 

(a) It occurs because of van der Waals’ forces 

(b) More easily liquefiable gases are adsorbed readily 

(c) Under high pressure it results into multimolecular layer on 
adsorbent surface 

(d) Enthalpy of adsorption () is low and'positive 
Active charcoal is a good catalyst because;. 

[Jamia Millia Islamia (Engg.) 2006] 

(a) it is made of carbon atoms 

(b) it is very reactive 


112 . 


113. 


114. 
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(c) it has more adsorption power 

(d) it has inert nature towards reagent 

115. According to the adsorption theory of catalysis, the speed of 

reaction increases because: (AIIMS 2007) 

- (a) adsorption produces heat which increases the speed of the 
reaction 

(b) adsorption lowers the activation energy of the reaction 

(c) the concentration of reactant molecules at the active 
centres of the catalyst becomes high due to adsorption 

(d) in the process of adsorption, the activation energy of the 
molecules becomes large 

116. The Langmuir adsorption isotherm is deduced using the 

assumption: (CBSE (Med.) 2007] 

(a) the adsorption sites are equivalent in their ability to adsorb 

the particles 

^ -:—(b-)- the-heat-of-adsorptionrvaries:with coverage—-. 

--....4c)-the-adsorbedmele€«les4at©r^t-^with-eaeh-©ther-.— - 

(d) the adsorption takes place in multilayers 

117. The efficiency of enzyme catalysis is due to its capacity to; 

]PET (Kerala) 2007] 

(a) form a strong enzyme-substrate complex 

(b) change the shape of the substrate 

(c) io'weTtheWivatidn'energy of theTeactroh'.. ' 

(d) form a colloidal solution in water 

(e) decrease the bond energies in substrate molecules 

118. Which type of phenomenon is used when coloured dye is 
removed from solution of sugar by charcoal ? 

(GET (Gujarat) 2008] 

(a) Absorption 

(b) Adsorption 

(c) Absorption and adsorption both 

(d) None of the above 

119. Shape selective catalysis is a reaction catalysed by : 

[PMT (Kerala) 2008] 
(a) zeolites (b) enzymes 

(c) platinum (d) Ziegler-Natta catalyst 

(e) acids or bases 


Assertion-Reason TYPE QUESTIONS 


The questions given below consist of two statements each printed as 
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions 
you are required to choose any one of the following four responses: 

(a) If both (A) and (R) are true and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true but (R) is not the correct 
explanation of (A), 

(c) If (A) is correct but (R) is incorrect. 

(d) If (A) and (R) are both incorrect. 

1. (A) A catalyst does not alter the equilibrium constant of the 
reaction. 

(R)The catalyst forms a complex with the reactants and 
provides an alternate path with the lower energy of 
activation for the reaction; the forward and backward 
reactions are affected to the same extent. (AIIMS 2010) 


2. (A) Hydrolysis of ethyl acetate in presence of acid is a reaction 

of first order whereas in presence of alkali, it is a reaction 
of second order. 

(R) Acid only acts as a catalyst whereas alkali acts as one of 
the reactants. 

3. (A) In chemisorption, adsorption keeps on increasing with 

temperature. 

(R) Heat keeps on providing more and more activation energy. 

4. (A) A reaction cannot become fast by itself unless a catalyst is 

added. 

(R) A catalyst always increases the speed of a reaction. 

5. (A) A catalyst speeds up a reaction but doesn’t participate in 

its mechanism. 

(R) A catalyst provides an alternative path of lower activation 
energy to the reactants. 
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7. 




11 . 


12 . 


13. 


(A) Fruit formation process shows increase in rate with 
passage of time. 

(R) Hydrolysis of ester is a homogeneous autocatalytic 
reaction. 

(A) A catalyst speeds up the process withbut participating in 
its mechanism. 

(R) A catalyst provides an alternative path of lower activation 
energy to the reactants. 

(A) Catalysts are always transition metals. 

(R) Transition metals hav c a variable oxidation state. 

(A) The mass of nickel catalyst recovered after being used in 
the hydrogenation of an oil is less tlian the mass of nickel 
added to the reaction. 

(R) Catalyst take part in the reaction but are recovered in the 
end. 

(ATAlFenzymes-are-proteinsv but-all-proteinsare^notenzymes. 

(RyBttTymes are biocatalyste 
ration having active sites. 

(A) The reaction of oxalic acid with acidified KMn 04 is first 
slow and then proceeds with faster speed. 

(R) Acidified KMn 04 is a strong oxidising agent. 

(A) For adsr^tipn AGj A5 and AH all haye negat^^^^^ 

(R) Adsorption is a spontaneous process accompanied by 
decrease in randomness. 


14. (A) Physical adsorption of molecules on the surface requires 

activation energy. 

(R) Because the bonds of adsorbed molecules are broken. 

(AIIMS 1994) 

15. (A) Activity of an enzyme is pH dependent. 

(R) Changes in pH affect the solubility of the enzyme in water. 

(AIMS 2003) 

16. - (A) Alcohols are dehydrated to hydrocarbons in presence of 

acidic zeolite. 

(R) Zeolites are porous catalyst. (AIIMS 2004) 

17. (A)ZSM-5 is used as a catalyst in petrochemical industries. 

(R) Zeolites are three-dimensional network silicates in which 

some silicon atoms are replaced by aluminium atoms. 

(A) A catalyst increases the rate of a reaction. 

(R) fm-presence- oC a-xatalysf- the activatian_energy.ofjthfi_ 

reaction incre ases. _[EAMCET (Engg .) 20071 


18 


[Hint: A negative catalyst may increase the activation energy of 
reaction.] 

19. (A) NO is used as a homogeneous catalyst for oxidation of CO. 


2CO + O, 


-4 2CO, 


(R) NO increases the rate of oxidation. 


. (A) A gas with higher critical temperature is adsorbed more 
than a gas with lower critical temperature. 

(R) Higher critical temperature implies that the gas is more 
easily liquefiable. 

■ 'Jt. , , 
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Brain Storming Problems 





1. In presence of a catalyst, the activation energy is lowered by 3 
kcal at 2TC. Hence, the rate of reaction will increase by: 

(a) 32 times (b) 243 times (c) 2 times (d) 148 times 


[Hint: 


Rate in presence of catalyst 
Rate in absence of catalyst 

= Ajitilog 


Antilog 


AE 


2.303Rr 
3000 


1303 X 2 X 300 


2. According to the adsorption theory of catalysis, the rate of 
reaction increases because: 

(a) adsorption lowers the activation energy of the reaction 

(b) concentration of reactant molecules at the active centres of 
the catalyst becomes high due to adsorption 

(c) adsorption produces heat which increases the rate of reaction 

(d) adsorption increases the activation energy of the reaction 

3. Which of the following characteristics is not correct for 
physical adsorption? 

(a) Adsorption is spontaneous 

(b) AH and AS are negative 

(c) It is reversible in nature 

(d) Degree of adsorption increases with temperature 

4. Freundlich adsorption isotherm gives a straight line on 
plotting: 

(a) — vs. P (b) log [ — I vs. P 

m \mj 


following indicates the relative ease with which the reaction 
can take place? 

(a) A > B > C (h)C > B > Aic) B > C > A (d) A = B = C 
[Hint: Activation energy in the different paths lies in the 
following sequence: C <B < A. 

Lesser is the activation energy, greater is the e^e with which 
the reaction can take place. 

:.C> B> A (Decreasing ease with which the reaction can 

_t ake place. )]_ _ 

7. For the reaction (A -V 5 + C) ; the energy profile diagram 

is given in the figure. 



(c) log f—1 vs. log P (d) — VS. — 

{mj m P ‘ g 

5. Adsorption is an exothermic process. The amount of substance 

adsorbed should: (DPMT 2009) 

(a) increase with decrease in temperature 

(b) increase with increase in temperature 

(c) decrease with decrease in temperature 

(d) decrease with increase inTemperature 

6. In homogeneom catalytic reactions, there are three alternative 
paths A', B and C (shown in the figme).' Which one of the 



The decrease in energy of activation in presence of catalyst is: 
(a) z (b) z - p (c) y - z (d) z-x 

Which of the following represents physical adsorption? 




(a) . (b) 




(c) (d) 

9. The colloidal system consisting of a liquid adsorbate in a solid 
adsorbent is termed as: 

(a) aerosol (b) foam 

(c) emulsion (d) gel 
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10. Which can adsorb a larger volume of hydrogen gas? 

(a) Colloidal solution of palladium 

(b) Finely divided nickel 

(c) Finely divided platinum 

(d) Colloidal Fe(OH )3 

11. Which is false for a catalyst? 

(a) A catalyst can initiate.a reaction 

(b) It does not alter the position of equilibrium in a reversible 
reaction 

(c) A catalyst remains unchanged in quality and composition 


18. An enzyme [E ] is combined with the substrate [5 ] as follows: 

*1 

E + S^^ES 


ES - >P + E 

The overall reaction rate is given by: 

Rate = ——L and the rate of reaction varies 


+ [S 

with substrate concentration as: 


at the end of reaction 

(d) Catalysts are sometimes very specific in reaction 

12. The curve showing the variation of pressure with temperature 

for a given amount of adsorption is called: 1.5 V^ax 

(a) adsorption isobar (b) adsorption isotherm 



(c) adsorption isosfere (d) adsorption isochore LOV^av 

/ 

13. Which of the following statements is incorrect? 

(a) Adsorption always leads to a decrease in enthalpy and 0 5V 

entropy of the system 

(b) Adsorption arises due'to unsaturation of valence forces of 

■ /a 

aioms or riioiccuicb uii Liic suiiacc rc'i 

(c) Adsorption-increases with rise in temperamre -- . ..... ... ....... .... ... .. ... ... .. 

(d) Adsorption decreases the surface energy The order of reaction at point d is: 

14. Which of the following gas molecules have maxitnum value of (a) one (b) two (c) three (d) zero 

enthalpy of physisorption? 19. Which type of graph gives straight line in Langmuir 


(a)C 2 H 6 (b) Ne (c) H^O (d)H 2 

[Hint: Since, H 2 O can be liquefied easily, hence it will have 
the maximum enthalpy of physisorption.] 

15. Which of the following gases is adsorbed most by activated 

charcoal? [AMU (Med.) 2010| 

(a)C02 (b)N2 (c)CH 4 (d) H 2 

[Hint: CO 2 is an easily liquefiable gas, hence it is adsorbed 
most by charcoal.] 

16. Which of the following factors are responsible for the increase 
in the rate of a surface catalysed reaction? 

[PMT (Kerala) 2006] 

I. A catalyst provides proper orientation for the reactant 
molecules to react 

II. Heat of adsorption of reactants on a catalyst helps reactant 
molecules to overcome activation energy 

III. The catalyst increases the activation energy of the reaction 

IV. Adsorption increases the local concentration of reactant 
molecules on the surface of the catalyst 

Select the correct answer using the codes given below: 

(a) I and II (b) I and III (c) II and IV (d) I, II and III 

(e) I, II and IV 

17. In Langmuir’s model of adsorption of a gas on a solid surface; 

(AIEEE 2006) 

(a) the rate of dissociation of adsorbed molecules from the 
surface does not depend on the surface covered 

(b) the adsorption at a sii^gle site on the surface may involve 
multiple molecules at the same time 

(c) the mass of gas striking a given area of surface is 
proportional to the pressure of the gas 

(d) the mass of gas striking a given area of surface is 
independent of the pressure of the gas 


adsorption isotherm ? 

, . X I 
(a) - ^ - 
m P 


[CET (Gujarat) 2008] 


. m 1 
(b)-^- 
X P 

(d) log 


20 . 


Plot of log — against log P is a straight line inclined at an 

Km) 

angle of 45°. When the pressure is 0.5 atm and Freundlich 
parameter, is 10, the amount of solute adsorbed per gram of 
adsorbent will be : (log 5 = 0.6990) [PET (Kerala) 2008] 
(a) I g (b) 2 g (c) 3 g (d) 5 g 

(e)2.5g 

[Hint: According to Freundlich Adsorption Isotherm : 


log 




dog A + - log P 
n 


When log — is plotted against log P, we get straight line of 
\rn) 

slope (1/n) and intercept (log A). 

. - = tan 45° = 1 
n 

log A: = log 10 = 1 

\\l n 


21. 


- = A: (T>)‘'" = 10(0.5)' =5 
m 

When m = 1 g, x = 5 g] 

Following graphs will be true when: 
(a)P-=0 (b)P = l 


( 0 -: 

n 


0 


(d)i^ 

n 




— log P- 
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1 . (d) 

2 . (b) 

3. (d) 

4. (c) 

5. (d) 

6 . (b) 

7. (b) 

8 . (a) 

9. (d) 

10 . (a) 

11 . (a) 

12 . (c) 

13. (c) 

14. (c) 

15. (a) 

16. (e) 

17. (c) . 

18. (a) 

19. . (b) 

20 . (d) 

21 . (c) 






a» J.iNKED Comprehension Type Questions tm 



• Passage 1 

Only the surface atoms in an adsorbent, play an active role in 
adsorption. These atoms possess some residual forces like van der 
Waals 'forces and chemical forces. 

In the process of adsorption, weak adsorbate is .substituted by 
strong-adsorbate^Activated-cha rcoa l u s ed-in~gas~mask~is-Mlready- 
exposed to the atmospheric air, so the gases and wa t er vapours in air 
are adsorbed on its surface. When the mask is exposed to chlorine 
atmosphere, the gases are displaced by chlorine. Porous and finely 
nowdered solids, e.g., charcoal and Fuller's earth adsorb more as 
ompared to the hard non-porous material. It is due to this property 
•hat the powdered charcoal is used in gas masks. In general, easily 
liquefiable gases like C 02 , NH'^, Cl^ and SO 2 ,■ etc,, are adsorbed to 
,i greater extent than the elemental gases, e.g., //j , N 2 , O 2 , He, 
etc. 

Answer the following questions: 

1. Gas masks work on the principle of: 

(a) physical adsorption 

(b) chemical adsorption 

(c) both physical and chemical adsorptions 

(d) absorption 

2. Which of the following gases will be most easily adsorbed by 

the charcoal in the gas mask? 

(a)H2 (b)02 (c)N 2 (d)S02 

3. Gas mask contains: 

(a) charcoal granules (b) powdered charcoal 

(c) calcium carbonate (d) Fuller’s earth 

4. Which of the following gas molecules has maximum value of 

enthalpy of physisorption in a gas mask? 

(a).C 2 H 6 (b)Ne (c)H20 (d) H. 

5. Which of the following gases will substitute O 2 from adsorbed 


charcoal? 




(a)H 2 

(b)N 2 

(c) Ar 

(d) CI 2 


• Passage 2 

Freundlich adsorption isotherm is obeyed by the adsorptions 
where the adsorbate forms a multimolecular layer on the surface of 
adsorbent. In such cases, the degree of adsorption varies linearly 
with pressure but at high pressure, it becomes independent of 
pressure. 

The relation of Freundlich adsorption isotherm is: 

- = kP''" 
m 


where, k and n are constants. 

■ Langmuir adsorption isotherm is obeyed by the adsorption where 
the adsorbate forms only a unimolecular adsorbed layer. The 

mathematical relation of Langmuir adsorption isotherm is: - 

x: aP 


m 


\ + bP 


Select whether the following statements are true or false: 

1. When log — is plotted against log A, we get a straight line 

ym) 


with slope ( 1 /n). 

(a) Tnie (b) False 

2. The degree of adsorption {x/m)al low pressure will be: 

X 

— = a 
m 


(a) True (b) False 

3. When [ — ] is plotted against — , we get a straight line with 

yxj P 

slope (l/a)and intercept (fe/a). 

(a) True (b) False 

4. In the mathematical relation of Freundlich adsorption 

isotherm, the value of (l/«) is 0 < — < 1 . 

n 

(a) True (b) False 

5. Freundlich adsorption isotherm is valid for chemisorption. 

(a) True (b) False 


C — 

Passage 1, 1. (c) ' 2. (d) 3. (b) 4. (c) 5. (d) 

Passage 2. 1 . (a) 2. (b) - 3. (a) 4. (a) 5. (b) 





898 


G.RB. Physical Chemistry For Competitions 



<§> Self Assessment <§> 

ASSIGNMENT NO. 13 



SECTION-! 

straight Objective Type Questions 

This section contains 8 multiple choice questions. Each question 
has 4 choices (a), ,(b), (c) and (d), out of which only one is 
correct. 

1. At high pressure, Langmuir adsorption isotherm takes the 


form: 

aP 

^ X 

a 

(a)- = 

(b)- = 


m 

\+ bP 

m 


(c)- = 

aP 

...Cd) - = 

b ^ 1 

m 


X 

a aP 


l.^WMch of the following is used to adsorb water? 

(a) Silica gel (b) Anhydrous CaClj 

(c) Coal (d) Coke 


3. Select the correct option for the following graph: 



(a)7;>7’2>r3 (b)r, =r 2 = r 3 

(c)f, < 7 ’ 3 <r 3 (d)r, >r 2 < r 3 

4. Which of the following substances adsorbs gas most 
strongly? 

(a) Platinum black (b) Nickel powder 

(c) Activated charcoal (d) Silica gel 

5. The order of volume of gases NHj, CO 2 and CH 4 adsorbed by 
one gram of charcoal at 298 K is: 

(a) CH 4 > CO 2 > NH 3 (b) NH 3 > CH 4 > CO 2 

(c) NH 3 > CO 2 > CH 4 (d) CO 2 > NH 3 > CH 4 

6 . Activated charcoal is prepared by; 

(a) adding Ba 3 (P 04)2 to charcoal 

(b) treatment with cone. HNO3 

(c) heating charcoal with steam to make it mdre porous 

(d) adding silica to charcoal 

7. In the manufacture of H 2 SO 4 by contact process the presence 
of AS 2 O 3 acts as; 

(a) catalytic promoter (b) induced catalyst 

(c) catalytic poison (d) autocatalyst 

8 . In Rosenmund reactions, presence of BaS 04 acts as.for 

Pd. 

(a) promoter (b) moderator 

(c) inhibitor (d) poison 


SECTION-II 

Multiple Answers Type Objective Questions 

9. Which of the following are correct about a catalyst? 

(a) It participates in the reaction but is recovered at last 

(b) It does not affect AG 

(c) It does not affect hH 

(d) It alters the mechanism of reaction 

10. Which of the following statements are correct? 

(a) Physical adsorption is of multimolecular layer 

(b) Degree of chemical adsorption increases with increase in 

. temperature. ^ . ^ 

(c) Adsoiptibh increasedthe surface energy 

(d) Sometimes solvent is adsorbed in preference to solute 

11. Which of the following are zeolites? 

(a) Granite (b)Faujasite 

(c) Natrolite (d) Thomisite 

12. Which of the following act as-negative catalysts? - 

(a) Ethanol in oxidation of chloroform 

(b) Tetra ethyl lead used as antiknocking agent 

(c) Glycerol in the decomposition of H 2 O 2 

(d) Fe in the formation of ammonia by Haber’s process 

13. Select the correct statements about enzymes; 

(a) Enzymes are biological catalysts found in organisms 

(b) All enzymes are proteins 

(c) Enzymes can catalyse any reaction 

(d) Enzymes’ activity is optimum at 27° C ^ 

SECTION-III 

Matrix-Matching Type Questions 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

If the correct matches are (a-p,s) (b-q,r), (c-p,q) and (d-s), then 
the correctly bubbled 4x4 matrix should be as follows: 


a 


b 


c 


d 


P q r s 


0 

© 

© 

0 

@ 

0 


0 

0 

0 

© 

© 

© 

© 

0 
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14. Match the Column-I with Column-II: 16. Match the Colunm-I with Column-II: 


Column-I 

Column-II 

Column-I 

Column-II 

(Process) 

(Catalyst) 

(a) Chemisorption 

(p) Exothermic 

(a) Cracking of hydrocarbons 

(P) Ni 

(b) Phy si sorption 

(q) Endothermic 

(b) Ostwald's. process 

(q) NO 

(c) Desorption 

(r) Removal of adsorbed 

(c) Sulphuric acid manufacture (r) Pt 


substance 

(d) Catalytic converter 

(s) NiO 

(d) Activation of adsorbent 

(s) Specific 

Match the Colunm-1 with Column-II: 



Column-I 

Column-II 



(Catalyst) 

(Process) 



(a)Ni 

(p) Cracking of hydrocarbons 



(b)Aia3 

(q) Fischer-Tropsch process 



(c) C 0 /AI 2 O 3 

(r) Hydrogenation of oil 



(d) Zeolite 

(s) Friedel-Crafts reaction 





1. (b) 2. (a) 3. (c) 4. (a) . 5. (c) $. (c) 7. (c) 8 . (d) 

9. (a, b, c, d) 10. (a, b, d) H. (b, c, d) 12. (a, b, 9 )' 13. (a, b, d) 14. (a-r) (b-r) (c-q, r) (d-p, s) 

15. (a-r){b-s)(c-q)(d-p) - 16. (a-p, s) (b-p), (c-q, r) (d-q) 














VOLUMGTRIC ANALYSIS 


Volumetric a nalysis is a method of quanti tative an alysis. It 
involves the measurement of the volume of a known solution 
required to bring about the completion of the reaction with a 
measured volume of the unknown solution whose concentration 
or strength is to be determined. By knowing the \-olume of the 
known solution, the concentration of the solution under 
investigation can be calculated. Volumetric analysis is also 
termed as titrimetric analysis. 

14.1 IMPORTANT TERMED USED IN 
VOLUMETRIC ANALYSIS 

(i) Titration: The process of addition of the known solution 
from the burette to the measured volume of solution of the 
substance to be estimated until the reaction between the two is 
just complete, is termed as titration. Thus, a titration involves 
two solutions: 

■ (a) Unknown solution and (b) Known solution or standard 
solution. 

(ii) Titrant; The reagent or substance whose solution is 
employed to estimate the concentration of unknown solution is 
termed titrant. There are two types of reagents or titrants; 

(a) Primary titrants: These reagents can be accurately 
weighed and their solutions are not to be standardised before use. 
Oxalic acid, potassium dichromate, silver nitrate, copper 
sulphate, ferrous ammonium sulphate, sodium thiosulphates, etc., 
are the examples of primaiy titrants. 

(b) Secondary titrants: These reagents cannot acturately 
weighed and their solutions are to be standardised before use. 
Sodium hydroxide, potassium hydroxide, hydrochloric acid, 

; sulphuric acid, iodine, potassium permanganate, etc., are the 
examples of secondary titrants. 

(iii) Standard solution: The solution of exactly known 
concentration of the titrant is called the standard solution. . 

(iv) Titrate: The solution consisting the substance to be 
estimated is termed unknown solution. The substance is termed 
titrate. 

(v) Equivalence point: The point at which the reagent 
(titrant) and the substance (titrate) under investigation are 



stoichiometric end point or simply end point. 

(vi) Indicator: It is the auxiliary substance used for 
physical (visual) detection of the completion of titration or 
detection of end point is termed as indicator. Indicators show 
change in colour or turbidity at the stage of completion of 
titration. 


14.2 CONCENTRATION REPRESENTATION 
OF SOLUTION 

1. Concentration Representation in Physical Units 

(a) Strength of solution: Number of grams of solute 
dissolved per litre of solution is called strength of solution. 

(b) Parts Per Million (ppm): Number of grams of solute 
dissolved per 10^ grams of solvent is called ebneentration of 
solution in the unit of Parts Per Million (ppm). This unit is used to 
represent- hardness of water and concentration of very dilute 
solutions, 

(c) Percentage by mass: Number of grams of solute 
dissolved per 100 grams of solution is called percentage by mass. 

(d) Percentage by volume: Number of millilitres of solute 
per 100 mL of solution is called jrerc-eiitage by volume. 

For example, if 25 inL ethyl alcohol is diluted with water to 
make 100 mL solution then the solution thus obtained is 25% 
ethyl alcohol by volume. 

(e) Percentage mass by volume: Number of. grams of 
solute present per 100 inL of solution is called percentage mass 
by volume. 

For example, let 25 g glucose is dissolved in water to make 
100 mL solution then the solution is 25% glucose mass by 
volume. 


2. Concentration Representation in Chemical Units 

(a) Normality: Number of gram equivalents of solute 
dissolved per litre of solution is called the normality of the 
solution. It is denoted by N and it can be calculated as, 


Wg X 1000 

N = — - 

Eg XV 


-(i) 
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where, = mass of solute in grams 

Eg = gram equivalent mass of solute 
V = volume of solution in mL 


Another relation for calculation of normality is 

xxtixlO 

N =- 

Eb 

where, d = density of solution is g/mL 
X = percentage by mass of solute 


... (ii) 


Symbol Normality j Physical significance 

i.e.. Normality = 1 per litre of solution 

Decinormal solution, '0.1 g equivalent of sol- 
i.e. , Normality = 0.1 ute per litre of solution 

Centinormal solution, 0.01 g equivalent of 
/.e,Normality = 0.01 Isolute per litre of solu- 
, ition 

(iv> 0.001 Nor-^^ ;Mi!!inormal solution, lO.OOl g equivalent of 
i(.e,Normality—0.001 Isolute per litre of solu- 
ition 

(v) 0.5 Nor— Seminormal solution, ;0.5 g equivalent of sol- 

^ i.e. , Normality = 0,5 'ute per litre of solution 

Note: If normality of a solution is given then number of equivalents of 
solute in a definite volume of solution may be calculated easily. 

N xV 

Number of equivalents of solute =- 

1000 

where, V = volume of solution in mL. 


(b) Molarity: Number of moles of solute dissolved per litre 
of solution is called molarity. It is denoted by ‘M\ It may be 
calculated using the following relations: 



, , Wg X 1000 

M =- 

... (i) 


mg xV 


,, xxdxlO 

... (ii) 

or 

M =- 


mg 


where, Wg = mass of solute in grams 

mg = gram molecular mass of solute 
X = percentage by mass of solute 
d = density of solution in g mL“’ 


(ii) 0.1 A or — 

10 

(iii) 0.01 Not — 

100 


In the problems of volumetric analysis, concept of molarity is 
very useful. Let us consider an equation of the following type : 

«, ^ /M, C + /M 2 Z) 

Let molar of A and B are and M 2 respectively, then 


M,F, 




«2 

(c) Molality: Number of moles of solute dissolved per 
1000 g (per kg) of solvent is called molality of solution. It is 
denoted by It can be calculated as. 


Wo X 1000 

m = -^ - 

mg X 

where, Wg = mass of solute in grams 

mg = gram molecular mass of solute 
;r:',ss of solvent in grams 


Principle of Volumetric Analysis 

Volumetric analysis is based on the principle of equivalence. 
According to this principle, substances combine together in the 
ratio of their equivalent masses. 

Let xg of a compound completely react with ygofanother 

compound 'B\ 

^ Equivalent mass of‘y4’ x 

Then, — -= — 

Equivalent mass of ‘B’ y 

__ y __ 

Equivalent mass ofEquivalent mass of‘B’ 

. Number of gram equivalents of "A’= Number of gram 

equivalents of ‘B’ 

Thus, one gram equivalent of a substance ‘A’ completely 
reacts with one gram equivalent of another substance ‘B’. 

According to the principle of equivalence. 

Number of gram equivalents of A 

\ 

= No. of gram equivalents of B 
N xV 

Number of gram equivalents ofA= — - -—; 

1000 


where, = volume of A in mL 

Number of gram equivalents of B = — ^ ^ ; 

1000 

where, Vg = volume of B in mL 

XF, _ Ng XVg 
1000 1000 
^.4 ^Kt - ^Eg 

The above equation is called normality equation and it is very 
useful in numerical calculations of volumetric analysis. 


14.3 CLASSIFICATION OF REACTIONS 

INVOLVED IN VOLUMETRIC ANALYSIS 


T. Neutralisation Reactions 

The reaction in which acids and bases react to form salt is 
called neutralisation. 

e.g., HCl + NaOH->NaCl + H20 

H?acid) + ->H 20 (feebly ionised) 

The titration based on neutralisation is called acidimetry or 
alkalimetry. 

2. Oxidation-Reduction Reactions 

The reactions involving simultaneous loss and gain of 
electrons among the reacting species are called 
oxidation-reduction or redox reactions, e.g., let us consider 
oxidation of ferrous sulphate (Fe^"^ ion) by potassium 
permanganate (MnO^ ion) in acidic medium. 




902 


G. 


Physical Chemistry For Competitions 


Mn04 +8H'^ +5c 


^ Mn + 4 H 2 O (Gain of electrons 
or reduction) 
(Loss of electrons 
or oxidation) 


5x[Fe 


2 + 


Fe^”" + e' ] 


Mn 04 T-SFe^-^ +8H+ 


+5Fe^"^ +4H,0 


In the given reaction, Mn 04 acts as oxidising agent and Fe^^ 
acts as reducing agent. 

The titrations involving redox reactions are called redox 
titrations. These titrations are also called according to the reagent 
used in the titration, eg., iodometric, iodimetric, ceriasetric, 
permanganometric and dichromometric titrations. 

3, Precipitation Reaction 

A chemical reaction in which cations and anions combine to 
forra^ompound oTve^4ow^selttbility-(inthe fommfresidue-or - 
), is ( 


eg., BaCl 2 +Na 2 S 04 


AgNOj + NaCl - 


BaS 04 + 2NaCl 

(White precipitate) 


-^AgCl + NaNOj 

(White precipitate) ■ 

The titrations involving precipitation reactions are called 

precipitation titrations. 

4. Complex Formation Reactions 

These are ion combination reactions in which a soluble 
slightly dissociated complex ion or compound is formed. 
Complex compounds retain their identity in the solution and have 
die properties of the constituent ions and molecules, 
eg., CUSO 4 + 4 NH 3 ->[Cu(NH 3 ) 4 ]S 04 

(Complex compound) 

AgNOj +2KCN- 
2 CuS 04 + K4[Fe(CN)6]- 


K[Ag(CN)2] +KNO3 

(Complex compound) 

->Cu2[Fe(CN)6] + 2 K 2 S 04 

(Complex compound) 

The titrations involving complex formation reactions are called 

complexoraetric titrations. 

14.4 CALCULATION OF EQUIVALENT MASS 
OF DIFFERENT SUBSTANCES 

The equivalent mass of a substance is defined as the number of 
parts by mass of it which combine with or displace 1.0078 parts 
by mass of hydrogen, 8 parts by mass of oxygen and 35.5 parts by 
mass of chlorine. » 

The equivalent mass of a substance expressed in grams is 
called gram equivalent mass. 

The equivalent mass of a substance is not constant. It depends 
upon the reaction in which the substance is participating. A 
compound may have different equivalent mass in different 
chemical reactions and under different experimental conditions. 

(A) Equivalent Mass of an Acid 

It is the mass of an acid in grams which contains 1.0078 g of 


replaceable ions or it is the mass of acid which contains one 
mole of replaceable ions. It may be calculated as: 

„ . , n • j Molecular mass of acid 

Equivalent mass of acid =- 

Basicity of acid 

Basicity of acid = number of replaceable hydrogen atoms 

present in one molecule of acid 


Acid 

Basicity 

Molecular mass 

Equivalent mass 

HNO3 . 

•J 

1 

63 

'.«=63 

1 




36.5 , 

HCl 

1 ■ 

36.5 

~ = 36.5 

1 

GH3COOH 

1 

60 

1 ®=60' 

1 , * 




H,PO, 

1 

. _66. . ' 





1 

H2SO4 

2 

98 

^ = 49 

2 

CCX)H 



126 .. 

— = 63 

2 _ 

1 ■ 2H2O 

COOH 

2 

126 

H3PO3 

2 

82' 

H = 41 

2 


Note: .Phosphoric acid may act as monobasic or dibasic or tribasic acid, 
e-g; ■ . ■ * ■ . 

(i) H3PO4 + NaOH-» NaH2P04 + HjO 


Here, phosphoric acid acts as monobasic acid, 
.-. Equivalent mass of H3PO4 


Molecular mass 98 

— - — 70 


Basicity 

(ii) H3PO4 + 2 NaOH —» Na2HP04 + 2H2O 
Here, Basicity of H3PO4 = 2 

„ . , „ r,. Molecular mass 

Equivalent mass of H3PO4 =-- 

Basicity 

= ^ = 49 

2 ,' 

♦ Na 3 P 04 + SHjO 
Molecular mass 


(iii) H3PO4 + 3 NaOH 
Here, Basicity of H3PO4 


Equivalent mass of H3PO, 


Basicity 

= — = 32.66 
3 


(B) Equivalent Mass of a Base 

It is the mass of the base which contains one mole of 
replaceable OH" ions in a molecule. 

„ . , ^ Molecular mass of base 

Equivalent mass of base =- 

Acidity of the base 

Acidity of base = Number of replaceable OH" ions 

present in one molecule of the base 
or 

It is the mass of a base which completely reacts with one gram 
equivalent mass of an acid. 
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e.g., Ca(OH )2 + 2HC1-^ CaCl 2 + 2 H 2 O 

74g 73g 


= 2 g equivalent of HCl 


2 gram equivalent of HCl reacts with 74 g Ca(OH )2 
1 gram equivalent of HCl will react with 37 g Ca(OH )2 
Thus, equivalent mass of Ca(OH) 2 = 37 


Base 

Acidity 

Molecular mass 

Equivalent mass 

NaOH 

1 

40 

40/1 =40 

KOH 

1 

56 

56/1 =56 . 

Ca(OH)2 

2 

74 

74/2 = 37 

NH4OH . 

1 

35 

35/1 = 35 


(C) Equivalent Mass of Salt 


Let us consid er a salt of w eak acid (H 2 CO 3 ) and strong base 
(NaOH). This salt undergoes hydrolysis in water to form basic 
solution. 

NajCOj + 2H20^=^ H 2 CO 3 + 2Na^ + 20H' 

Such salts react with mineral acids like HCl 

NajCOj+2HCL—^-2NaCl + H20-+.C02..:. 


In the above reaction one mole of Na 2 C 03 reacts with 2 
equivalents of HCl 


Equivalent mass of Na 2 C 03 


Molecular mass of Na 2 C 03 
2 



Thus, mass of the salt which reacts with one gram equivalent of 
acid or base is called its equivalent mass, e.g ., 


(i) NH 4 CI + NaOH -> NHj + NaCl + H 2 O 

Imol Ig equivalent 


Equivalent mass of NH 4 CI = 


Molecular mass of NH 4 CI 

i 


(ii)AgN03+ HCl -jAgCl + HN03 

1 mol ■ ’8 equivalent 

^ . ■ „. Molecular mass of AgN 03 

Eqmvalent mass of AgN 03 =-j- - 

Alternatively, 


^ , Molecular mass of salt 

Equivalent mass of salt =-:- 

Total positive or negative valency 


Salt 

Valency 

Equivalent mass 

NaCl 

1 

molecular mass /1 

CaCl2 

2 

molecular mass /2 

Ca3(P04)2 

6 

molecular mass /6 

AICI 3 

3 

molecular mass/3 


(D) Equivalent Mass of an Oxidising Agent 

(a) Available oxygen concept: The mass of oxidising 
agent which contains 8 g of available oxygen (i.e.,,the oxygen 


which can be used for oxidation) is called the equivalent mass of 
oxidising agent. 

Examples: 

(i) K2Cr207 “1“ 4H2SO4->^2804 +Cr2(S04)3 

294.2g 

+ 4H2O+ 3[0] 

3xl6g 
= 48g 

294 2 

Equivalent mass of K 2 Cr 207 = —^ x 8 = 49.03 

(ii) Equivalent mass of KMn 04 : Potassium permanganate 
is a powerful oxidising agent in acid, base and in neutral medium. 

(1) Acid medium: 

2KMn04+3H2S04-> K2SO4+2MnS04 +3H2O+ 5[0] 

2xl58g 5xl6g 

-8fLg“Oxygen-is-fttmished-by-3f^^KMn04-- - 

i. e., equivalent mass of KMn 04 in acidic medium is 31.6. 

(2) Neutral medium: 

2KMn04 + H2O-> 2Mn02 + 2KOH+ 3[0] 

2xl58g 3xl6g 

Equivalent mass ofKMn 04 =-^x 8 = 52.6b - 

(3) Alkaline medium: 

2KMn04 + 2KOH —^ 2K2Mn04 + HjO + [O] 
2xl58gKMn04 sl6g‘0’ 

Equivalent mass of KMn 04 = x 8 = 158 

16 

(b) Electron concept: 

Equivalent mass of oxidising agent 

_ Molecular mass of oxidising agent 

Number of electrons pined by one molecule 

Examples: (i) Equivalent mass of potassium dichromate: 

CrjO?' + 14H+ + 6c' —^ 2Cr + 7H2O 

„ . , ^ ^ Molecular mass 294 

Equivalent mass of K 2 Cr 207 =-=-= 49 

6 6 

(ii) Equivalent mass of KMn 04 in acid medium: , 


Mn04+8H++5c" 
Equivalent mass of KMn 04 = 


-)Mn^* + 4 H 2 O 

Molecular mass _ 158 
5 


= 31.6 


Similarly, equivalent nass of KMn 04 in neutral and alkaline 
medium can be calculated. 

Mn 04 + e~ -^ MnOj” (Neutral medium) 

MnOi + 2 H 2 O + 3e"-> Mn 02 + 40H' (Alkaline medium) 

(c) Oxidation number concept: 

Equivalent mass of oxidising agent 

Molecular mass of oxidising agent 

Total change in oxidation number 
. per molecule of oxidising agent 
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Examples; 

(i) Equivalent mass of K 2 Cr 2 O 7 ; 

K 2 C £2 O 7 + 4 H 2 SO 4 K 2 SO 4 + Cr'^ 2 (SO 4 h + 4 H 2 O+ 3[0] 


Change in oxidation number of chromium = 126 = 6 


Equivalent mass of K 2 Cr 207 


Molecular mass 294 


= 49 


(ii) Equivalent mass of KMn 04 in acid medium: 


+1+7—8 +2—2 

2KMn04 +3H2SO4,-»K2S04 + 2MnS04 + 3H20+5[0] 

Change in oxidation number of manganese = 7-2=5 
Equivalent mass of KMn 04 

Molecular mass 158 




(E) Equivalent Mass of a Reducing Agent 

(a) Available oxygen concept: The amount of reducing 
agent in gram which reacts with 8 g of available oxygen is called 
gram equivalent mass of reducing agent. 

Examples; 

(i) Oxalic acid: 

COOH 

1 ^HjO + iO]->2C02+3H,0 

COOH ,6g 


1 mol (126 g) 


126 


Equivalent mass of oxalic acid = — x 8 = 63 

16 

(ii) Ferrous sulphate: 

2FeS04 +H2S04+[0]-> Fe2(S04)3 + H^O 

2 mol (2 X 152g) I6g 

2 X 152 

Equivalent mass of ferrous sulphate = ——— x 8 = 152 

Similarly, equivalent mass of Mohr salt can be determined. 

2 mol FeS 04 (NH 4)2 SO 4 ■ hHjO = 1 gram atom of oxygen 

392 V 2 X 8 

Equivalent mass of Mohr salt =- — -= 392 

(b) Electron loss concept; 

Equivalent mass of a reducing agent 
_ Molecular mass 

Number of electrons lost by one molecule 

Example: Ferrous ammonium sulphate (Mohr salt). 
Oxidation of Mohr salt involves the following ionic reaction; 


Fe 


2+ 


-4 Fe^^ + e~ 


Equivalent mass = Molecular mass 


(c) Oxidation number concept: 

, Molecular mass 

Equivalent mass: 


Total change in oxidation number 
of the oxidised element per molecule 

The oxidation number of iron in ferrous salt is +2 while the 
oxidation number of irorr in ferric salt is +3. The change in 
oxidation number per atom of iron is I, /. e., one unit. 
.■.Equivalent mass pf ferrous ammonium sulphate 
Molecular mass 392 


1 


1 


: = 392 


‘.ll SSI^SOME Solved Examples\ 822i!I; ,? 

Example 1. When hydrogen gas was passed over 8.08 g of 
heated metal oxide, it was completely reduced and l.Sg of water 

'wasfbrmett: . ■' ^ . .^ 

. 


en mtne metaUmde? 7 ^ 

{b) What is the equivalent mass of the metal? 

Solution: (a) When hot metal oxide is treated with 
hydrogen, 1.8 g water is formed, 

18 g H 2 O contains 16 g oxygen. 

Thus, 1,8 g HjO wilTeontain 1.6-g oxygen: -. ' — 

(b) Equivalent mass may be defined as weight of the metal 
that combines with 8 parts of oxygen to form its oxide. 

Mass of metal in its oxide = 8.08-1.6 
= 6.48g 

1 .6 g oxygen combines with 6.48 g of metal 

6 48 

8 g oxygen will combine with = ^— x 8 g of metal 

1.6 

= 32.4g 

Thus, equivalent mass of metal = 32.4 
Example 2. SOi is oxidised to 
Calculate equivalent mass of SO 2 - 


in acid medhnn. 


+4 


+2 + 6-8 


Solution: S 02 {g)+ 2 H 2 O-> H, SO 4 + 2H ' 

Change in oxidation number of sulphur = 6 - 4 = 


Equivalent mass of SO 2 = 


Molecular mass 64 


= 32 


2 2 

Example 3. What is the equivalent mass of: 

(a) H^PO^ when neutralised to HPOf 

(b) HCIO^ 

(c) NalOi, when reduced to I ~ 

(d) NalOj when reduced to 1 2 

(e) Aimh- 

Solution: (a) Molecular mass of H 3 PO 4 = (3 + 31+64) 

= 98g. H 3 PO 4 when neutralised to HPO^", two ions have 
been replaced. 

Mol. mass 

Thus, eq. mass =- 

No. of replaceable hydrogen atoms 

= ^ = 49,0g 
2 
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(b) HCIO4 molecule contains one replaceable hydrogen atom, 

Tu Mol. mass 100.5 

Thus, eq. mass =-=-= 100.5 


(c) 


1 

I 


NalOj 

Oxidation no. +5 -I 

Change in oxidation number = 6 

Mol. mass of NaI 03 =(23>127 + 48) = 198 g 

c f KT Mol. mass 198 „ 

Eq. mass of NalO, =-= — = 33.0 

Change in O. N, 6 


(d) NalOj 

Oxidation no, +5 


-4 17 
0 


Change in oxidation number = 5 
198 ^ 


Eq. mass of NalO, = = 39.6 

5 

(c) TheacidityofAKOH), is3. 

c Mol. mass 78 „ 

Eq. mass of Al(OH), =-= — = 26.0 a 

Acidity 3 

Example 4. Calculate the number of millimoles and 
■'Ulieqiiivalants qfCisOf ions in acid medium when 100 ml of 
j,ni.'V/C; 207 ‘‘ is reduced to Cr'"^ by Fe'^. 

Solution: Cr,©^^ + I4H^ + 6e^ -> 2Cr^"^ +7H,0 


I rnol 

0.01 M Cr,0; 


6 mol 


i0.06?/CisO; 


Number of millimoles = M xV = 001 x 100= 1 
Number of milliequivalents = M xV = 0.06x 100= 6 

Example 5. Give the relation between molecular mass 
( A/) (iiiil equivalent mass (E) of the underlined species in the 
following reactions: 

(a) HyPO:, + CaiOH), - >CaHPOi + IH.O 

(b) Hfh + -> Mn-^ +O 2 + H.O 

(c) 4HyPOy -> 3H^PO^ + PHy 

(d ) HC^CH + 2Na -> NaC =CNa + 

Solution: (a) HjPOj + CaCOH), —-^CaHPOj + 2 H 2 O 


BasieityofH 3 P 04 =2 
Equivalent mass of H 3 p 04 (£) ^ 


Molecular mass (A/) 


(b) 


+2 -2 

H, O, 


0 

O') 


Change in oxidation number of HjO, = 2 

„ A i-T, ^ Molecular mass (M) 

Equivalent mass of (£) =- ——^—- 


(c) 


H +3 -6 
Hj PO3 


+3 +5 -8 
H, P Oa 


Change in oxidation number of ‘P’ = 2 


Equivalent mass (£,) = 


Molecular mass (M) 


+3 +3 -6 

H, P O, 


2 

-3 +3 
-> PH, 


Change in oxidation number of ‘ P’ = + 3 - (-3) = + 6 

c , , -r- , Molecular mass (M) 

Equivalent mass (£, ) = —---——- 


Overall equivalent mass = £, + £2 

_ M ^ M _ 4M 

~ 2 6 ~ 6 


2M - 
3 

»NaC=CNa + H, 


(d) H—C=C —H + 2Na 

Basicity of acetylene = 2 

c Molecular mass(M) 

Equivalent mass (£) =--—- 


"Example 6 . Determine the number of g equivalents of 
~Tohd¥m {aJ\00mCofEN HCl {lffl5^iIfbfOAN'Na2COy. 
Solution : We know that^ 

Number of g equivalents = Normality x Vol. of solution (litres) 


(a) Number of g equivalents of HCl = 5 x 


100 

1000 


= 0.5 


(b) Number of g equivalents of NajCOj = 0 .1 x 


250 

1000 


= 0.025 

Example 7. What volumes of\2N HCl and 3 N HCl must 
he mixed to form one litre 6 N HCl? 

Solution: Let v mL of 12 A HCl and y mL of 3 7Y HCl be 
mixed to form one Hire 6 N HCl. • 

So, x+jt=1000 • ... (i) 

Applying the formula /Y|£| + /Y 2 F 2 = ^ 3 ^ 3 ) 

= l2N,Vf =x,N 2=3N,V^= y,Ny =^6N,Vy =1000 
So, 12r + 3j= 6 x 1000 (ii) 

Putting the value of y = (1000- x)from eq. (i) in eq. (ii). 

12x + 3(1000 = x)=6000 
or 11 y-- 1 y +3000 = 6000 

or , ' 9 .y= 3000 

3000 


= 333.3 iiiL 


So, 


-= (1000-x)= (1000- 333.3)= 666.7 mL 
i.e ,333.3 mL 12 /Y HCl and 666.7 mL 3 iVHCl are mixed. 

Example 8 . (a) What is the normality of a 96 per cent 
solution of H2S0^ of specific gravity 1.84.? 

(b) How many mL of % per cent sulphuric acid solution is 
necessaiy to prepare one litre 0 . 1 N H^SO^ ? 

(c) To what volume should lOmL of 96per cent H 2 SOty be 
diluted to prepare 2 N solution ? 

Solution: Mass of 1 litre of H 2 SO 4 solution 

= Vol. X Density 
= 1000 X 1.84 = 1840g 

Mass of H 2 SO 4 present in one litre 96% H 2 SO 4 solution 
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= ^xl840=1766.4g 

100 

Strength of H 2 SO 4 solution = 1766.4 g/L 

(a) Normality = = 11^ = 36,05 N 

Eq. mass 49 

(b) Let the volume taken be V^ mL 

Applying N^V^ 

A 
10 

1 


1 mol of A ion will react with 


l, 6 x 10 “ 


• mol of MnOa ions 


Ai= 36.05A, F, =?, N 2 


1000 mL 


36.05 xF, = —X 1000 


10 


So, 


yx.= 


1000 


2.68x10“-’ 

= 0.579 mol of Mn 04 ions 
+7 - +2 ' 

2KMn O 4 + 3 H 2 SO 4 -J.K 2 S 04 + 2Mn SO 4 + 3 H 2 O+ 5[0] 

Number of equivalents of MnO^ used in oxidation of A to 
.403 =0.597x5 = 2.985 = 3 

Thus, from e4uation (i), 5 - « = 3 

n = 2 

OF OBJECTIVE QUESTIONS 

1. An element X having equivalent mass E forms a general 
oxide XJA„, its atomic mass should be: 


36.05-X40- 


^2.77mL 


i. e., 2.77 ml. of H 2 SO 4 is diluted to one litre. 

(c) NsVs = 

Before dilution After dilution 

10 X 36,05 = F^ x 2 

F^ = 180.25 mL 

t. e., 10 mL of given H 2 SO 4 is diluted to 180.25 mL. 

. Ejcample 9. 250 ml of xM solution and 500 ml of yM 
solution of a solute A are mixed and diluted to llitre to produce a. 
final concentration of 1.6 M 

If x : y = 5:4, calculate X andy. 

Solution: We know that, 

A/jF,+JW 2 F 2 =Ms(F, +F 2 ) 

XX 250+7X500=1.6(2000) 
x +27 = 1 . 6 x 8 
• . x + 27 = 12.8 

f + 2 =li^ 


^ + 2 = 

4 

13 

' 4 ' 


y 

12.8 

y 

12.8 

y 

12.8x4 


" = • 13 

x = 4.92 


= 3.94 


Similarly, 

Example 10. 268 x 10“^ mol of a solution containing an 
ion A required 1.6 x 10“^ mo/ of MnO'^ for oxidation of A"* to 
AOy ion in acid medium. What is the value of n? 

Solution: ^'''^is oxidised to ^ Oj 
Change in oxidation number = 5(in AO^ ) - n(in A ) 

= 5 - K ... (i) 

4 


2 , 68 x 10 ^ mol of ion react with ]. 6 x 10 "^ mol of MnO! 


(c)- 


(d) 


ME 


(a)— (b)2m£« 

” m ■ .. 

iAnsr^fa)) " 

[Hint: Amount of X that combines with 8 g of oxygen, 
_ mx Atomic mass 


« X 2 


Atomic mass = 


2£« 


In the reaction, 

FeS2 + KMn 04 + H""->Fe^'" + SO 2 + + HjO 

the equivalent mass of FeS 2 would be equal to: 


(a) molar mass 

, , molar mass 

(c)- 

11 

[Ans. (c)] 
[Hint: - 

FeS, - 


(b) 

(d) 


molar mass 
__ 

molar mass 


13 


^ 2 - 

*2 


Equivalent mass of FeS 


^ Fe^* + e~ ; 

^ 28'*-’ + Fe^* + Ile“ 
Molar mass, 


. 2 S''-" + lOc- 


II 


4. 


The equivalent mass of H 3 BO 3 in its reaction with NaOH to 
form Na 2 B 407 is equal to: 

(a) molar mass/4 (b) molar mass/3 

(c) molar mass /2 (d) molar mass 

[Atis. (d)] 

[Hint: Boric acid is a monobasic acid. 

Hence, Equivalent mass = Molar mass] 

For the reaction, N 2 (g) + 3 H 2 (g)- > 2 NH 3 (g), if 

molecular masses of NHj and N 2 are Af, and M 2 , their 
equivalent masses are E, and £ 2 . then (£j - £ 2 ) ’*■ 


(a) 


2M, - M, 


(c) 3A/| - M 2 


[Ans. (a)] 

[Hint: Equivalent mass of Nj, i. e, £2 


(b) M, - M 2 
(d) M, - 3 M 2 

Mj 


Equivalent mass of NH3, /.e, £, = ^ 


tons 


Then, 


■£ 2 =^ 

^ 3 


M 2 

6 


2Af, 


■M 2 , 
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5. 


X g metal gave 7 g of its oxide. Hence, equivalent mass of 
the metal is: 


(a) 


(c) 


Y-X 


Y + X 


X 8 


(b) 


X 


X 


X 8 


(d) ^ X 8 
Y 


X 

[Ans. (a)] 

[Hint: Mass of oxygen in the oxide = (Y - X) 

X 


8 g oxygen will combine with 

KMn 04 (m,w. 


Y-X 

x 8 ] 


X 8 g metal. 


[Y-X ^ 

158) oxidises oxalic acid in acid medium to 


CO 2 and water as follows; 


SCjOf + 2Mn04 + 16 ^ -4IOCO2 + 2 Mn" + SHjO 

What is the equivalent weight of KMn 04 ?[CET (J&K) 2006]' 
(a) 158 (b) 31.6 (c) 39.5 (d) 79 

[AnSi (b)] 

[Hint: Mn 04 -> Mn^’*’ 

(Oxidation number (Oxidation number 
ofMn = + 7) ofMn= + 2) 

Molecular mass 


Equivalent mass of KMn 04 


Change in oxidation number 
*^ = 31 , 6 ] 


The formula mass of,Mohr’s salt is 392. The iron present in it 
is oxidised by KMn 04 in acid medium. The equivalent mass 
of Mohr’s salt is: 

(a) 392 (b) 31.6 (c) 278 (d) 156 

[Ans. (a)] 

[Hint: Formula of Mohr’s salt; FeSQ 4 • (NH 4 ) 2 S 04 • OHjO 
Oxidation of Fe^”^ ions take place as; 

SFe^-’ + MnO: + 8 H+ ->5Fe^* + Mn^^ + ffl.O 


Change in oxidation number of Fe 
Equivalent mass of Mohr’s salt 


2'- 

+ 3 “ (+2) — + i 
Molecular mass 


Change in oxidation number 
392 


8 . 


:392] 

1 

In a redox reaction, dichromate ion (Cr 207 “) is reduced to 

^^^3+ the equivalent mass of K 2 Cr 207 in this reaction is: 

(EAMCET 2007) 
,,. molecular mass 
(b) --- 


(a) 


(c) 


molecular mass 


molecular mass 


1 


(d) 


molecular mass 


(b)] 


CrjO^" + MR-' + 6e- 


[Ans. 

[Hint 

Change in oxidation number = 6 

. , Molecular mass 

.•. Equivalent mass =- 


2Cr" + 7H,0 


14.5 ACID-BASE TITRATIONS 

The determination of concentration of bases by titration with a 
standard acid is called acldimetry and the determination of 
concentration of acids by titration with a standard base is called 

alkalimetry. 

The substances which give different colours with acids and 
bases are called acid-base indicators. These indicators are used in 
the visual detection of the equivalence point in acid-base 
titrations. The acid-base indicators are also called pH indicators 
because their colour change according to pH of the solution. 


pH Range of Indicators 


Indicators 

pH range 

Colour of indicator 








-II <1 



Mcth 1 n 

Bromo phenol blue 
Methyl red 

Litmus 

Bromo-thymol blue 
Phenol red 

Thymol phthalein 

—JTT^ 4:4 

3-4.6 

4.2 - 6.3 . 

5- 8 , 

6- 7.6 
'8.3-10 

'.8:3-10.5 

Kea. 

Yellow 

Red 

Red 

Yellow 

Colourless 

Colourless 

uraiigc 

Blue 

Yellow 

Blue 

Blue 

Pink 

Blue 


In the selection of indicator for a titration, following two 
informations are taken* into consideration: 


(i) pH range of indicator. 

(ii) pH change near the equivalence point in the titration. 

The indicator whose pH range is included in the pH change of 

the solution near the equivalence point, is taken as suitable 
indicator for the titration. 

(i) Strong acid-strong base titration: In the titration, of 
HCl with NaOH, the equivalence point lies in’ the pH change of 
4 -10. Thus, methyl orange, methyl red and phenolphthalein will 
be suitable indicators. 

(ii) Weak acid-strong base titration: In the titration of 
CH 3 COOH with NaOH the equivalence point lies between 7.5 
and 10. Hence, phenolphthalein (8.3-10) will be the'suitable 
indicator. 

(iii) Weak base-strong acid titration; In the titration of 
NH4OH (weak base) against HCl (strong acid), the pH at 
equivalence point is about 6.5 and 4. Thus, methyl orange 
(3.1-4.4) or methyl red (4.2-6.3) will be suitable indicators. 

(iv) Weak acid-weak base titration: In the titration of a 
weak acid (CH 3 COOH) with weak base (NH4OH) the pH at the 
equivalence point is about 7, i. e., lies between 6.5 and 7.5 but no 
sharp change in pH is observed in these titrations. Thus, no 
simple indicator can be employed for the detection of the 
equivalence point. 

(v) Titration of a salt of a weak acid and a strong base 
with strong acid: 

H 2 C 03 + 2 Na 0 H ->Na 2 C 03 + 2 H 20 

Weak acid Strong base 

Na 2 C 03 when titrated with HCl, the following two stages are 
involved: 

Na 2 CO 3 + HCl-> NaHCOj + NaCl (First stage) 

pH = 8.3, near equivalence point 
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NaHC 03 + HCl-» NaCl + HjCO, (Second stage) 

pH = 4, near equivalence point 
For first stage, phenolphthalein and for second stage, methyl 
orange will be the suitable indicator. 

14.6 TITRATION OF MIXTURE OF NaOH, 
NaaCOj AND NaHCOg BY STRONG 
ACID LIKE HCl ' 

In this titration the following indicators are mainly used: 

(I) Phenolphthalein (weak organic acid): It shows colour 
change in the pH range (8-10). 


(il) Methyl orange (weak organic base): It shows colour 
change in the pH range (3.1-4.4). Due to lower pH range, it 
JmiicatesjMmipletejieutcaU&afiQix,Qf..wholejiLt^^^ _ 


-;-f 


1 1 1 1 - 

.. .. , 

a. O'. 1 

Base 

Pbenolphtualeiii 


1. 

NaOH 

Shows complete 

Shows complete 



neutralisation, 

neutralisation. 



NaOH + HCl 

NaOH + HCl ^ 



NaCl + H2O 

NaCl + HjO 

2. 

NajCOj 

Shows half 

Shows complete 



neutralisation due to 

neutralisation. 



following reaction; 

Na^COj + 2 HC 1 



NazCO, + HCl -» 

2 NaCl + H.O + CO, 



NaHCOj + NaCl 


3. 

NaHCO, 

Shows no reaction 

Show complete reaction. 




,NaHC 03 + HCl -+ 


. 


NaCl + H ,0 + CO, 


Let for complete neutralisation of NajCOj, NaHCOj and 
NaOH, A', yand z mL of standard HCl are required. The titration of 
the mixture may be carried by two methods as summarised below: 


, 

Mixture 

Volume of HCl 
used with 

Volume of HCl used 

Phenol- Methyl 
phthaleih orange 
from ! from 
beginning | beginning 

Phenol- i , 

, . Methyl orange 

phthalein j 

, after first end 

from , , 

. . . point 

beginning j 

!. NaOH 

Z + (.t/ 2) ! (.V + z) 

A \x/2 (for remaining 

+ NtiiCOij 


^ 2 !50%Na,COj) . 

2. NaOH 

2+0 i(z+ y) 

(z+0) (for 100% 

+ NaHCOj 


! remaining 



: NaHCOj) 

3. NajCOj 

(a/2)+ 0 \(x+ y) 

(a/2)+0 l(A/2)+y(for 

+ NaHCOj 

I 

1 remaining 50% of 



iNa^COjand 100% 



i NaHCOj 


! 

!are indicated) 


:: :;;S|MSome solved Examples\822;::. 


Example 11. What is the strength in g per litre of a 
solution of sulphuric acid, 12 mL of which neutralise 15 niL of 
N/lOsodium hydmxidesolution? 

Solution: Applying N,V, = iVjF, 

(NioH) (H,lo;) 


— X 15 = A, X 12 
10 

A, = =0.125 

10 x 12 

Normality x Eq. mass = Strength (g/L) 

Strength = 0.125 X 49 = 6.125 g/L 
Example 12. 4.9 g of //j SO 4 is present in 100 mL of the 
solution. What is the molarity of the solution? Calculate its 
normality also. 


Solution ; Strength (g/L) of H 2 SO 4 = 


4.9 

100 


X 1000=49 


, . Strength 49 „ ^ , 

Molarity =-= — = 0.5 M 

Mol. mass 98 

Normality^ =» x^Molarity---- 

...Molvmass 98—r—:— 


Eq. mass 49 
Normality = 2 x 0.5 = 1.0 
Hence, the H 2 SO 4 solution is 1 A. 

-Example 13. 25 mL of A/10 caustic soda solution exactly 

neutralises 20 mL of an acid solution containing 7.875 g 0 /acid 
per litre. Calculate the equivalent mass of the acid. 


Solution; 


=N,V, 

(NaOH) (Acid) 

-i-x25 = A 2 x20 
10 


N, 


25 


10x20 


= 0.125 


Eq. mass of the acid = 


Strength = Normality x Eq. mass 
7.875 


0.125 


= 63.00 


Example 14. \ 50, mL q/A/10 HCl is required to react 
completely with 1.0 g of a-sample of limestone. Calculate the 
percentage puri^ of calcium carbonate. 


Solution: 


150 mL — HCL 
10 . 


il50 mL —CaCO. 
10 ^ 


CaCO, + 2HC1 


Mol. mass 


; eq. 


Eq. mass of CaC 03 


-^CaClj +H2O+CO2 
40 + 12 + 48 100 


50 


Mass of CaC 03 present in 150 mL A/10 solution, 
V 


NxEx- 


1000 

Purity 


CA 1 150 

■ 50 X- X - : 

10 1000 


0.75 g 


0.75 


X 100=75% 


Example 15. 0.63g of dibasic acid was dissolved in water. 
The volume of the solution was made 100 mL. 20 mL of this acid 
N 

solution required XOmL — NaOH solution. What is the equivalent 
mass and molecular mass of the acid? 
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Solution: 




(Acid) 

AT, x20: 
iV, ^ 


(NaOH) 

= ix 10 

5 

10 


- X - 

5 20 


10 


Strength of the acid solution = Eq. mass of the acid x Normality 


■ Ex 


1 


10 10 

Mass of acid in 100 fnL of the solution = 


g/L 


E 100 _ E 
10 1000 100 


Mass of acid in 100 mL of the solution = 0.63 g (given) 
E 


So, 


100 


0.63 


or 


£ = 63 


: Eqr mass - 

= 2x63=126 

Example 16. 10.875 g of a mixture of NaCl and Na 2 CO^ 
was dissolved in water and the volume made up to 250»i£, 20 niL 

N 

of this solution required 75.5 ihL of — HiSO^. Find out the 

percentage composition of the mixture. 

Solution: Only Na 2 C 03 will react with H 2 SO 4 . 


Applying 


N^V^ s iVjFj 
(NajCOj) (H 2 SO 4 ) 


N, X 20= 75.5 x 


10 


N, 


75.5 

20x10 


= 0.3775 


Na2C03 + H2SO4 

1 mol. mass 2 g eq. 


-^Ns-^SO^ +H2O + CO2 


106 


Eq. mass of Na 2 CO 3 = = 53 

Mass of Na 2 CO 3 present in 250 mL 0.3775 N solution 

_NxExV _ 0.3775 x 53 x 250 

1000 iooo 

= 5.0018 g 

Mass of NaCl = (10.875 -5.0018) =5.8732 g 
5.0018 


Na 2 C 03 


10.875 


X100 = 45.99% 


NaCl = X 100 = 54.0% 

10.875 

Example 17. A quantity of. ammonium chloride was 
heated with lOOmL of0.%N NaOH solution till the reaction was 
complete. The excess of NaOH was neutralised with M.SmL of 
0.75N H 2 SO 4 . Calculate the quantity of ammonium chloride. 

Solution: 

12.5 mL of 0,75 N H 2 SO 4 = 12.5 mL of 0.75 N NaOH 
12.5 mL of 0.75 iV NaOH = 11.72 mL of 0.8 iV NaOH 


NaOH solution used by NH 4 CI 

= (100 - 11.72) mL of 0.8 N NaOH 
= 88.28mLof 0.8 ANaOH 
s88.28 mLof O. 8 N NH 4 CI 

. Mass of NH4CI present in 88.28 mL of 0.8 N NH4CI solution 
NxExV O.S'x 53.5x 88.^8 


1000 


1000 


• = 3.7783 g 


[Eq. mass o'fNH 4 Cl = 53.5] 

. Example 18. A sample of Na 2 COT, • H 2 O weighing 0.62 g 
is added to 100 ml p/0.1 A sulphuric acid. Will the resulting 
solution he acidic, basic or neutral? (At. mass H = 1. C = 12, 
0=16, iV« = 23,S=32) 

Solution: Mass of Na 2 C 03 •H 20 = 0.62 g 


No. of g equivalents = 


—Mass--0:62-- 


:0.01 


[Eq. mass of Na 2 C 03 -HjO: 


No. of g equivalents of H 2 SO 4 in 100 mL ^ 


0.1 

1000 

10 ~ 


2 

xlOO 

0.01 


62] 


Both the substances are present in same equivalent; they will 
completely neutralise each other and hence, the resulting solution 
will be neutral. 

, ■, Example 19. A solution containing 4.2 g of KOH and 
Ca(OH )2 is neutralised by an acid. If if consumes 0,1 g 
equivalents of the acid, calculate the composition of the sample. 
Solution: Let mass of KOH be present in mixture = a g 

and Mass of Ca(OH) 2 = (4.2 - a) g 

74 

Eq. mass of KOH = 56; Eq. mass of Ca(OH) 2 = — = 37 

g equivalent of KOH + g equivalent of Ca(OH )2 

= g equivalent of the acid 

(4.2-a) 


or 

or 


31a- 


a 
- 

56 
56a = 
19a = 


a = 


= 0.1 

37 

0.1x 56x 37- 
28 

28 , 1.47 . 


4.2x56 


and 


Mass of KOH in the sample = 1.47 g 
Percentage of KOH = 35 
Percentage of Ca(OH )2 = 100 - 35 = 65 


Example 20. At)mL of HCl is exactly neutralised by 2QmL 
of NaOH solution. The resulting neutral solution is evaporated to 
diymy-: and the residue is found to have a mass of 0.117 g. 
Calculate the normality of the HCl and NaOH. 

Solution: 


HCl + NaOH- 

36.5 40 

Ig eq. Ig cq. 


»NaCl + H20 

58.5 
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Mass of NaCl obtained = 0.117 g 
Eq. mass of NaCl = 58.5 
0.117 


No. of g equivalents of NaCl: 


58.5 


0.002 


Thus, 0.002 g eq. of HCl will react with 0.002 g eq. of NaOH 
to form 0.002 g eq. NaCl. 

Normality of HCl = x 1000 = 0.05 N . 

40 

Normality of NaOH x 1000 = 0.10 iV 

Example 21. 1.03 g mixture of sodium carbonate and 
calcium carbonate require 20 mL N HCl for complete 
neutralisation. Calculate the percentage of sodium carbonate 
-an4-ealemm-earbonate4n-the^given-mixture.- --- 


4SoluttonTNa2COT"t^12HCT^^2NaetH-ifc&T^^ 

• 106 2x36.5 


-^CaCl 2 +H2O + CO2 


Eq. mass 

53 

36.5 


I'geq. 

1 geq. 


CaCOj + 

2HC1 ■ 


100 

2 X 36.5 

Eq. mass 

50 

36.5 


1 geq. 

1 geq. 


Let X g CaCOj be present in the mixture. 

Mass of Na 2 C 03 in the mixture = (1.03 -jc)g 

X 

50 

(1.03-x) 


No. of g equivalents of CaCOj = 
No. of g equivalents of Na 2 C 03 = 
No. of g equivalents in 20 mL N HCl = 


■53 

Normality x Vol. 
_ 

1x20 1 


250 mL of the sodium carbonate solution contains = 1.325 g 
1000 mL of the sodium carbonate solution contains 
, ’ ■ . ■ _ 1.325 g 


Normality of Na 2 C 03 solution ^ 


250 
Strength (g/L) 
Eq. mass 
5.30 _ 1 ,, 
53 10 


X 1000- 5.300 g 


Applying 


10 


(NajCOj) {H 2 SO 4 ) 

x25 = Nn X20 


N, 


25 


.1£LX.20_.^8_ 


1000 50 

At equivalence point, 

No. of g equivalents of CaC 03 + No. of g equivalents of 
Na 2 C 03 = No. of gram equivalents of HCl 


X' 1.03-x_ 1 
M 53 ” 50 


or 


CaCOj = 0.50 g, % CaCO 


x=0.50 
0.50 


1.03 

0.53 


X100 = 48.54 


NajCO, ='0.53g,%Na2CO3 =22:^x100 = 51,46 

2 3 6 

Example 22. 1.325 g of anhydrous sodium carbonate are 
dissolved in water and the solution made up to 250 mL. On 
titration 25 mL of this solution neutralise 20 mL of a solution of 
sulphuric acid. How much water should be added to 450 mL of 
this acid solution to make it exactly Nl\2? 

„ , ^ Mol. mass 106 

Solution: Eq. mass ofNa 2 C 03 =-=—; =53 

2 2 


Applying, 


NbVb 


NaVa 


(Before dilution) (After dilution) 

1x450= —xF, 


12 

450x 12 
8 


675 mL 


Water to be added for dilution = (675 - 450) = 225 mL 

■ Example 23. A sample of sodium carbonate contains 
sodium sulphate also. 1.5 g of the sample is dissolved in water 
and volume raised to 250 mL. 25 mL of this solution requires 20 
N 

mL of — Ho SO A solution for neutralisation. Calculate the 
10 ^ ^ 

percentage of sodium carbonate in the sample. 

Solution: Only Na 2 C 03 will react with HjSO^. 


Applying 


N.F, =N^V^ 


(NajCOj) 

iVi X 25 = 20 X 


(H2SO4) 

j_ 

10 

20 


Eq. mass of Na 2 C 03 = 


25x10 
Mol. mass 


0.08 
106 


= 53 


2 2 

Mass of Na 2 C 03 present in 250mL 0.08iV solution 
NxExV 0.08x 53x 250 


1000 1000 
Percentage of Na 2 CO 3 in the mixture = 


1.06 g 


1.06 

1.50 


x 100=70.67 


Example 24, In a sample of sodium carbonate some 
sodium sulphate is also mixed. 1.25 g of this sample is dissolved 
and the volume made up to 250 mL. 25 mL of this elution 
N 

neutralises 20 mL of — sulphuric acid. Calculate the percentage 
of sodium carbonate in the sample. 


2 
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Solution: 25 mL of sample solution neutralises 


:20mL —H 2 SO 4 
10 


250 mL of sample solution will neutralise 


:200mL —H 2 SO 4 
10 


200 mL — H 2 SO 4 = 200 mL — Na.CO, solution 
10 10 


Amount of Na 2 C 03 present = 


ExNxV 
1000 
53x200 
10x1000 


1.06 


1.06 


% of Na 2 CO 3 in the sample = — x 100 = 84.8 
- — - lv25--- 


N ' 

300 ml of—HCl. lOmLof —sodium hydroxide were required to 

neutralise excess of the acid. Calculate the equivalent mass of the 
metal carbonate. 

Solution: 10 niL of — NaOH solution 
2 

= lOmL of — HCl solution 


N 

s 50 mL of — HCl solution 
10 


.N 


Volume of — HCl used for neutralisation = 300 - 50 = 250 mL 
10 

N N 

250 niL of— HCl = 250 mL of— metal carbonate solution 
10 10 

Let the equivalent mass of metal carbonate be E. 

Mass of metal carbonate present in solution 
N.xExV 


1.725 
= 1.725 


1000 

_ lx£x250 
10x1000 

p 

= — = 1.725 
40 

£ = 40x1.725 = 69 

Example 26. 1.575 f of oxalic acid (COOH )2 ■ XH 2 O are 
dissolved in water and the volume made up to 250 mL. On 

N 

titration 1668 mL of this solution requires 25 mL of — NaOH 

solution for complete neutralisation. Calculate x. 

Solution: 


N N 

25 mL of — NaOH solution = 25 mL of — oxalic acid 
15 15 


solution 


.N 


Mass of oxalic acid present in 25 mL of — oxalic acid 

1 ^ solution 


_ NxExV lx'(90 + l&c)x25 
1000 7 15x2x1000 

- (90+lfo) 

1200 ® 

(90 + 18x) 

Actually-^-g oxalic acid is present in 16.68 mL 

1200 

solution. 

250 mL of the solution contains oxalic acid 
(90+ 18x)x250 


1200x16.68 


1.575 (given) 


1.575x 1200x16.68 

or 90+l&x =-^-= 126 


or 


250 

18x= 126-90=36 


-x=2- 


• Example,27. 25 mL of a mixture of NaOH and Na2C02 
when titrated with N/]0 HCl using phenolphthalein indicator 
required 25 mL HCl. The same volume of mixture when titrated 
with Nno HCl using methyl orange indicator required 30 mL of 
HCl. Calculate the amount ofNa 2 CO^ and NaOH in one litre of^ - 
this mixture. 

Solution: When phenolphthalein is the indicator, whole of 
NaOH has been neutralised and carbonate converted into 
bicarbonate, i. e., 

NaOH + HCl-> NaCl + H 2 O 

Na ,C 03 + HCl-> NaHCO, + NaCl 


N 


So, 25 mL — HCl s NaOH +1/2 Na 2 CO 3 present in 25 mL of 
mixture 

In another titration when methyl orange is the indicator, whole 
of NaOH has been neutralised and carbonate converted into 
carbonic acid, i..e., 

Na 2 CO 3 + 2HC1-^ 2NaCl + HjCOj 

30mL|^HClsNaOH + Na 2 CO 3 p-esent in 25 mL of mixture 
Hence, 

N 1 

(30 - 25) mL — HCl s - Na 2 CO 3 present in 25 mL of mixture 

Hence, ■ 

N 

. 10 mL — HCl s Na 2 C 03 present in 25 mL of mixture 

s 10 mL — Na 2 C 03 solution 
10 ^ 

53x10 

Amount of Na 2 CO 3 = -± 1 —Ll_ = 0.053 g 
10 x 1000 

This amount of Na 2 C 03 is present in 25 mL of mixture. 

The amount present in one litre of mixture 


0.053 

25 


X 1000 = 2.12 g 
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(30-10) mL — HCl = NaOH present in 25 mL mixture 
10 

= 20 mL — NaOH 
10 

40 X 20 

Amount of NaOH in 25 mL of mixture =-^— = 0.08 g 


Amount of Na j CO, 


0.053 

10 


X 1000= 5.3 g/L of mixture 


10X1000 


The amount present in one litre of mixture = 


0.08 


X 1000= 3.20 g 


Example 28. 25 mL of a mixture of NaOH + NaiCO-^, 
N 

when titrated with — HCl using phenolphthalein indicator 

required IS ml HCl to decolourise phenolphthalein. At this stage 
methyl orange was added and addition of acid was continued. 
The second end point was reached after further addition of 5 mL 
of the acid. Calculate the amount of Na 2 CO^ and NaOH in one 
litre of the solution. ■ 

Solution: Between flrstanS^ second end poirifs, ^ 


Between first and second end points, 

= 2.5 mL of 0.2 M H 2 SO 4 used 
= 2.5 mL of 0.4 N H 2 SO 4 used 
= 5mL.of0.2 AH 2 SO 4 used 

= i Na 2 CO, + NaHCO, present in 10 mL of mixture 

(5-2.5)mL0.2AH2SO4 

= NaHCO, present in 10 mL of mixture 
= 2.5 mL 0.2 N NaHCO, 

^ X 25 = 0.042 g 


1000 


N 

5 mL — HCl 
10 

..N. 


NaHCO, + HCl 
1 


NaCl + H 2 CO 3 


Na 2 C 03 present in 25 mL of a mixture 


or 10 mLHCr=*Na 2 CD 3 'preseht‘in 25‘niLof a riii- rffe 
10 i 


slOmL—Na^CO, 
10 , - 


0.053 g Na ^CO, 
0.053 


25 

^2.12g 


xlOOO 


Amount of Na 2 C 03 in one litre of mixture 


N 

(25 - 5)mL HCl s-NaOH present in 25 mL of mixture 

= 25 mL — NaOH 
10 

H 0.08 g NaOH 

Amount of NaOH in one litre of mixture : 


0.08 
3.2 g 


X 1000 


Example 29. A .solution contains Na 2 C 02 and NaHCO^ ■ 10 
mL of the solution required 2.5 mL of 0.1 M HiSO^ for 
neutralisation using phenolphthalein as indicator. Methyl orange 
is then added when a further 2.5 mL of 0.2 M H 2 SO^ was 
required. Calculate the amount of Na 2 COj and NaHCOj in one 
litre of the solution. 

Solution: 2.5 mLofO.l MH 2 SO 4 = 25mL of 0.2 AH 2 SO 4 


So, 

5 mL of 0.2 N H 2 SO 4 


- Na^CO, present in 10 mL of mixture 
2 " 

: Na 2 C 03 present in 10 mL of mixture 
i5mLof 0 . 2 ANa 2 CO 3 
0.2x53 


1000 


■ X 5 = 0.053 g 


TOnounrorNaHGOi 


.0.042 


10 




■ Example30. Calculate the normality of a solution. 
N N 

obtained by mixing\00mL —// 2 SO 4 , 50ml — HNO^, and25mL 


N_ 

5 


HCl solutions. 

Solution: Let the final normality be A. 

Total volume = (100+ 50+ 25) = 175 mL 


So, 


175x A: 


A,F, +N2V2+N,V, 


CH2SO4) (HNO3) 
1 


- (HCl) 


lOOx- 


10 


50x + 


25 X- 


= (10+25 + 5)=40 
40 

A = — = 0.2286 
175 . 

Hence, normality of solution = 0.2286 A 

Example 31. 0.5 g of fuming // 2 SO 4 (oleum) is diluted 
with water. This solution is completely neutralised by 26.7 mL of 
0.4 A NaOH. Find the percentage of free SO, in the sample 
solution. 

Solution: Oleum consists of SO 3 and H 2 SO 4 . 

Let the mass of SO .3 in the given sample of oleum be = x g 
Mass of H 2 SO 4 in the given sample of oleum = (0.5 - x) g 

c rcrv 80 

Eq. mass of SO, - 


No. of g equivalents of SO, 


2 

X 

40 


:40 


-+Na2S04 +H2O 


[2NaOH + SO, 

2NaOH+H2S04-> Na2S04 + 2H2O] 

Eq. mass of H 2 SO 4 = y = 49 

(0.5-x) 


No. of g equivalents of H 2 SO 4 = ^ 


49 
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X (0.5-x) 

Total no. of s equivalents = — + -- 

40 49 

26,7 mL of 0.4 N NaOH contain no. of equivalents of NaOH 

X 26,7 


Reaction: 2A1 + 3 H 2 SO 4 

. 2 X 27 3 X 98 


->Al2(S04)3 + 3 H 2 


1000 


H 2 SO 4 required for dissolving 2.7 g A1 

3x98 


At equivalence point, 

X (0.5 — x) 

No. of 2 equivalents of NaOH = — + Al- 

40 49 

0.4 X 26.7 _ 49x + (40 X 0.5 - 40x) 
1000 ~ 40x49 

0.9328 


2x27 


X 2.7= 14.7 g 


So, 


X = 


Hence, % of free SO, = 


0.1036 

TTon 


: 0.1036 


xlOO 


H 2 SO 4 left unreacted = (21.895 ^ 14.7) g = 7.1595 g 
7.1595 g H 2 SO 4 is present in 400 mL 

7.1595 

Amt. of Ht SO4 present in one litre = -^— x 1000 g 

■ . 400 

= 17.898 g 

17.898 


No. of g moles of H 2 SO 4 


98 


0.1826 


-- 20.72 -- 

Example 32. 0.789 g of crystalline barium hydroxide is 

dissolved in water. For the neutralisation of this solution, 20 mL 
N 

of — HNO^ is required. How many molecules of water are 

present in one g mole of this base? {Ba = 137.4, O = 16,7/ = 14, 
H = \) 

Solution: Let the molecular formula be Ba(OH) 2 •XH 2 O 
Mol. mass of Ba(OH )2 •XH 2 O = 137.4 + ( 2 x 16)+ 2 x 1+ 18x 

= 171.4 + 18x 

Eq. mass of Ba(OH )2 •xH 20 = 

20 mL j HNO 3 = 20 mL ^ Ba(OH )2 -xHjO 
Amount of Ba(OH )2 ■ XH 2 O = + x 


-Henee^-mol arity of H 2 SO 4 = 0.1826 M - 

Example 34. 0.50g of a mixture of K.^CO-^ and LijCO^ 
requires 30 mL of a 0.25 N HCl solution for neutralisation. What 
is the percentage composition of the mixture? 

Solution: K 2 CO 3 + 2HC1 —+ 2KC1 + H 2 O+ CO 2 

138 2x 36.5 - - 

Eq. mass ' 69 36,5 

Li2C03 + 2HC1 -> 2LiCl + H 2 O+ CO 2 

74 2 X 36.5 

Eq. mass 37 36.5 

Let X g of K 2 CO 3 be present in the mixmre. 

Mass of Li 2 C 03 = (0.50- x) 


2x4 
_ 171.4+18x 
400 

Amount of Ba(OH )2 •XH 2 O = 0.789 g 
17L4 + 18X 


1000 


Hence, 


or 


0.789 
400 

17L4 + 18x= 0.789x400 
144.2 


18 


= 8 . 01=8 


Thus, 8 g moles of water molecules are present in one g mole 
of the base. 

. Example 33. A piece of aluminium weighing 2.1 g is 
heated with 75 mL of H 2 SO 4 (sp. gr. 1.18, containing 24.7% 
H 2 S 0 ^ by mass). After the metal is carefully dissolved, the 
solution is diluted to 400 wZ,. Calculate the molarity of the free 
H 2 S 0 ^ in the resulting solution. 

24 7 

Solution: Mass of HtSO, =—^ x75 x 1.18 

100 

= 21.8595 g 


No. of g equivalents of K 2 CO 3 = — 


No. of g equivalents of Li 2 C 03 


(0.50-x) 

37 


No. of g equivalents in 30 mL of 0.25 N HCl 

Normality X Volume 0.25x30 


1000 


1000 

3 

400 


At equivalence point, 

X (0.50-x)_ 3 

69 37 ~ 400 

So, X = 0.48 

K2CO3=0.48g; or 96% 

Li 2 C 03 = 0.02 g; or 4% 

Example 35. 5mL of nitric acid, 4.8 mL of 5 N 
hydrochloric acid and a certain volume of \1 M sulphuric acid 
are mixed together and made up to 2 litres. Thirty mL of this acid 
mixture exactly neutralise 42.9 mL of sodium carbonate solution 
containing one gram of Na 2 C 02 ■\OH 2 O in 100 mL of water. 
Calculate the amount in grams of the sulphate ions in solution. 

Solution: Molecular mass ofNa 2 C 03 •10HtO= 286 

I OSlfk 

E'quivalent mass of Na 2 C 03 T0H2O =-=143 
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100 niL solution of sodium carbonate contains = 1 g 
1000 mL solution of sodium carbonate contains = 10 g 

Normality of the solution =- 

143 

Applying the formula, 

Normality of acid solution x its volume 
= Normality of sodium carbonate solution x its volume, 

10 X 42.9 

Normality of the acid solution =-^ = 0.1 

143x30 

Let F raL be the volume of H 2 SO 4 taken. 

8x5 + 4.8x 5+34xF = 0.1x2000 
F = 4 mL 

Normality x Eq. mass x Volume 


Amount of SO 4 = • 


TOOT 


^32Lx 48XTr 
1000 


6.528 g 


Example 36. 1.26 g of an ammonium salt were treated 
with lOOmZ, of normal NaOH solution and boiled till no more of 
ammonia gas was given off.-The excess of NaOH solution left 
over required 60 mL normal sulphuric acid. Calculate the 
percentage of ammonia in the salt. 

Solution: 60 niL normal H 2 SO 4 h 60mL normal NaOH 

Thus, (100-60) mL normal NaOH were consumed by 
ammonium salt. 

So, 40 mL normal NaOH = 40 mL normal NH 3 
Amount of NH 3 in 40 mL normal NHj 

Eq. mass of NH 3 x 40 


17x40 

1000 


1000 
= 0.68 


So, % of ammonia in the ammonium salt: 


0.68 


2.26 
: 30.09 


xlOO 


Example 37. lOmLofa solution containing sulphuric acid 

N 

and hydrochloric acid required 16 mL — caustic soda solution for 

8 

neidralisation. On adding excess of barium chloride to 20 mL of 
the same solution of the mixture of the two acids it gives 0.3501g 
barium sulphate. What is the amount of hydrochloric acid per 
litre in the mixture of acids? (Sa= 137.4, S'= 32, 0=16, 
Cl =35.5) 

Solution: Mol. mass of BaS 04 = (137.4 + 32 + 64) = 233.4 


H2SO4 TBaClj 

98 g 


-4 BaSO. + 2HC1 


233.4 s 


233.4 g of BaS 04 is obtained from = 98 g of H 2 SO 4 
. I ■ 98 

0.3501 g of BaS 04 is obtained from =-x 0.3501 

■ , 233.4 

= 0.147gof H 3 SO 4 

20 mL of acid mixture contains 0.147 g of Hi SO 4 


So, 10 mL of acid mixture contains 0.0735 g of H 2 SO 4 

N 

Amount of NaOH in 16 mL — NaOH solution 

8 

ExNxV 


1000 
40x 16 

8 x 1000 ' 


: 0 . 08 g 


H 2 SO 4 + 2NaOH ■ 

98g 2x40 = 80g 


Y-NaiSO. +2HiO 


Thus, 98 g of H 2 SO 4 require = 80 g of NaOH 

80 

0.07. . g of H 2 SO 4 will require = ^ ^ 0.0735 g of 

= 0-06 g of Na OH 

XetJhe-4 


HCl + NaOH-> NaCl + H,0 

36.5 g 40 g 

36.5 g HCl require = 40 g of NaOH 
40 

X g HCl will require =-jc g of NaOH __ 

36.5'*. 

= 1.0958xgof NaOH 
1.0958.X +0.06 = 0.08 

(0.08-0.06) 


1.0958 


0.01825 g 


Amount of HCl present'in one litre of the acid solution 

0.01825x1000 , 

=-= 1 .o2 j 

10 

Example 38. A small amount of CaCO^ completely 
neutralises 525 mL of 0.1 N HCl and no acid is left in the end. 
After converting all calcium chloride to CaSO^, how much 
plaster of Paris can be obtained? (Dhanhad I ‘>91) 

Solution: 

525 mL of 0.1 A HCl = 525 mL of 0.1 A CaCI 2 

= 525 mL of 0.1A plaster of Paris 


Molecular mass of plaster of Paris = CaS 04 HjO = 

145 

Equivalent mass of plaster of Paris =-=72.5 


145 


Mass of plaster of Paris in 525 mLof 0.1 A solution 

_ Ax£-xF _ 0.1x72.5x 525 
1000 ~ 1000 
= 3.806 g 

Example 39. 25 mL q/'0.107 M H^PO^ was titrated with 
0.115M solution ofNaOH to the end point identified by indicator 
bromocresol green. This required 23.1 mL. The titration was 
repeated usingphenolpbthalein as indicator. This time 25 mL of 
Q.XQl M H-,PO^ required 46.2 mL of the 0.1 \ 5M NaOH. What is 
the coefficient 'n 'in the following.reaction? 

H^PO^ +nOH ~ ->[A 3 _„F 04 ]"' +nH.O 
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Solution: Number of milliequivalents of H 3 PO 4 
= 25x0.107x«. 

= 2.675 x« 

In first titration: Number of milliequivalents of OH~ used 
= 23.1x0.115x1=2.66 

(Acidity of NaOH = 1) 
In second titration: Number of milliequivalents of OH“ used 

= 46.2x0.115x1 = 5.313 

.*. In first titration: 2.675 xn = 2.66 
Le., n = l 

In second titration: 2.675x n = 5.313 
.... a =_2 _ 


litre O 2 at NTP. The cooled gases are passed through 2 litre of 2.5 
N NaOH solution. Calculate concentration of remaining NaOH 
and NajCO^ in solution. (CO does not react with NaOH under 
these conditions.) 

Solution: Let x moles of carbon,be converted into, CO and y 
moles of carbon be converted into CO 2 . 


.C + i O2 
2 ^ 

.X itl 

C +0, 


^CO 


->co. 


Total volume of oxygen used = “ ^ 22.4 + y x 22.4 

= 19.63 
11.2x + 22.4y= 19.63 
11.2 


x+ y- 


12 


; i.e.,12x+12j=11.2 


... (ii) 


Solving eqs. (i) and (ii), we get 

X = 0.1 l,y = 0.82 

Number of moles of CO 2 formed = 0.82 
, Number of milliequivalents of NaOH solution through which 
CO 2 is massed = iV X F = 2.5 x 2000 = 5000. 

Number of milliequivalents of CO 2 passed = 0.82 x 2 x 1000 

= 1640 

■ 2NaOH + CO 2 -> Na 2 CO 3 + H 2 O 

Number of milliequivalents of Na 2 C 03 =1640 

1640 


N. 


NajCOs 


= 0.82 


2000 

Number of milliequivalents of remaining NaOH 

= 5000-1640=3360 


Normality of remaining NaOH • 


3360 _ 

2000’ 


1.68 


OF OBJICTlVi QUESTIONS 


9. 


n. 


13. 


How many grams of NaHCOj are required to neutralise 1 mL 
of 0,0902 A vinegar? 

(a) 8.4 X 10'^ g (b)1.5xl0'^g 

(c) 0.758 X 10'^ g (d)1.07x 10'^^ g 

[Ans. (c)] 

[Hint; Number of equivalents of NaHC 03 

= Number of equivalents of acid 
_ NV ■_ 0.0902 x I 
■ " 1000 “ 


Mass of NaHCO, 


1000 
0.0902 X 1 x 84 
1000 

U)J58-X-1.0lLg(l- 


0.7 g of NajCOj ■ XH 2 O.w as-dissolved^4m water and -the 

volume made up to 100 mL, 20 mL of it required 19.8 mL of 
N ' 

— HCl for complete neutralisation. The value of x is: 

10 

(a) 7 (b) 3 

(c) 2 (d) 5 _ 

[Ans. (c)] 

[Hint: Number of milliequivalents of •Na 2 CO, ■XH 2 O in20mL 

I 


N9.8X- 


10 


1.98 


Number of milliequivalents in 100 mL : 

— -X 1000 = 9.9 

Equivalent mass 

0.7 

X 1000 = 9.9 


1.98x5 = 9.9 


Mil 

M = 141.40 

(Molar mass ofNa 2 C 03 •XH 2 O) 
106+I8x = 141.40 
x = 2 ] 

Calculate the equivalent mass of NajCO, when it is titrated 
. against HCl in presence of phenolphthalein. 

(a) 106 (b)53 

(c)26.5 (d)212 

[Ans. (a)] 

[Hint: The reaction involved is, 

> NaCl + NaHCO, 

106 


NajCO, + HCl 


Equivalent mass of NajCO, = -y- = 106] 
12 , 1 mol H 2 SO 4 will exactly neutralise; 


(b) 1 mol of BaCOH), 
(d) 2 mol of KOH 


-+(NH4)2S04 


(a) 2 mol of ammonia 
(c).p.5mol ofBa(OH )2 
[Ans. (a, b, d)] 

[Hint: 2 NH 3 + H 2 SO 4 

Ba(OH)j + 1^2804 ■ 

2 ,KOH + H2SO4-> K2SO4 + 2 H, 0 ] 

Which of the following gives equivalent mass of Na2C03 
when titrated against HCl in the presence of metfif 1 orange? 
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(a) 5,3 
(c) 10.6 
[Ans. (b)] 

mint: Na,CO, + 2HC1 • 


(b) 53 
(d) 106 

Methyl orange 


2NaCl + H^O + CO, 


Equivalent mass = molecular mass/2 = 106/2 = 53] 


14.7 REDOX TITRATIONS 

Oxidimetry: The determination of the strength of a solution of 
a reducing agent by titration with a standard solution of an 
oxidising agent is called oxidimetry. 

Reductinietry: The determination of the strength of a 
solution of an oxidising agent by titration with standard solution 
of reducing agent is called reductimetry. 


(Species) 
Oxidising 
Agent (OA) 
Or 

Reducing 
Agent (RA) 

Mn 04 
(Acidic 
medium OA) 

Mn 04 
(Neutral 
medium OA) 

Mn 04 

(Basic 

medium OA) 
H 2 O 2 (OA) 


Reaction 

involved 


Mn 04 + 8H* + 5e" ^ 
+ 4H,0 


Mn04 + 2H2O + 3 e" - 
MnOj + 40H^ 


MnOi] + e" —> MnOj" 


H,0, + 2H"' + 2e^ -> 


Change in 
oxidation 
—number 
Or 

hilumber of 
electrons 
involved 


Equivalent 


M.W./5 


M.W./3 


M.W./2 


H 2 O 2 (RA) H,0, ^O, + 2H^ + 2e“ 


S20^(RA) 


• 840 ^ + 2 s 


CI 2 (OA) CI 2 + 2e‘ ^ 2Cr 

(Obtained fl-om 

bleaching 

powder) 

Cr207" (OA) Ci^Of + 14H'" + (>e --4 
2Cr^-" + 7H2O 

MnOi (OA) MnO, + 4H* + -> 


) (per 
molecule) 


M.W./2 


M.w.,/2 


M,w;/6 


M.W./2 


(RA) 


• Fe*-" + e" 


M.w./l 


Equivalent Mass of Substance Undergoing 

Disproportionation / 

\ i 

Let us consider, disproportionation of H 3 PO 2 . 

+1 +3 -3 

3H3PO2-> 2H3PO3+PH3 


-2e oxidation 


Reduction 


_ ^ «, 4x2 4 

K-factor = -3-^ =-= — 

- ;i| +«, 4 + 2 3 

- : , ^ /-TT Molecular mass 

Equivalent mass ot H 3 PO -1 =- 

n'factor 
_ m _ 3m 
~4/3” 4 

14.8 lODOMETRIC AND lODIMETRIC 
TITRATIONS 

(Titrating solution is Na, S 2 O 3 -51120called hypo.) 

(i) Estimation of 1 2 : 

I, + 2 Na 2 S 203 -> 2NaI + Na^SjO^ 

Eq.mass of Na 2 S 203 - 5 H 20 = M. w./l 

-- ift)~EsttinationofGtiSO:^: --- 

. . 

2011-"- +41 -^Cujlj+Ij 

Eq. mass of CL 1 SO 4 = M. w./l 

(iii) Estimation ofMnOi present in pyrolusjte: _ 

MnO, +4HC1->MnCl, +C1, +2H,0 

Cl, +2KI->2KC1+I, 

or' MnO,+4H'^,+ 2Cr — 4 Mn-^+ 2 H 2 O+CI 2 
Cl,+21-—+2Cr+l2 
Eq. mass of MnO, = M. w./2 

(iv) Estimation of available chlorine in bleaching powder 

CaOClj +H 2 O—^Ca(OH )2 +CI 2 

C1,+2KI->2KC!+l2 

Eq. mass of CaOCG = M. w./2 

(v) Estimation ofH 2 O 2 : 

HjO, + 21 - + 2 H-"-> 1 , + 2 H 2 O 

Eq. mass of HtO, = M. w./2 

(vi) Estimation of ozone: 

Oj+er+eH"^—>3I2+3 h,o 

Eq. mass of O 3 = M. w ./6 

(vii) Estimation ofO'nO^^: 

Cr, O^- + + 61--> 31, + 2Cr'^^ + TH, O 

Eq. mass of € 1 , 07 " = M. w ./6 
{vm) Estimation of CIO : 

CIO" + 2 r + 2 H"' —> H 2 O+cr + 1 , 

Eq. mass of CIQ- = M. W./2 
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(ix) Estimation of 10^: 

IO 3 +5r + 6 H^ 

Eq. mass of IO 3 = M. w./5 


-^31, +3H,0 


:: :;;simsome s cj^FPB ^MPLEsXfg;;^ ^: 

Example 41. ^.5 g of an oxalate was dissolved in water 
and the solution made to 100 mL. On titration 10 mL of this 
N 

solution required 15 ml of^ KMnO^. Calculate the percentage 

of oxalate in the sample. 

Solution: 

N 

15 mL — KMnOd = 10 x Normality of oxalate solution. 

20 


The eq. mass of FeS04 ■7H20 = ^ = 278 

5.4mLof0.1iYKMnO4 

- 5.4 mL of 0.1 •7H20solution 

0 1 y 27R 

Amount of FeS04 = -2-L x 5.4 = 0.15 g 

1000 

Amount of Fe2(S04)3 ■9H20 = (5.5 - 0.15) =5.35 g 
Mol. mass of Fe2(S04)3 -91120 = 562 

Mass 


No. of g moles of Fe 2 (S 04)3 ■ 9 H 20 = 


Mol. mass 
5.35 


T5- 


Normality ofjQxakte SQlutiQii=.^ X 


562- 


0.00952 


10 20 40 

Strength of oxalate solution = Normality x Eq. mass of oxalate 


40 


X 44 = 3.3 g/L 


Amount of oxalate in 100 mL solution = 


Eq. mass of C 2 O 4 
3.3 


;44 


1000 


X 100= 033 g 


% of oxalate = x 100 = 66.0 
0.5 

Example 42. How many mL of a 0.05 M KMnOn solution 
are required to oxidise 2.0 g of FeSO^ in a dilute solution 
{acidic)? 

Solution: 

lOFeSOa + 2KMn04 +8H2SO4->K2S04 + 2MnS04 

+5Fe2(S04)3+ 8 H 2 O 


^4 
10x151.8 


10 X 151.8 g of FeS ,04 require KMn 04 = 2 x 158 g 

2 g of FeS 04 will require KMn 04 = .. g 

10x151.8 

Suppose, V mL of KMn 04 solution (0.05 M) is required. 

. X-T.X, ^ ■ u- , • 158x0.05 

Amount of KMnOi in this solution =-x K 


Thus, 


1000 

158x0.05xF 2x158x2 


1000 


10x151.8 

:52.7mL 


Example43. 5.5 g of a mixture of FeSO^-lH20 and 
Fcj (SO 4 )3 • 9 // 2 O required 5.4 mL ofQ.l N KMnO^ solution for 
complete oxidation. Calculate the gram mole of hydrated ferric 
sulphate in the mixture. 

(At. mass H-=1,0 = 16,8 = ?>2, Fe= 56) 

Solution: Only FeS 04 ^HjOwill be oxidised by KMn 04 . 

Mol. mass of FeS 04 -71120 = 278 

As the conversion involves one electron, 

Fe^''-^Fe^'"+e“ 


-3 


= 9.52x10' 

Example 44. 0.5 g mixture of and KMnO,^ was 

treated with excess of KJ in acidic medium. Iodine liberated 
required 100 c/n^ of 0.15 N sodium thiosulphate solution for 
titration. Find the per cent-amount of each in -the mixture. 

(IIT iW5) 

Solution: Let ‘a ’ g of K 2 'Cr 207 be present in the mixture. 

Mass of KMn 04 =(0.5-u)g 

T- r ^ /-X Mol. mass 294 „ 

Eq. mass of KjCrjO, =--=-= 49.0 


Eq. mass of KMn 04 


Mol. mass 158 


:31.6 


No. of equivalents of K 2 Cr 207 
No. of equivalents of KMn 04 


49.0 

(0.5-g) 
31.6 


No. of equivalents of Na 2 S 203 in 100 cm^ of 0.15 Absolution 
100x0,15 


1000 

Equivalents of K 2 Cr 207 -f Equivalents of KMn 04 

= Equivalents of iodine 
= Equivalents ofNa 2 S 203 


49.0 31,6 

17.4a = 1.274 
g = 0.0732 
0.0732x100 


' of K 2 Cr 2 Q 7 = 


■ 0.5 


: 14.64 


VoofKMnOo =85,36 
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Example 45. Calculate the percentage of available 
chlorine in a given sample of bleaching powder from the 
following data: 

3.55 g of bleaching powder when treated with acetic acid and 
xcess of K1 liberated iodine which required 60 ml of 0.5 N 
odium thiosulphate solution. 

Solution; 60 mL 0.5 N Na 2 S 203 = 60 mL 0.5 N I 2 

= 60.mL 0.5 i¥ CI 2 

T 5 5 X 0 5 

Amount of chlorine = —^^ x 60 = 1.065 g 
1000 

1.065 

% available chlorine =- x 100 = 30.0 

3.55 

' Example 46. 0.26lg of a sample ofpyrolusite was heated 
with excess of HCl and the chlorine evolved was passed in a 

...^- p} - 

solution of Kl. The liberated iodine required 90mL — NajS20^. 

Calculate the percentage ofMnOj in the sample. 

Solution; Mn02 + 4HC1-> MnClj + IHjO + Clj 


Amount of NaBrO, in 85.5 mL 0.672 N solution 


.-iKi + eij- 

2 Na 2 S 203 +I 2 . 


>- 2 -Kei+r 2 . 

► Na2S40g + 2NaI 


90 mL — NajSjO, = 90 mL — K 
30 30 


= 90mL —CI 2 
30 


1 90 mL — MnO, 


Eq. mass of MnOj 


Mol. mass 87 


[Since, change in O.N. is from 4 to 2] 


07 QQ 

Amount of Mn02 =-x-= 0.1305 g 

2x30 1000 


%of MnO, 


0,1305 


X100 = 50 


Example 47. (/) What is the mass of sodium bromate and 
molarity of the solution necessary to prepare 85.4 ml ofO.bllN 
solution when the half reaction is, 

BrOj +6H* +6e -> + 3 H 2 O 

(ii) What would be the mass as well as molarity if the half cell 
reaction is, 

2BrO; +12H^ + lOe->5^2 + O/fjO 

Sohition; 

(i) Molecular mass of NaBr 03 = 23 + 80 + (3 x 16) = 15-1 

Each bromate ion takes-up 6 electrons; therefore, 


Eq. mass of NaBrOj 


Mol. mass 151 


0.672 151 

■-x — x 85.5= 1.446g 

1000 6 


Molarity 


Normality 0.672 


■■0.U2M 


(ii) Each bromate ion takes-up 5 electrons; therefore, 

T- /-s Mol. mass 151 

Eq. mass of NaBrO-, =-—— = — 

5 5 

Amount of NaBrO, in 85.5 mL 0.672 N solution 

151 0.672 

=-X X 50.5 

5 1000 

= 1.7352 g 

__ 


-Molarity^ 


:0.i-34-4M- 


Example 48. 50 niL of an aqueous solution of H 2 O 2 was 
treated with an excess of K1 solution and dilute The 

liberated iodine required 20 mL 0.1 N Na 2 S 202 solution for 
complete interaction. Calculate the concentration of H 2 O 2 in 

g/L - - 

Solution: HjOj + 2 KI + H2SO4-> K2SO4 + 2H2O + I2 

2 Na 2 S 203 +I 2 ->Na 2 S 406 + 2NaI 

Eq.massHjOj = —= 17 


20 mL 0.1 N Na 2 S 203 = 20 mL 0.1 A Ij solution 

= 20 mL 0.1 A H 2 O 2 solution 
Amount of H 2 O 2 in 50 mL aq. solution 


0.1x17 


X 20 = 0.034 g 


Concentration in g/L: 


X1000 = 0.68 


Example 49. 0.124 g of iron wire was dissolved in dilute 
A 25 O 4 in oxygen free atmosphere and the resultant solution was 
titrated against 0.09672 A solution of KMnO,^. The litre value 
was 22.90 mL. Calculate the percentage purity of iron wire. 
Solution: 

22.90 mL 0.09672 AKMn 04 = 22.90 mL 0.09672 A FeSO, 


Amount of FeS 04 in the solution = 


0.09672x152x22.90 


^ 0.3366 g 


Amount of iron in 0.3366 g of FeS 04 =-x 0.3366 

152 

= 0.124 g 

Thus, percentage = x 100 = 100 

0.124 . 

The iron wire is 100% pure. 

Example 50. A sample of hydrazine sulphate (A 2 Ag 504 ) 
was dissolved in 100 mL of water. 10 mL of this solution was 
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reacted with excess of FeCf solution and warmed to complete 
the reaction. Ferrous ion formed nm estimated and it required 20 

mL of — KMnO^. Estimate the amount of hydrazine sulphate in 
50 

one litre of solution. 

Reactions: AFe'^'^ + A? 2^4 -^ N 2 + AFe^* + AH ^ 

MnO^ + 5Fe-^ + m ^ > Mn'^ + 5Fe^* + AH 2 O 

M N 

Solution; 20 mL — KMn 04 = 20 mL — KMnO^ 

50 10 


Equivalent mass of KMn 04 = 


Molecular mass 
~ 5 


20 mL — KMn 04 = 20 mL — Ferrous ion 

__ 10 _..__..^__ _ 10 __ 

=^20^hL—F eCl, 

10 

^20mL—NzH.SO. 

10 2 6 4 


Eq. mass N 2 HgS 04 


_ Mol. mass _ 130 

- ~-4. 


= 32.5 


[Since, change in O.N. (N2H4 ^ N,) per molecule = 4 ] 

Amount of hydrazine sulphate in 10 mL of solution 
1 32 5 

= _Lx —X 20= 0.065 g 
10 1000 

Amount of hydrazine sulphate in one litre of solution 

= -^^x 1000= 6.50 g 
10 

Example 51. O.IM KMnO^ is used for the following 
titration. What volume of the solution in mb will be required to 
react with 0. 1 58g 0 / NajS? 

S.of + MnO^ + H 2 O -> MnO, (s) + SO|' + OH ^ 

foot balanced) {MLNRt^^r) 


Solution: SjOj'-1 2 SO 4 ' 

Change in oxidation number of sulphur per molecule of 
8 , 05 - = 2 x( 6 - 2)=8 

Change in oxidation number of Mn per molecule of MnO^ 
=7-4=3 

No. of moles in 0.158g of Na 2 S 203 = = 1 x 10“^ 

] 58 

No. of equivalents = 8 X10“^ 


Normality of 0.1 M KMn 04 solution = 0.1 x 3 = 0.3 
Let F mL of volume of KMn 04 be required; then 

— X 0.3= 8x10"^ 

1000 

or K = —xlO’^xlO^ 

0.3 

= 26.7mL 


Example 52. 25 mb of H 2 O 2 solution were added to 

excess of acidified solution of Kl. The iodine so liberated 
required 20 mb of 0.1 A Na2S202 for titration. Calculate the 
strength of H^Oj in terms of normality, percentage and volume. 

(MLN'K 

Solution: 20 mLof 0.1 A^Na 2 S 2 03 

= 20 mL-of 0.1AI 2 solution 

= 20 mL of 0.1 N H 2 O 2 solution 

= 25 mL of 0.08 N solution 

A* riT rA • mn i 0.08x17x100 

Mass ofH,0, in 100 mL solution =-= 0.136g 

1000 


% = 0.136 

68 g H 2 O 2 evolve oxygen at NTP= 22400 mL 
0.00136 g H 2 O 2 evolve oxygen at NTP 

"72400 

= 0.00136= 0.448 

68 

The solution is of 0.448 volume. 

Example 53. 0.804 g sample of iron ore was dissolved in 
acid. Iron was reduced to +2 state and it required 47.2 mb of 
0.1 12 iV.KM/i 04 solution for titration. Calculate the percentage of 
iron and Fe^O^ in the ore. 

Solution: The titration involves the conversion of ferrous 
into ferric. 

5Fe^"" +MnOi +8H'" ->5Fe^^ +Mn“'" + 4 H 2 O 

47.2 mL of 0.112iVKMnO4 = 47.2 mL of 0.112 A Fe^"" ions 


47,2x0.112x55.5 

1000 


0.2934 


Mass of iron = 0.2934 g 
0 2934 

% of iron in the ore =-x 100 =36.49 

0.804 

3Fe -> Fe 304 

(3x55.5) .(3x55.5 + 64) 

3 X 55.5g of iron form 230.5 g ofFe 304 . 

0.2934 g of iron will form = x 0.2934 = 0.406 g 

166.5 

% of Fe 304 in the ore = x 100 = 50.5 
^ 0.804 

Example 54. An equal volume of a reducing agent is 
treated separately with 1 M KMnO,^ in acid, neutral and alkaline 
media. The volume of KMnO^ required are 20 mb in acid, 33.4 
mb in neutral and 100 mb in alkaline media. Find out the 
oxidation .state of manganese in each reaction product. Give the 
balanced equations for all the three half reactions. Find out the 
volume of\M K 2 Cr 202 consumed, if the same volume of the 
reducing agent is treated in acid medium. 
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Solution: Let N^, N 2 and be the normalities of IM 
KMn 04 solution in acid, neutral and alkaline mediums, 
respectively. 

20mLA?, = 33.4 mL iVj = 100 mL iVj 
In acidic medium, the half reaction is: 

Mn 04 h-SH-"+ 5e“ =1^10 2-"+ 4 H 2 O 

i M KMn 04 =5 N KMn 04 
Thus, from above relation, 



N, 

20 20 

- xiY, - ^ X5N-3N 


33.4 33.4 

and 

yvj 

20 20 , , ,, 

=- X N, - — x5 N = 1N 


100 100 


The equations in the three media are:_ __ 

Acid 

—.... 

Neutral 

Mn04 +3e“- 

Alkaline 

Mn 04 +e- ->Mn^'' 

The balanced equations are: 

Acid 

Mn04 + 8H "“ + 5e“ -> Mn^”" + 4 H 2 O 

Neutral 

Mn 04 + 2 H 2 O + 3e^ -> Mn02 + dOH” 

Alkaline 

Mn 04 + -> MnO^ 

The balanced equation in the case of acidified K 2 Cr 207 
solution can.be written as: 

CrjO^- +14H^ +6e' —^SCr^-" + 7 H 2 O 

1 M K2Cr207 = 6 iV K2Cr207 

The volume required for the titration of the same volume of 
reducing agent with acidified K 2 Cr 207 solution as follows: 

20 mL5 KMn 04 =V6 N K 2 Cr 207 
20x5 

V =-= 16.66 mL 

6 

Example 55. 1.6 g of pyrolusite ore \ms treated with 

SOcm^ of\.ON oxalic acid and some sulphuric acid. The oxalic 
acid left undecomposed was rpised to 250 cm^- in a flask. 25 cm^ 
of this solution when titrated with 0.1 iY KMnO^ required 32 cm^ 
of the solution. Find the percentage ofpure MnOj in the sample 
and also the percentage of available oxygen. (ilT 1996) 

Solution: 25 cm^ of undecomposed oxalic acid required 

= 32 cm^ 0.1 iY KMn 04 solution 
Thus, 250 cm^ of undecomposed oxalic acid required 

= 320 cm^ 0.1 N KMn 04 solution. 

= 32 cm^ 1 N KMn 04 solution 
= 32 cm^ 1 N oxalic acid solution 


Oxalic acid used by pyrolusite 


= (50 - 32) cm^ 1 N solution 
= 18cm^ 1 N solution 


Mass of MnOj = 


= 18 cm 1 N MnOj solution 
NxExV 1x18x87 


1000 


1000x2 


^ 0.783 g 


Percentage of MnOj = 


0.783 

1.6 


X 100= 48.9 


Mn02 

87 g 


-4MnO,+ O 

16g 
16 


Oxygen given by 0.783 g MnOj = — x 0.783 = 0.144 g 

87 


-%-of-available oxygem 


0.144 


1.6 


xl00 = 9iL 


Example 56. A mixture of and NaHC 20 ^ 

weighing 2 . 02 g was dissolved in water and the solution made up 
to one litre. lOmi of this solution required 3.0mL of 0.1 N NaOH 
solution for complete neutralisation. In anolher experimentlQ.__ 
mL of same solution in hot dilute H 2 SO^ medium required 4 mL 
of 0.1 N KMnO^ for complete neutralisation. Calculate the 
amount ofH 2 C 20 ^ and NaHC 20 ^ in the mixture. (UT 1990) 

Solution: Let mass of H 2 C 2 O 4 present in the mixture be 
= a g in 1 litre 

and mass of NaHC 204 present in the mixture be = i g in 1 
litre 

For acid-base reaction 

H 2 C 2 O 4 + 2NaOH—^ Na 2 C 204 + 2 H 2 O 


Eq.mass of H 2 C 2 O 4 = 


NaHC 204 +NaOH 


Eq. mass of NaHC 2 04 


Mol. mass 90 


= 45 


2 2 

•Na2C204 +.H2O 
Mol. mass 


1 


= 112 


Now, 


Equivalents of H 2 C 2 O 4 + Equivalents of NaHC 204 


in 10 mL solution 
ax 10 


■ + - 


in 10 mL solution 
bxlO 3x0.1 


or 


45x1000 112x 1000 1000 

3x0.1x45x112 


112 a + 45b: 


10 


For redox reaction 

Eq. mass of H 2 C 2 O 4 = 

Eq. mass of NaHC 204 


90 ^ 
2 

112 

2 


= 151.2 

= 45; 

56 


3x0.1 

1000 


... (i) 


(Change in oxidation number of carbon per molecule = 2; 

cr 


■4 2C^^) 
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NoWj 

Equivalents of H 2 C 2 O 4 + Equivalents of NaHC 204 ^ 
in 10 rtiL solution in 10 mL solution 


4x0,1 

1000 


a X 10. 


bxlO 


4x0.1 


45x 1000 56x1000 1000 

or 56fl + 45f)= 100.8 . (ii) 

Solving equations (i) and (ii), 

a = 0.9g and 6 = 1.12 g ‘ . 

Example 57. A 3.0g sample containing Fe^O^. FejO^ and 
an inert impure substance is treated with excess of K1 solution in 
presence of dilute H 2 SO^. The entire iron is converted to Fe^* 
along with the liberation of iodine. The resulting solution is 
diluted to 100 mi. A 20 mL of the dilute solution requires ll.OmL 
'ofOiFM'NajSfOf^solMdWWTeMcelliFiddinepfesmUArSQ'mL 


Fe304 +2KI + H2SO4 


12.8 mi of 0.25 M KMnO 4 solution in dilute H 2 SOi medium for 
oxidation ofFe ^*. Calculate the percentage of and Fe-^O^ 

in the original sample. (HT 1996) 

Solution: Fe 304 is an equimolar mixture of Fe 203 and 
FeO. Thus, the sample contains FcjO^, FeO and impurities. The 
amount of iodine liberated depends on the amount of Fe 203 and 
the entire iron is converted into Fe^'*'. 

^3Fe0+H20+K2S04 +I 2 

Fe 203 tKI + H 2 S 04 ->2FeO+H 2 O+K 2 SO 4 +I 2 

5 x‘ll. 0 raLof 0 . 5 MNa 2 S 2 O 3 = 55.0 mL of 0.5 Af Na 2 S 203 soln. 

= 55.0 mL of 0.5 1 2 soln. 

= 55.0 mL of 0.5 N Fe 203 soln. 

= 27.5 X10“^ equivalent Fe 203 soln. 
= 13.75 X10'^ moles FejOj 

2x 12.8mL of0.25 MKMn 04 soln. 

S 25.6 mL of 1.25 N KMn 04 soln. 

= 25.6 mL of 1.25 N FeO soln. 

= 32.0 X. 10^^ equivalent FeO 
^ =32.0x10^^ moles FeO 

Moles of FeO in Fe 304 = 0.032 - 0.0275 = 0.0045 
Mass of Fe 3 O 4 = 0,0045 x 232 = 1.044 g 

Moles of Fe 203 existing separately 

= 0.01375-0.0045 = 0.00925 

Mass of FejOj = 0.00925 x 160 = 1;48 g 


% Fe 304 


% FejOj 


1.044 


1.48 


X100 = 34.8 


x 100 = 49.33 


Example 58. Hydroxylamine reduces iron {III) according 
to the equation, 

-> N20{g)'\ +H 2 O + 4Fe^^ + 4H ^ 


Iron (IT) thus produced is estimated by titration with a 
standard permanganate solution. The reaction is: 


MnO: + 5Fe^+ + m 


>Mn'^^ +5Fe^^ + 4 H 2 O 


A 10 mi sample of hydroxylamine solution was diluted to one 
litre. 50 mL of this diluted solution was boiled with excess of iron 
{III) solution. The resulting solution required 12 mi of 0.02 M 
KMnO^ solution for complete oxidation of iron {II). Calculate 
the mass of hydroxylamine in one litre of the original .solution. 

Solution: 

12 mLof 0 . 02 MKMnO 4 = 12 mL of 0.17YKMnO4 

2+ 


= ]2mLof O.lNFe 
sl2mL of 0.1A?Nft,OH 


-«--.MoL^mass-— 33 — 

Eq. mass of NH,OH =-= — = 16.5 

—T ...^ - 2 - 2r . 


Mass of NHjOHin 12 mL of 0.1 A?NH 20 Hsoln. 
NxExV 0.1x16.5x12 


: = 0.0198 g 


1000 1000 
50 mL of diluted solution contains NHjOH— 0.0198i 
1000 mL of diluted solution contains NHjOH 


0.0198 

50 


X 1000= 0.396 g 


10 mL of original solution contains NH 20 H= 0.396 g 
1000 mL of original solution contains NH 2 OH 

= 100x0.396= 39.6 g 

Example 59. 0.56 g of limestone was treated with oxalic 
acid to give CaC 20 ,^. The precipitate decolourised 45mi o/0.2Ar 
KMnO^ in acid solution. Calculate the % of CaO in limestone. 

Solution: 

45 mL of 0.2 N KMn 04 = 45 mL of 0.2 N CaC 204 
= 45mL of 0.2 7 YCaGO 3 . 

= 45 mL of 0 : 2 ^ CaO / 
NxExV 0.2x28x45 


Mass of CaO = 


1000 

1 of CaO in limestone: 


1000 
0.252 


: 0.252 g 


0.56 


X100 = 45 


Example 60. A solution ofO.lg of a compound containing 
Cu^* and C 20 l~ ions on titration with 0.02 M KMnO^ in 
presence of H 2 SOi^ consumes 22.6 mL oxidant. The resulting 
solution is neutralised by Na 2 C 02 , acidified with dilute acetic 
acid and titrated with excess of Kl. The liberated iodine required 
11.3 mi of 0.05 M Na 2 S 202 for complete reduction. Find out the 
mole ratio of Cu^* andin the compound. ■ (Ut 1991) 

ions are oxidised by 


Solution; 1st case: Only 0204 “ 


•KMn 04 solution. 


Normality of KMn 04 solution = 0.02 x 5 = 

22.6 mL of 0.1 N KMn 04 = 22.6 mL of 0..1 N C 20 f soln. 


0.1.¥ 
% 2 - 


mH20H + 4Fe 
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Mass of ions _ NxExV ^ NxMxV 


in the solution 


1000 


No. of moles of C 2 O 4 ions in the solution 


1000x2 
N xM xV 
" 1000x2xM 
NxV 


22.4x0.1 198 250 , 

—-X — X -= 1.1088 g 

25 4 1000 


Percentage of AS 2 O 3 


1.1088 

12 


X100 = 9.24 


2000 

0.1x22.6 


2000 


-4 


= 11.3x10 

2nd case: Only Cu^^ ions are reduced by K1 and iodine 
liberated is neutralised by Na 2 S 203 solution. 

M.3 mL of 0.05 M Na^SjOj = 11.3 mL of 0.05 N NajSjOj 


:11.3 mLof O.OS iVI, 


Example 62. Hydrogen peroxide solution (20 mL) reacts 
quantitatively with a solution of KMnO^ (20 mL) acidified with 
dilute H 2 S 0 ^. The same volume of the KMnO^ solution is Just 
decolourised by \0mL of MnSO^ in neutral medium 
simultaneously forming a dark brown precipitate of hydrated 
Mn 02 . The brown precipitate is dissolved in 10 mL of 0.2 M 
sodium oxalate under boiling co ndition in the presence of dilute 
H 2 SO 4 . Writq the balanced equations involved in the reactions 
and calculate the molarity of H 2 O 2 . (O f 2001 ) 

Solution: 

fi) Mn 02 +Na 2 C ,04 + 2H-,SO. ^ Mn SO. +Na,SO ._ 


ppt. 


Mass of Cu ions in the solution = 


= 11.3mLof 0.05 MCu 

NxExV NxMxV 


No. of moles of Cu ^-'^dons-inThe solution 


1000 1000 
NxMxV 


1000 xM 
NxV 


1000 

0.05X 11.3 
1000 

5.65 X 10"“ 


Molar ratio of 


Cu 


2 + 


C 2 O 4 


2 - 


5.65x10' 

11.3x10" 


Example 61. 12 ^ of an impure sample of arsenious oxide 

was dissolved in water containing l.Sg of sodium bicarbonate 
and the resulting solution was diluted to 250 mL^ 25 mL of this 
solution was completely oxidised by 22.4 mL of a solution of 
iodine. 25 mL of this iodine solution reacted with same volume of 
a solution containing 24.8 g of sodium thiosulphate solution 
(Na 2 S 2 O 2 \pH 2 O) in one litre. Calculate the percentage of 
arsenious oxide in the sample. (Atomic mass of As = 15) 

(in 1999) 

. 24 8 

Solution: l^ormality ofNa^S,©, soln. =—'— = Q.\N 

2 2 3 248 

■Applying .NfL^=N 2 V 2 

Volume of AS 2 O 3 soln. in NaHC 03 x Normality of this soln. 

= Volume of iodine soln. x Normality of iodine soln, 
25 X A, =.22.4x0.1 
22.4 X 0.1 


A, 


25 


Amt. of AS 2 O 3 present in 250 mL of the solution 


= A, X 


Equivalent mass of AS 2 O 3 

- 


x250 


Fmole 


i mole 




mM of MnO, 


■ raM of Na 2 C 204 


(ii) 2 KMn 04 +3MnS04 + 2 H 2 O- 

2 mole 


10x0.2 = 2 

^SMnOj +K2SO4 


ppt. 

5 mole 


+ 2 H 2 O 


mM of KMnO^ = mM of MnO, x - = 2 x • 


4 

5 ■ 


(iii) 2 KMn 04 + 3 H 2 SO 4 + 5 H 2 O 2 

2 mole . 5 mole 


- 4 K 2 SO 4 


+ 2MnS04 +8H2O + 5O2 


mM of H 2 O 2 = mM of KMn 04 x ■ 


2 5 


4 • 3 

X 2 = 2 


or 


MX 20= 2 

0 

Mr 


'H,02 


20 


^O.IM 


Example 63. The Mn^O^ formed on strong heating of a 
sample of MhSO^ '^^ 2 ^ dissolved in 100 ern^ 0 / 0.1 A 
FeSO^ containing dilute H 2 SO 4 . The resulting solution reacted 
completely with 50 cm^ of KMnO^ solution. 25 cm^ of this 
KMnO^ solution requires 50 cm^ of 0.1 A FeSO^ solution for 

complete reaction. Calculate the amount of MnSO^ ■ AH 2 O in the 
sample. {IIT2001) 


Solution: MnS 04 ■ 4 H 2 O - 


Heat 


IVIn 2 


Mn 3 d 4 is dissolved in ferrous sulphate solution and is 
reduced from to Mn^“. The excess of FeS 04 is 

estimated by doing titration with KMn 04 solution. The normality 
of KMn 04 solution is determined by another ferrous sulphate 
solution. 

For normality of KMn 04 solution: 

25xA = 30x0.1 

3 0x0,1 _ 3 
"25 25 


A = - 


Let the volume of unreacted FeS 04 solution be V mL 
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V mL of OAN FeS 04 - 50 mL of — iV KMnO. 

25 


or 


50x3 


: 60 mL 


‘ 0.1x25 

.-.Volume of FeS 04 used for Mn 3 O 4 = (100 - 60) mL 

= 40mL 

40 mL of 0.1 V FeS 04 = 40 mL of 0.1 N Mn 304 


Mass of MnS 04 4 H 20 
Equivalent mass of 


= 40 mL of 0.1V MnS 04 ■ 4 H 2 O 
£x 0.1x40 E 

g 


MnS04-4H2 0 = 


1000 

M 


250 
3M 3 X 223 


.- 2 , 


3 X 223 

.•.MassofMnS04-4H20 =-— = 1.338 g 

Example 64. 0.96 g of hydmgen iodide was heated to 
450°C till the equilibrium was reached. It was then quickly 
cooled and the amount of iodine liberated required 15.7 cc of ■ 
N HQ sodium thiosulphate. Calculate the percentage of hydrogen 
iodide dissociated at. ASQ°C. 

Solution: Reactions involved 


2HI; 


H 2 +12 


I 2 + 2 Na 2 S 203 2NaI + Na 2 S 406 
1 mole 12 = 2 mole hypo 
Mass 


No. of moles of hypo = 


Molecular mass (158) 
Ex.NxV 


1000x 158 

where, E, N and V are equivalent weight, normality and volume 
of hypo used. 

E = 158,iV = F10,F=15.7 

XT . , .XT O ^ 158x1/10x15.7 

No. of moles of Na,S,OT =-—— -- 

^ ^ 1000x158 

= 1.57x10“^ mole 

Moles of I 2 -produced by decomposition of HI 
= ^ mole of Na 2 S 203 

= -x 1.57x10'^ =0.785x 10”^ mole ... (i) 


Moles of HI 


HI 


At < = 0 C 

At equilibrium C(1 - a) 


Mass _ 

0.96 _ 

M.w. 

128 

-H 2 

1 

+ -1 

2 ^ 

2 

0 

0 

Ca. 

Ca 

T 

2 


7.5x10 


-3 


where, C = 7.5 x 10 a = degree of dissociation 

... ., Ca 7.5 X lO^^a 

Moles of I, = — =- 

2 2 - 

Equating eqs. (i) and (ii), we get 


... ( 11 ) 


7.5xl0“^a 


= 0.785 X i0‘ 


a = 0.209 

% dissociation of HI = Degree of dissociation x 100 
= 0.209x100 = 20.9% 

Example 65. 50 mL sample of ozonised oxygen at NTP 
was passed through a solution ofpotassium iodide. The liberated 
iodine required 15 mL of 0.08 N /VajS 2 O?, solution for complete 


titration. Calculate the volume of ozone at NTP in the given 
''sampler- 

Solution; Reactions involved may be given as; 

2KI + H2O+O3 


-^2KOH + l2 +O 2 T 


I 2 + 2 Na 2 S 203 —^2NaI + Na2S406 
ImoIeOj = 2 moleNa 2 S 203 


. rirr 


No. of moles of hypo = 


Mass 


Molecular mass (158) 
__ ExNxV 
" 1000x158 

where, ENa^SjOj = 158, V = 0.08, F = 15 
No. of moles of hypo = ^ = 1.2 x 10^^ 


1000x158 
No. of moles of O 3 = — mole of hypo 


[from eq. (i)] 


= -x 1 . 2 x 10 '^. 

■2 

= 6 x 10 "^ mole 

Volume of O, at NTP = No. of moles x 22400 
= 6x10“^ X 22400 
= 13.44 mL at NTP 

Example 66. -10 mL of a potassium dichromate solution 
liberates iodine from potassium iodide solution. When the iodine 
was titrated with hypo solution {N/ 20), the titre value was 15 mL. 
Find the concentration of dichromate solution in g per litre. 
Solution; The reactions involved may be given as 

Cr20^'' + 6r +14H'"->2Cr^^ + 3 I 2 + 7 H 2 O 

3[.l2 + 2 Na 2 S 203 ]->3[2NaI + Na2S4 06] 

I mole K 2 Cr 207 = 6 moles ofNa 2 S 203 ... (i) 
Mass , ExNxV. 


No. of moles of hypo = 


M.w,(158) 1000x 158 











924 


G.R.b. Physical Chemistry For Competitions 


158xl/20x 15 
1000x 158 

= 7.5 X10“"^ mole 

No. of moles of K 2 Cr 207 = - [No. of moles of Na 2 S 203 ], 

6 

= 1.25X 10^ mole 

Mass of K 2 Cr 207 in 10 mL solution = 1.25 x 10"'' x 294 

= 0.03675 g 

Weightof K 2 Cr 207 in 10 mL solution =3.675 g/L 

Example 67. 1.5 g of sample of impure potassium 

dichromate was dissolved in water and made up to 500 mL 
-solution.-IS mL ofthis-solutioni-reqtdredJodometdcallyJ.AjnLj}f-- 
-o-scuiiumthiosulphateM>lutLoiLJ£.niL of this sodium thiosul phate 
solution required 25 mL of N120 solution of pure potassium 
dichromate. Find the percentage purity of impure sample of 
potassium dichromate. 

Solution: Normality of sodium thiosulphate solution may 
be determined as: 

iV, F, (Na 2 S 2 O 3 ) = N 2 V 2 (pure K 2 Cr 207 ) 

TV, X 26=25 X — 

20 

iY, =0.048 (hypo) 


Example 68. 5 g of a sample of brass were dissolved in 1 
litre dil. 772^^4 • 20 mL of this solution were mixed with K1 and 
liberated iodine required 20 mL of 0.0327 N hypo solution for 
titration. Calculate the amount of copper in the alloy. 

Solution: When brass is extracted with concentrated 
H 2 SO 4 , it gives copper sulphate. 


2[Cu + 2 H 2 SO 4 -> CUSO 4 + SO 2 + 2 H 2 O] 

2 CUSO 4 + 4KI-5. 2 K 2 SO 4 + 2Cul2 

2Cul2 ->CU2l2+l2 

2 Na 2 S 203 +I 2 ->2NaI + Na2S406 

2 mole Cu s 1 mole 1 2 = 2 mole hypo 


20 mL of solution reacts with 20 mL of 0.0327 N hypo 
)\1000 mL oT^sWtion will re 1000 mIToT 03)327 

' . 7 "" . 


No. of moles of hypo used = 


Mass 


Molecular mass (158) 


E_xNxV 
1000 X 158 


where, £= 158, N = 0.0327 given, V = lOOOmL- 


No. of moles of hypo used ^ 


158x 0.0327 X 1000 
1000x 158 ■ 


The reaction involved may be given as: 

CrjO^” +61“ +4H‘^ ->2Cr^+ + 3 I 2 + 7 H 2 O 


= 0.0327 _ 

No. of moles of Cu = No. of moles of hypo 


■3[l2 + 2 Na 2 S 203 ->2NaI + Na2S406] 

1 mole K 2 Cr 207 = 6 mole Na 2 'S 203 ' ... (i) 

25 mL of solution of K 2 Cr 207 is treated by 24mL of 

Q.048 N hypo 

.-. 500 'mL of solution will be titrated by 480 mL of 

' ■ , 0.048 iV hypo. 

Mass Ex N xV 


No. of moles of hypo = 


M.w.(158) 1000x 158 

_ 158x0.048x480 
1000x 158 
= 0.02304 mole 

No. of moles of K 2 Cr 207 = — [No. of moles of hypo] 

6 

= - [0.02304] = 3.84 x 10”^ 
6 

Massof K 2 Cr 207 = 3.84 xlO':^ X 294 
= 1.12896 

% purity = X 100 = 75.26% 


= 0.0327 mole 

Mass of copper in brass = 0.0327 x 63.5 = 2.07645 

- . , 2.07645 

% of copper m brass = -—-— x 100 

= 41.529% 

Example 69.. An excess KI solution is mixed in a solution 
of K 2 Cr 202 and liberated iodine required .12 mL 0 /0.05 N 
Na 2 S 20 ^ for complete reaction. How many grams of K 2 Cr 20 -; 
were present in the solution ofK 2 Cr 202 ? The reaction occurs as: 


Cr-, 0 ^- + 61 


+ 14H^ -> 2 Cr^* + 31 2 + IH 2 O 

The reaction involved may be given as: 


Solution: 

Cv20f +6r +14H'^- ^2 Ct^^ +31 2 + 7 H 2 O 

3[l2 + 2 Na 2 S 203 -> 2NaI + Na2S406] 

1 mole K 2 Cr 207 =. 6 mole NajSjOj 
Mass Ex N xV 


No. of moles of hypo = 


M.w.(158) 1000x 158 


N 




158x 0.05x 72 
1000x58 


3.6x 10 


-3 
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No. of moles of K 2^207 = — [No. of moles of Na 2 S 2 03 ] 
“6 

= -[3.6x10^^1=6x10^'^ mole 
6 . 

Mass of K 2 Cr 207 in the given solution 

= No. of moles x Molecular weight 
= 6x10"'* X 294 = 0.1764 

OF OBIECtlVE-QUISTlONS 


14, How many moles of Mn 04 ions will react with 1 mole of 
ferrous oxalate in acid medium? 


(a) 1/5 (b) 2/5 (c) 3/5 (d) 5/3 

[Ans. .(c)l 

Min t:___ 1 _ 


2 


2K MnO. + 3H.SO, -> K^SO., + 2Mn SO.i + SH.O + 5101 

'coo- "i 

I Fe^- + 3H2SO4 + 3 [ 0 ] —> Fe 2 (S 04 >3 + 4CO2 + SHjO 

^COO“ J 


6 mole KMn 04 =10 mole FeC ,04 
3 

-.'.-f mole-FeCjOy will react with — mole of KMn 04 ] - 


15. The molecular mass of K 2 Cr 207 is 294 amu. It acts as 
oxidising agent in a redox titration. Its equivalent mass in 
acid medium will be: 


(a) 294 (b) 49 (c) 147 (d) 74 

[Ans. (b)] 

+12 ' +6 

Mint: K2Cr207+4H2S04-^ K:2S04 + Cr2(SO4)3 + 4 H 20 + 3 [ 0 ] 


16. 


17. 


Change in oxidation number = 6 

^ . , Molecular mass 

Equivalent mass =-^ 



In acid medium, both KMn 04 and K 2 Cr 207 act as oxidising 
agents. Which among the following is correct about the 
oxidising behaviour? 

(a) KMn 04 > K 2 Cr 207 (b) BfMn 04 < K 2 Cr 207 

(c) KMn 04 = K 2 Cr 207 (d) Cannot be predicted 

[Ans. (a)] 


[Hint: 

+7 +2 

2KMn04 + 3 H 2 SO 4 -4 K 2 SO 4 + 2MnS04 + SHjO + 5[0] 


Change in oxidation number = 10 

+12 -6 


, KjCrjO, + 4 H 2 SO 4 ^ K,S04 + Cr2(S04)3 + 4 H 2 O + 3[0] 


Change in oxidation number = 6 ] 

KMn 04 reacts with oxalic acid according to the equation, 

2Mn04 + 50,0^ + 16H+ -A 2Mn2+ + IOCO 2 + SHjO 
Here, 20 mL of 0.1 7 WKMn 04 ** equivalent to: 

(a) 120mLof0.25MH2C2O4 

(b) 150mLof0.1MH2C264 

(c) 50 mL of 0.1 Af H 2 C 2 O 4 


(d)50mLof0.2MH2C204 
[Ans. (c)] 

Mint: (KMn 04 ) = (H 2 C, 04 ) 

«, ■ «2 

0 . 1 x 20 _ M 2 V 2 * 

2 “ 5 

= 5 

It is possible in the option (c).] 

18. A solution of H 2 O 2 is titrated against a solution of KMn 04 . 
The reaction is: 

2 Mn 04 h-SH^O, + 6H^->2Mn^'" + 5 O 2 + 8 H 2 O 

If it requires 46.9 mL of 0.145 MKMn 04 to oxidise 20 g of 
HjOj, the mass percentage of H 2 O 2 in this solution is: 

.L4a)--2.9--;---..^^4b)-29- ^-(g> 2T-.--(d)4.9.... 

. -lAns^—Cafti—:-^----- 

xr c f 0.145x46.9 

Mint: Number of moles of KMn 04 =-= —- 

1000 1000 

= 6 . 8 x 10 -^ 

Number of moles of H 2 O 2 = 6.8 x lO”^ x 2.5 = 0.017 

Mass of H 2 O 2 = 0.017 x 34 = 0.578 - 

Mass % of H 2 O 2 =X 100 = 2.9] 

20 . 

19. In an oxidation-reduction, MnO^ ion is converted to Mn^”^, 
what is the number of equivalents of KMn 04 (mol. wt. = 158) 
present in 250 mL of 0.04 MKMn 04 solution ? 

(CPMT 2908) 

(a) 0.02 (b)0.05 (c)0.04 (d) 0.07 

[Ans. (b)] 

pint: In redox-reaction : 

8H+ + MiiOJ + 5e- -> Mn'-*- .-t 4H2O 

Change in oxidation state of Mn 04 = (+ 7) - (+ 2) = + 5 

i^KMn 04 ~^KMn 04 ^5 

= 0.04 X 5.= 0.20. 

XT u f ■ I . 0.2x 250 

Number of equivalents =.-=-^-= 0.051 

1000 , 1000 

29. The strength of 10 volume of H 2 C )2 solution is: 

. (A.MU Engg. 2009) 

(a) 10 (b )68 (c) 60.70 (d) 30.36 

[Ans. (d)] 

[Kiat: 10 volume HjO, means, 1 litreof HjO, will give 10 litre 
oxygen at STP. 

2 H 2 O 2 -> 2 H 2 O + O 2 

68 g ” 22,4 Lai STP 

22.4 L O 2 is obtained at STP from 68 g H 2 O 2 

6R 

10 L 0, is obtained at STP from-^ x 10 g H,0, 

22.4 ■ 2 - 

= 30.36 g 

Thus, strength of H 2 O 2 = 30.36 g/L.] 
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Questions 




1 . Calculate the equivalent mass of underlined species: 

(i) Na^SOj + Na 2 Cr 04 ^ Na 2 S 04 + Cr(OH )3 

(ii) Fe 304 + KMn 04 ^ Fe 203 + MnOj 

(iii) 2 Na 2 S 203 +12 ^ ^^ 2 ^ 4 ^6 2NaI 

(iv) As^Sj + lONOi + 4ir -> IONO 2 + 2AsO^ + 3S 

+ 2H2O 

(V) H3PO3 H3PO4 + PH3 

(vi) 5 SO 2 + 2 KMn 04 + 2 H 20 ^ K 2 SO 4 + 2 MnS 04 

+ 2 H 2 SO 4 

2. 12 mL of 0.25 N sulphuric acid is neutralised with 15 mL of 
sodium hydroxide solution on titration. Calculate the' 
normality of sodium hydroxide solution. 

3. WES'^nrte Ihe^voTume^ ofTWlfriolutfon^iDf oMfc a^^^^ 

oHainedTry dissolving 63“gT5fDXalicTcid? 7 

4. If 1.26 g of oxalic acid is dissol ved in 250 mL of solution, find 
its normality. The equivalent mass of oxalic acid is 63. 

5. (a) 50 mL of 0.2 A KMn 04 is required for complete oxidation 

of 0.45 g of ■ anhydrous oxalic acid. Calculate the 
• normality of oxalic acid solution. 

(b) In the titration of Fe^'^ ions with KMn 04 in acid 
medium, why is dilute H 2 SO 4 used and not dilute HCl? 

ICB.Si; (Mains) 2005 | 

[Hint: The reaction involved in the titration is: 

10FeSO4 + 2KMn04 + 3H2SO4-> 5 Fe 2 (S 04)3 + K2SO4 

+ 2MnS04 + 3H2.O 

If HCl is taken in place of H 2 SO 4 , then HCl will be oxidised to 
CI 2 .] 

6 . 30 mL of sodium carbonate solution is mixed with 20 mL of 
0.8 N sulphuric acid. The resultant solution needed 20 mL of 
0.7 N hydrochloric acid solution for complete neutralisation. 
Determine the strength of the sodium carbonate in gram per 
litre. (Take sodium carbonate to be anhydrous.) 

7. 0.25 g of an oxalate salt was dissolved in 100 mL of water. 10 
mL of this solution required 8 mL of A/20 KMn 04 for its 
oxidation. Calculate the percentage of oxalate in the salt. 

8 . 1.13 g of an ammonium sulphate were treated with 50 mL of 
nonnal NaOH solution and boiled till no more ammonia, was 
given off. The excess of the alkali solution left over was 
titrated with normal H 2 SO 4 . The volume required was 30 mL. 
Find out the percentage of NHj in the salt. 

9. The normality of the mixture of HCl and H 2 SO 4 solution is 
A/5. 0.287 g of AgCl is obtained Ivhen 20 mL of this solution 
is treated with excess of AgN 03 . Calculate the percentage of 
both the acids in the mixture. 

10. 1.17 g of an impure sample of oxalic acid was dissolved and 
made up to 200 mL with water. 10 mL of this solution in acid 
medium required 8.5 ‘mL of a solution of potassium 
permanganate containing 3.16 g per litre of oxidation. 
Calculate the percentage purity of oxalic acid. 

11 . What amount of silver chloride wiU be obtained when 20 mL 
A/20 HCl is made to react with excess of AgNOj? 

12. 1.0 g carbonate of a metal was dissolved in 50 mL A/2 HCl 
solution. The resulting liquid required 25 mL of A/5 NaOH 


solution to neutralise it completely. Calculate the equivalent 
mass of the metal carbonate. 

13. 0.35 g of a metal was dissolved in 50 mL A-acid. The whole 
solution then required 20.85 mL of normal alkaline solution to 
neutralise the excess of the acid. Calculate the equivalent mass 
of the metal. 

14. 2.650 g of anhydrous sodium carbonate are dissolved in water 
and the solution made up to 500 mL. On titration 50 mL of this 
solution neutralises 50 mL of a solution of sulphuric acid. 
How much water should be added to 450 mL of this acid as to 
make it exactly A/12 ? 

15. Two acids A and B are titrated separately each time with 25 mL 
of A Na 2 C 03 solution and require 10 mL and 40 mL 

-respeGtively-for.complete-neutralisation,JKhaLvolume-of-iLancL 

..gjwouldj'Qiuaix to produce one litre of normal acid solutio n?_ 

16. 1.64 g of a mixture of calcium carbonate and magnesium 
carbonate were dissolved in 50 mL of 0.8 A hydrochloric acid. 
The excess of the acid required 16 mL A/4 sodium hydroxide 
solution for neutralisation. Find out the percentage 
composition of the mixture of two carbonates. 

17. 30 mL iof“A/l0 HCl are- required^ to -neutralise 50 mL of-a 
sodium carbonate solution. How many mL of water must be 
added to 30 mL of this solution so that the solution obtained 
may have a concentration equal to A/50? 

18. 2.65 g of diacidic base was dissolved in water and made up to 
500 mL. 20 mL of this solution completely neutralised 12 mL 
of A /6 HCl. Find out the equivalent mass and molecular mass 
of the base. 

19. In a sample of sodium carbonate, some sodium sulphate is 
mixed, 2.50 g of this sample is dissolved and the volume made 
up to 500 mL. 25 mL of this solution neutralises 20 mL of 
A/10 sulphuric acid. Calculate the percentage of sodium 
carbonate in the sample. 

20. Some amount of NH 4 CI was boiled with 50 mL of 0,75 A 
NaOH solution till the reaction was complete. After the 
completion of the reaction, 10 mL of 0.75 A H 2 SO 4 were 
required for the neutralisation of the remaining -NaOH. 
Calculate the amount of NH 4 CI taken. 

21. 25 mL of a mixed solution of sodium carbonate and sodium 
bicarbonate required 10 mL of N/20 HCl when titrated in the 
presence of phenolphthalein but 25 mL of the same when 
titrated separately in presence of methyl orange required 
25 mL of A/10 HCl. Calculate the amount of anhydrous 
sodium carbonate and bicarbonate in grams per litre of the 
solution. 

22. 4 g of a mixture of NaCl and Na 2 C 03 were dissolved in water 
and volume made up to 250 mL. 15 mL of this solution 
required 50 mL of AdO HCl for complete neutralisation. 
Calculate the percentage composition of the original mixture. 

. 23. 40 mL of a mixture of NajCOj and NaOH when titrated 
against AdO HCl, the end point with phenolphthalein was 
reached at 25 mL of HCl and at this stage methyl orange was 
added, the quantity of acid further required for second end 
point was 5 mL. Calculate the amount of Na 2 C 03 and NaOH 
in g/L of the solution. 
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24. Find out the percentage of oxalate in a given sample of an 
oxalate salt of which when 0.3 g were dissolved in 100 mL of 
water required 90 mL of NHQ KMn04 solution for complete 
oxidation. 

25. A l.Og sample of H2O2 solution containing ‘x’ per cent by 
weight requires x mL of a KMn04 solution for complete 
oxidation under acidic conditions. Calculate the normality of 
the KMn04 solution. 

26. 25 g of a sample of ferrous sulphate was dissolved in water 
containing dilute H2SO4 and the volume made up to one litre. 

25 mL of this solution required 20 mL of /V/10 KMn04 
solution for complete oxidation. Calculate the percentage of 
FeS04 -71120 in the sample. 

27. A sample of KCl is contaminated with NaCl. 4,176 g of the 
sample is dissolved in distilled water and the solution is made 
to 500 mL. 25 mL of the above solution required 27.50 mL of 

...a solution-of-sil-ver-nitrate (normality- fa6top-O;44^-) ‘t 0 -feaeL 
„..^_ciMnpleteljL.witlLiLJ2alculale-theLq3erceiitage^cantaminatioBmf—- 
the sample. 

28. The saponification number of fat or oil is defined as the 
number of mg of KOH required to saponify 1 g oil or fat. A 
sample of peanut oil weighing 1.5763 g is added to 25 mL of 
0.421 M KOH. After saponification is complete, 8.46 mL of 
0,2732 M H2SO4 is needed to neutralise excess of KOH. 
What is the saponification number of peanut oil? 

29. 500 mL of 2 M HCl, 100 mL of 2 M H2SO4 and one gram 
equivalent of monoacidic alkali are mixed together. 30 mL of 
this solution required 20 mL of Na2C03 -xH20 solution 
obtained by dissolving 143 g Na2C03-xH20 in one litre 
solution. Calculate the water of crystallisation of 
Na2C03-xH20. 

30. 1 g of the complex [Cr(H20)5 Cl]Cl2 • H2O was passed through 
a cation exchanger to produce HCL The acid liberated was 
diluted to 1 litre. What is the normality of this acid solution? 

31. 5.0 g of bleaching powder was suspended in water and volume 

made up to half a litre, 20 mL of this suspension when 
acidified with acetic acid and treated with excess of KI 
solution liberated iodine which required 20 mL of a 
decinormal hypo solution for titration. Calculate percentage of 
available chlorine in bleaching powder. (HI' 1991)) 

32. To a solution of excess of KI in dilute H2SO4, 25 mL of an 
unknown solution of KMn04 were added. The liberated iodine 
was exactly reduced by 42.5 mL of NliO Na2S203 solution. 
Calculate the concentration of KMn04 solution. 

33. In 20 mL of a solution of HCl, 3 g of CaC03 were dissolved, 

0.5 g of CaCOj being left undissolved. Find out the strength of 
this solution in terms of (i) normality and (ii) g/L. Find the 
volume of this acid which would be required to make 1 litre of 
normal solution of this acid. 

34. 1-0 litre of a solution contains 5.3 g of Na2C03 and 8 g of 
NaOH. 20 mL of this solution are taken and titrated against 
iV/10 HCl using separately (a) methyl orange as an indicator 
and (b) phenolphthalein as an indicator. What will be the titre 
values in these two cases? 

35. To 20 mL of a copper solution after necessary treatment were 
added excess of KI and the liberated iodine required 11,2 mL 
decinormal solution of hypo. Express the strength of the 
original solution in grams of copper per litre of the solution. 


36. 0,28 g of a commercial sample of K2Cr207 was dissolved in 
water. Excess of KI was added to it along with dilute H2SO4, 
Iodine liberated was then titrated against sodium thiosulphate 
solution containing 24.82 g of Na2S203 •5H2O per. litre. The 
thiosulphate solution required was 50 mL. Find the percentage 
purity of the sample of K2Cr207. 

37. A mixture containing KCl and NaCl was dissolved and total 
halide was determined by titration with silver nitrate. A 
sample weighing 0.3250 g required 51 mL of 0.1 A solution. 
Calculate the percentage of each salt in the sample. 

38. 1.355 g of pyrolusite sample are added to 50 mL of 1 N oxalic 
acid solution containing sulphuric acid. After the reaction is 
completed, the contents are transferred to a measuring flask 
and the volume made up to 200 mL. 20 mL of this solution is 
titrated against KMn04 solution whose strength is 2 g/L and 
31.6mL of KMn04 solution are required. Calculate the 

--pereentage-puritj^in the^ given-sample of pyrolusite:'- - 


of KI added. On acidifying with dilute H2SO4 iodine was 
liberated which required 50 mL. of MIO hyposolution. 
Calculate the percentage of available chlorine in bleaching- 
powder. 

40. Calculate the number of oxalic acid molecules in 400 mL of 
0.02 A oxalic acid solution. (liTTWlY 

[Hint: Molarity = = 0.01 M 

. No. of molecules in one molar solution = 6.02 x 10^^ 


No. of molecules in 100 mL of 0.01 M oxalic acid solution 
0.01 X 6.02 xlO^V..^ 


1000 


X 100 = 6.02x10"“] 


41. 1.26 g of a dibasic acid were dissolved in water and made up 
to 200 mL. 20 mL of this solution were completely neutralised 
by 10 mL of A/5 caustic soda solution. Calculate the 
equivalent mass and molecular mass of the acid. 

42. 3.0 g of a sample of impure ammonium chloride were boiled 
with excess of caustic soda solution. Ammonia gas so evolved 
was passed into 120 mL of A/2 H2SO4. 28 mL of A/2 NaOH 
were required to neutralise residual acid. Calculate the percen¬ 
tage of purity of the given sample of ammonium chloride. 
[Hint: (120-28)mLA/2H2SO4 H92mL A/2NH4CI] 


43. ' 2.20 g of an ammonium salt were boiled with 75 mL of A NaOH 
till the emission of ammonia gas ceased. The excess of unused 
NaOH solution required 70mL of A/2 sulphuric acid for 
neutralisation. Calculate the percentage of ammonia in the salt. 

44. 3-45 g of a metallic carbonate were mixed with 240 mL of A/4 

ICI, The excess acid was neutralised by 50 mL of A/5 KOH 

dilution. Calculate the equivalent mass of the metal. 

Hint: Equivalent mass of metal carbonate 

3.45 x4x1000 
=-= 69 

200 

i.quivalent mass of metal = 69 - Eq. mass of carbonate 
= (69 - 30) = 39] 

45. !a) 2 g of a metal carbonate were dissolved in 50 mL of A 

HCl. 100 mL of 0.1 A NaOH were required to neutralise 
the resultant solution. Calculate the equivalent mass of 
the metal carbonate. 

(b) How much water should be added to 75 mL of 3 A HCl to 
make it a normal solution? 
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46. Upon mixing 45.0 mL of 0.25'M lead nitrate • solution with 

25 niL of 0.1 M chromic sulphate solution, precipitation of 
lead sulphate takes place. How many moles of lead sulphate 
are formed? Also calculate the molar concentrations of the 
species left behind in the final solution. Assume that lead 
sulphate is completely insoluble. {IIT 1993) 

pint; The reaction is: 

SPbfNOjlj + Cr 2 (S 04)3 ->3PbS04 + SCrfNOjlj 

3 mole . 1 mole 3 mole 2 mole 

No. of moles of PbCNOj)^ = 45 x 10'^ x 0.25 
= 11.25 X 10'^ mole 

No. of moles ofCr 2 (S 04)3 = 25 x 10'"^ x 0.1 = 2.5 x 10”^ mole 

Thus, Cr 2 (S 04)3 has limiting concentration. It shall be consumed 
fully and the number of moles of lead sulphate produced will be 
= 3 X 2.5 X 10“^= 7.5 X 10"^ mole 

- .No,Mra 0 les-o£ka(imtiate left. = 11.25 x 1 0~^ - 7.5 xJ07^.. 

— ----_7^ 

Total volume = (45.0 + 25.0) = 70 mL or 70 x 10“^ litre 
. 3.75X10“’ 

Molarity =- 5 - = 0.0536 M 

70x10“’ 

No. of moles of CrCNOjIj formed =2x2.5 x 10 “’= 5 x 10 “Vole 

5 X10“’ 

Molarity = — ., = 0.0714 M 

70x10“’ 

PbfNOjlj and Cr(N 03)3 will be present in solution in ionic.form. 
Thus, [Pb’'"]= 0.0536 M 

[&’■"] = 0.0714 M 
[NOi] = (2'x 0.0536) + (3 x 0.0714) 

= 0.3214 M] 

47. A sample of hydrazine sulphate (N 2 H 5 SO 4 ) were dissolved in 
250 mL of water. 10 mL of this solution was reacted with 
excess of ferric chloride, solution and warmed to complete the 
reaction. Ferrous ions formed were estimated and it required 
10 mL of 0.04 M potassium permanganate solution. Estimate 
the amount of hydrazine sulphate dissolved in 250 mL of the 
solution. Reactions: 

4Fe’^ + N 2 H 4 -> Nj + 4Fe’'" + 4H ^ 

MnO; + 5Fe^'" + SH-"-> Mn^-" + 5Fc^^ + 40,0, 

(MLNR 1993) 

pint: See example 50] 

48. In an ore the only oxidisable material is Sn’'^. This ore is 
titrated with a dichromate solution containing 2.5 g K 2 Cr 207 
in 0.50 litre. A 0.40 g of sample of the ore required 10.0 cm’ 
of the titrant to reach equivalent point. Calculate the 
percentage of tin in ore. (K = 39.1, Cr = 52 , Sn =118.7) 

(IIT 1993) 

Pint: Mol. mass of KjCrjO, = 2x 39.1 + 2x52+7x16 

= 78.2+ 104.0+112.0 


= 294.2 
294 2 

Eq. mass of KjCrjO^ = = 49.03 

IVT I- l *• ^.5 1000 5 

Normality of K 7 Cr ,07 solution =-x-=- N 

- " ’ 49.03 500 49.03 


10 mL —^ N K,Cr 707 ^ 10 mL- N stannous ion 

49.03 - - 49.03 

Eq. mass of Sn’'" = = 59.35 

2 , 

5 59 35 

Amount of Sn in the sample =-x —^— x 10 

49.03 1000 


= 0.0605 g 

Percentage of Sn in the ore =-x 100 = 511 

0.40 

49. 2.26 g of impure ammonium chloride were boiled with 100 
mL of N NaOH solution till no more ammonia was given off. 
The excess of NaOH solution left over required 30 mL 2 N 
. H 2 SO 4 for neutralisation. Calculate the percentage purity of 
the salt. 

(H = 1; N = 14; 0 = 16; Na = 23; S = 32; Cl = 35.5) 

SJi,. Metallic tin in the presence of HCl is oxidised by 
_ soluti on, to stannic chloride. 'What volume of decinormal 
dichromate solution would be reduced by 1 g of Sn? 

(MLNR 1994) 

pint; 

3Sn + 2 K 2 Cr 207 + 28HC1->3SnCl4 + 4 KCI+ 4 C 1 CI 3 

3xll8.7g 2 x 294’g 

..,..... .. .+ |4H20_ 


2 X 294 

K 2 Cr 207 required for 1 g of Sn = -= 1.65 g] 

3 X118.7 

51, A 0.5 g sample containing Mn 02 is treated with HCl liberating 
CI 2 . The CI 2 is passed into a solution of KI and 30.0 cm’ of 0.1 
M Na 2 S 203 are required to titrate the liberated iodine. 
Calculate the percentage of MnO, in the sample. (IIT 1994) 
Pint: 30.0mL0.1 A/NajSjOjsSO.OmLO.l A NajSjOj 


Amount of Mn 02 present 


s30.0mL0.1 A Clj 
sTO.OmLO.l A MnOj 
N xExV 


1000 


= _L ^ JL 
10 ^ 2 ^ 1000 


.% MnO, = 


87x30x100 
10 x 2x1000 x 0,5 


= 26.1] 


52. 3,2 g of a mixture of calcium carbonate and sodium chloride 
was dissolved in 100 mL of 1.02 A HCl. After the reaction the 
solution was filtered and after separating the precipitate the 
volume was raised to 200 mL. 20 mL of this solution required 
25 mL A/5 caustic soda solution for neutralisation. Find out 
the percentage of calcium carbonate in the mixture. 

53. 4 g of a mixture of Na 2 S 04 and anhydrous Na 2 C 03 were 
dissolved in pure water and volume made up to 250 mL. 20 
niL of this solution required 25 mL of A/5 H 2 SO 4 for complete 
neutralisation. Calculate the percentage composition of the 
mixture. 

54. A 1.2g mixture of Na 2 C 03 and K 2 CO 3 w'as dissolved in 
water to form 100 cm’ of a solution. 20 cm’ of this solution 
required 40 cm’ of 0.1 A HCl for neutralisation. Calculate the 
mass of NajCOj and K 2 CO 3 in the mixture. (HT 1997) 

55. One litre of a mixture of O 2 and O 3 at NTP was allowed to 
react with an excess of acidified solution of KI. The iodine 
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liberated required 40 mL of M/10 sodium thiosulphate 
solution for titration. What is the weight per cent of ozone in 
the mixture? Ultraviolet radiation of wavelength 300 nm can 
decompose ozone. Assuming that one photon can decompose 
one ozone molecule, how many photons would have been 
required for the complete decomposition of ozone in the 
original mixture? L . 

[Hint: Let the total moles of O 2 and O 3 in the mixture be n. 
Applying PV = nRT 

lx l = «x 0.0821x 273 

n = 0.044 mole 

Moles of O 3 = moles of I 2 =1/2 moles of Na 2 S 203 

1 1 40 

= — X — X -= 0.002 moles 

2 10 1000 

Moles of O 2 in the mixture = 0.044 - 0.002 = 0.042 moles 
Mass of O 2 = 0.042 x 32 = 1.344 g , 

Mass of O 3 = 0.002 x 48 = 0.0 96 g _ 

0 096 

% = 100 = 6.67 

^ 1.44 

No. of photons required to decompose 0.002 moles of ozone 
= 0.002x 6.02x 10^^ = 1.204 x 10^'] 

56. 20 mL of a solution containing 0.2 g of impure sample of 
H 2 O 2 reacts with 0.316 g of KMn 04 (acidic). Calculate; 

(a) Purity of H 2 O 2 

(b) Volume of dry O 2 evolved at 27° C and 750 mm pressure. 

57. Five gram of copper alloy was dissolved in one litre of dilute 

H 2 SO 4 . 20 mL of this solution was titrated iodoraetrically and 
it required 20 mL of a hypo solution. 20 mL of which 

contained 2.4 g per litre, in presence of H 2 SO 4 and excess of 
KI, required 30 mL of the same hypo solution. Calculate the % 
purity of copper in the alloy. 

58. How many millilitres of 0.5 M H 2 SO 4 are needed to dissolve 

0.5 g of copper (II) carbonate? ; < . - 

[Hint; i 7 |F|=A 2 F 2 

N , = Normality of H2SO4 = 0.5 x 2 = 1 A 
■ F, = Vol. of H 2 SO 4 

7^2 = Normality of copper (II) carbonate = ^ 

Fj = Volume of copper (II) carbonate = 1000 mL 

Thus, 1.0 X F, = Mill X 1000 

‘ 123.5 

or F, = 8.09 mL] 

59. An aqueous solution containing 0.10 g KIO 3 (formula weight 
. = 214.0) was treated with an excess of KI solution. The 

solution was acidified with HCl. The liberated iodine 
consumed 45.0 mL of thiosulphate solution to decolourise the 
blue starch-iodine complex. Calculate the molarity of the 
sodium thiosulphate solution. 

[Hint : 2KIO3 -t lOKl + 12 HC] -—> 12 KC 1 -t- 6I2 + 6H2O 
[2Na2S203 + I2-> 2 Nal Na2S40(,] x 6 

2KIO3 + lOKI -I- 12Na2S203 -r 12 HC 1 -> 12 KC 1 + 12 NaI 

^+ 6Na2S406 + 6H2O 

No. of moles of KIO 3 = —- 
^ 214 


No. of moles ofNa^S,©, required for moles of KIO, 

. 2 3 H 214 

_12 0.10 _ 0.60 

^2 214 ^ 214 

Molarity of NajSjO, = -^ x 1552 = o.0623 M] 

214 45 

60. Gastric juice contains 3 g of HCl per litre. If a person produces 

2.5 litre of gastric juice per day, how many antacid tablets 
each containing 400 mL of AljOH), are needed to neutralise 
all the HCl produced in one day? : : 

61. Zinc can be determined volumetrically by the precipitation 
reactions. 

3Zn^^ + 2K4[Fe(CN)6] KjZnjjFejCNjg] h- OK-" 

A sample of Zn ore weighing 1.5432 g was prepared for 
reaction and required 34.68 mLofO.1043 M K 4 [Fe(CN)g]for 

..titratiotrr-What is-percentage ofzinc in the-ore?-.- - - 

—62.—Ar-mixture -oLKQH- and Na 2 C Q 3 solution- required-45HmjL-0f 
N/20 HCl using phenolphthalein as indicator. The same 
amount of alkali mixture when titrated using methyl orange as 
indicator required 25 mL of same acid. Calculate amount of 
KOH and Na 2 C 03 present in solution. 

63. 1000 mL Oj at NTP was passed through Sienien’s ozonizer so 
that the volume is reduced to 888 ML at'^'ame" Condirtemr 
Ozonized oxygen is passed through KI solution. Liberated I 2 
was titrated with 0.05 N hypo. Calculate volume of hypo used. 

64. 30 mL of K 2 Cr 207 liberated iodine from KI solution when the 
iodine was titrated with-hypo solution (A/20), the titre value 
was 45 mL. Find the concentration of K 2 Cr 207 in g per litre. 

65. Excess of KI and dil. H 2 SO 4 were mixed in 50 mL H 2 O 2 . The 
liberated L required 20 mL of 0.1 A Na 2 S 203 . Find out the 
strength of H 2 O 2 in g per litre. 

66. 25 mL H 2 O 2 were added to excess of acidified solution of KI. 

The iodine so liberated required 20 mL of 0.1 A sodium 
thiosulphate for titration. Calculate the strength in terms of 
normality, percentage and volume. , . 

67. CI 2 gas can be produced in the lab by the reaction, 

KjCtjO, -t- 14HCI-> 2KC1 - 1 - 2CrCl3 -t 7 H 2 O + SCI, 

If a 6.13 g sample that is 96% K 2 Cr 207 is allowed to react 
with 320 mL of HCl solution having density 1.15 g/mL and 
containing 30% by mass of HCl, what mass of CI 2 is 
generated? 

68. What is the weight -in gram cf available O, per litre from a 
solution of H 2 O 2 , 10 mL of which when titrated with A/20 
KMn 04 solution required 25 mL for the reaction? 

2KMn04 -H SHjO, + 4H2SO4-> 

5O2 -I- 8 H 2 O -h 2 KHSO 4 2MnS04 

69. A quantity of KMn 04 was boiled with HCl and the gas 
evolved was led into a solution of KI. When the reaction was 
complete, the L liberated was titrated with a solution of hypo 
containing 124 g of Na 2 S 203 • 5 H 20 per litre. It was found that 
exactly 60 mL were required to decolourise the solution of 12 - 
What weight of KMn 04 was used? 

70. 0.5 g of a sample of bleaching powder was suspended in vVater 
and excess KI is added. On acidifying with dil. H 2 S 04 ,l 2 was 
liberated which required 50 mL of A/10 hypo 
(Na 2 S 203 -SHjO). Calculate the percentage of available CI 2 in 
bleaching powder. 
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71 . 1.2 g of a sample of CaOClj were suspended in water made up 
to 100 mL. 25 mL of this solution was treated with KI and the 
I 2 liberated corresponded to 10 mL of NI25 hypo. Calculate 
the percentage of CU available in CaOCl 2 . 

72 . 1.6 g of pyrolusite was treated with 60 mL pf normal oxalic 
acid and some H 2 SO 4 . The oxalic acid left undecomposed was 
made up to 250 mL, 25 mL of this solution required 32 mL of 
0.1 iV ■ potassium permanganate (KMn 04 ). Calculate the 
percentage of pure MnOj in pyrolusite. 

73 . A sample of pyrolusite weighing 0.5 g is distilled with cone. 
HCl. The evolved Cl, when passed through a solution of Kl 
liberates sufficient I, to react with 125 mL of iV/12.5 hypo 
(Na 2 S 203 -SH,©). Calculate the percentage of MnO, in 
pyrolusite. 

74 . The iodide content of a solution was determined by titration 
with sodium thiosulphate crystalline containing 11 . 2 % 
impurity. Calculate the normality of iodide ion solutibri in 
250 mL of the iodide solutiorriemiired^ZO mL hypcTpE^^ 
hypo is dissolved in 1 litre). 

75 . The formula weight of an acid is 82. In a titration, I'OO cm^ of a 
solution of this acid containing 39.0 g of the acid per litre were 
completely neutralised by 95.0 cm^ of aqueous NaOH 

. CQntaining.40.Q g of NaOH per litre. What is the basicity of the 
acid? (liT'ZlHHL 

[Hint: Normality of NaOH = 1 

Nomiality of acid = = 0.95 

100 

Let the eq. mass of the acid be £. 

39 82 

— = 0.95 or £ = 41 ; Basicity =— = 2 ] 

£ 41 

76. 20 mL of a solution containing ferrous sulphate and ferric 
sulphate acidified with H 2 SO 4 is reduced by metallic zinc. The 
solution required 27.4 mL of 0.1 N solution of K 2 C 12 O 7 for 
oxidation. However before reduction with zinc, 20 mL of same 
solution required 17.96 mL of same K 2 Cr 207 . Calculate the 
mass of FeS 04 and Fe 2 (S 04)3 per litre of the solution. 

[Hint: After reduction Fe 2 (S 04 >3 is also reduced to FeS 04 and 
titration gives total concentration of FeS 04 and ^ 62 ( 804 ) 3 . 
Titration before reduction gives only FeS 04 . 


Mill! equiv. of K 2 Cr 207 after reduction = 27.4 x 0.1 = 2.740 
Milli equiv. of K 2 Cr 207 before reduction = 17.96 x 0.1 = 1.796 
Milli equiv. of Fe 2 (S 04)3 in 20 niL= 0.944 
Milli equiv. of FeS 04 in 20 mL = 1.796 

FeS 04 (gL^') = X Eq. mass x 40 


1000 

1.796 

1000 


X 152x40 =10.92 


I 0 944 

Fe 2 (S 04 )3 (gL ') = X Eq. mass x 40 


1000 

0.944 

1000 


X 200x40 = 7.55] 


77. 3.0 g of pyrolusite ore were treated with 20 g of pure ferrous 
ammonium sulphate (Mol. mass =392 gmor') and dilute 
H 2 SO 4 . After the reaction, the solution was diluted to 500 mL. 
50 mL of diluted solution required 10 mL of 0.1 A K 2 Cr 207 
solutfbhT’Calculate lh”e^%" of ^jure TMrr 02 IF p^lusitei 
[Hint: IMnD, presFifflFpyrolusitFdHdiseFfeifbiis ammoniurrT 

sulphate into ferric ammonium sulphate, /'.a, Fe"'^- 

Unreacted ferrous ammonium sulphate is estimated by potassium 
dichromate solution. 


MnO, + 2Fe-^ + 4H'‘-> Mn--" + 2 H 2 O + 2Fe' 

CrjO)- + 6Fe-'' + 14 H'' -> 2Cr^* + 7H26 + 6Fe" 

50 mL diluted ferrous ammonium sulphate solution 
= IOmLof0.1 A? K,Cr207 
500 mL diluted ferrous ammonium sulphate solution 
= 10 X10 mL of 0.1 A K 2 Cr 207 
= 100mL of 0.1 A FeAS 
0-1X392 


. 3 + 


Used FeAS 


xl 00 = 

1000 

= (20-3.92) = 16.08 g 


Mn 02 present in pyrolusite = 


Percentage of pure MnO, = 


87 


392x2 


X 16.08 =1.784 g 


1.784 

3.0 


X100 = 59.4%] 
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1 . 

(i) 54; (ii) 52.66; (iii) 158; (iv) M.w./lO; (v) 41; (vi) 32 

34. 

With phenolphthalein 50 mL 

, with rhethyl ormge 

1. 

0.2 iY ■ - 3. 

10 L 

4. 

0.08 AT ■ 

■35. 

3.528,g/L 

36. 87.5% 



5. 

(a) 0.2 N ■ ■ ■ -6. 

45g/L 

7. 

70.4% 

37. 

NaCl 61.81%; KCl 38.19% 

38. 

96.31% 

8 . 

30% 




39. 

35.5% 

41. 63, 126 

42. 

82% 

9. 

HCl ='42.69, H 2 SO 4 =57.31 

10 . 

91.54% 

43. 

30.90 

45. (a) 50, (b) 150 mL 


11 . 

0.1435 g 12. 

50.0 

13. 

12 

47. 

1.625 g 

49. 94.7% ■ 

50. 

337 mL 

14. 

Vol. of water = 225 mL 



52. 

81.25% 




15. 

Vol. of A = 200 mL, Vol. of B = 800 mL 

53. 

Na^COi = 

82.8%; Na,S 04 = 

17.2% 


16. 

CaCOj = 48.78%, MgCOj = 

51.22% 


54. 

Na,CO, = 

0.5962; K^COj = 

0.6038 


17. 

60 mL 18. 

53, 106 

19. 

NajCOj = 84.8% 

56. 

% = 

= 85; Vol. 0, = 124.79 mL 


20 . 

1.605 g 21. 

Na,CO, 

= 2.12 g/L, NaHCOj = 0.84 gA. 

57. 

41.52% 

60. 14 

61. 

22.85 

22. 

NaCl =33.75%, NajCOj = 66.25% 


62. 

Na,CO, = 

0.053 g; KOH = 0.014 g 


23. 

NaOH = 2.0-g/L, 

Na,CO.j = 

1.325 g/L 

63. 

400 mL 

64. 3.675 g 

65. 

0.68 g 

24. 

66% 25. 

0.6 iV 

26. 

88.96% ■ 

66. 

N = 0.08, 

V = 0.448 



27. 

Contamination percentage 46,95% 


67. 

4.263 

68. 2g 

69. 

0.9486 g 

28. 

209.8 29. 

lOHjO 

30. 

0.0075 N 

70. 

35.5% 

71. 4.7% 

■ 72. 

76.125% 

31. 

35.5% , 32. 

5.372 g/L 33. 

91.25 g/L, 2.5 iV, 400 ml. 

73. 

87% 

74. 0.024 

77. 

59.4% 
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Objective Questions 


Set-1 : Questions with single correct answer 


1. A normal solution: 

(a) contains one gram equivalent mass of the substance in one 
litre solution 

(b) contains one gram molecular mass of the substance in one 
litre solution 

(c) contains one gram equivalent mass of the substance in 100 
mL of the solution 

(d) is that whose concentration is known 

2. Which one of the following is a standard solution? 

(a) It contains one gram equivalent mass of the substance in 
one litre solution 

(b) Its strength is accurately known 

(c) Its strength is to be detennined 

(d) A solution which has been prepared from pure substance 

3. The molecular mass of H^PO^ is 82. Its equivalent mass, if it is 
completely neutralised, is: 

(a) 82 (b) 27.3 (c) 41 (d) 246 

4. The molecular mass of Mohrs salt, FeS 04 (NH 4 ) 2 S 04 ■ bH^O, is 
392, Its equivalent mass is: 

(a) 196 (b) 39.2 (c) 98.0 (d) 392 

5. According to the following equation, 

KjCrjOy + 4 H 2 SO 4 -> K 2 SO 4 + Cr,(S04)3 + 4H,0 + 3[0] 

the equivalent mass of K 2 Cr 207 is: 

(a) mol mass/3 (b) mol. mass /6 

(c) mol. mass (d) mol. mass /12 

6 . Amount of oxalic acid required to prepare 250 mL of /V/10 
solution (Mol. mass of oxalic acid = 126) is: 

(a) 1.5759 g (b)3.15g (c) 15.75 g (d) 63.0 g 

7. Normality of 2% H 2 SO 4 solution by volume is nearly: 

(a) 2 (b) 4 (c) 0.2 (d) 0.4 

8 . The molecular mass of KMn 04 is M. Its equivalent mass in 
acidic medium will be: 

(a) M (b) Mil (c) M/5 (d) MIA 

9. When KMn 04 is reduced with oxalic acid in acidic medium, 
the oxidation number of Mn changes from; 

(a) 7 to 4 (b) 6 to 4 (c) 7 to 2 (d) 4 to 2 

10. For the half cell reaction, 

2Br03 +12H"-+10e-> Bij + 6H2O 

= the equivalent mass of sodium bromate is; 

(a) equal to its mol. mass (b) 1/3 of its mol. mass 

(c) 1/6 of its mol. mass (d) 1/5 of its mol. mass 

11. In the reaction, 

I2 + -) 2r + 840?,“ 

equivalent mass of iodine is: 

(a) equal to its molecular mass 

(b) 1/2 the molecular mass 

(c) 1/4 the molecular mass 

(d) twice the molecular mass 


12. A molal solution is one that contains one mole of the solute in: 
(a) 1000 g of the solvent (b) one litre of the solvent 
(c) one litre of the solution (d) 22.4 litre of the solvent 

13. In alkaline conditions, KMn 04 reacts as follows, 

2KMn04 + 2KOH-> 2K2Mn04 + H 2 O + [O] 

Therefore, its equivalent mass will be: 

(a) 31.6 (b) 52.7 (c) 72.0 (d) 158.0 

14. 0.1 N solution of Na 2 C 03 is being titrated with 0.1 N HCl, the 
best indicator to be used is; 

(a) potassium ferricyanide (b) phenolphthalein 

(c) methyl orange (d) litmus 

15. For the preparation of a litre of A/10 solution of H 2 SO 4 , we 

.need;_____,..... 

_^[a)_9.8.g_( b) 4.9 g _(c ) 10 g .(d ) 98 g _ 

16. Molecular mass of a tribasic acid is M. Its equivalent mass 
will be: 

(a) M/3 (b) 3 M (c) MU (d) 2 M 

17. A solution containing Fe‘* ions is titrated with KMn 04 

solution. Indicator used will be: - ' L 

(a) phenolphthalein ' (b) methyl orange 

(c) litmus (d) none of these 

18. If 200 mL of A/10 HCl were added to 1 g calcium carbonate, 
what would remain after the reaction? 

(a) CaCOj (b) HCl 

(c) Neither of the tWo (d) Part of both 

19. How many mL of 1. M H 2 SO 4 acid solution is required to 
neutralise 10 mL of 1 M NaOH? 

(a) 5 mL (b) 2.5 mL 

(c) 10 mL (d) 20 mL 

20. 200 mL of'3 A HCl were mixed with 200 mL of 6 A H 2 SO 4 
solution. The final normality of H 2 SO 4 in the resultant 
solution will be': 

(a) 9 A (b) 3 A (c) 6 A (d) 2 A 

21. The volume of water to be added to 400 mL of A /8 HCl to 
make it exactly A/12, is: 

(a) 400 mL (b) 300 mL 

(c) 200 mL (d) 100 mL 

22. 100 rtiL of 0.3 A HCi were mixed with 200 mL of 0.6 A 
H 2 SO 4 solution. The final normality of acid was; 

(a) 0,4 A (b) 0.5 A (c) 0.6 A (d) 0.9 A 

23. The M mass of NaOH is 40.50 mL of a solution containing 2 g 
of NaOH in 500 mL will require for complete neutralisation: 

(a) 10 mL decinormal HCl (b) 20 mL decinormal HCl 

(c) 50 mL decinormal HCl (d) 25 mL decinormal HCl 

24. 50 g of a sample of NaOH required for complete 
neutralisation, 1 litre A HCl. What is the percentage purity of 
NaOH? 

(a) 80 (b) 70 (c) 60 (d) 50 

25. Weight of iodine required to oxidise 500 mL A Na 2 S 203 
solution, is: 

(a) 6.35 g (b) 63.5 g (c) 127 g 


(d) 254 g 











Volumetric Analysis 


933 


26. 25 mL N K 2 Cr ,07 acidified solution will liberate . , iodine 
from KI solution. 

(a) 0.3175 g (b) 3.175 g (c) 31.75 g (d) 317.5 g 

27. The indicator used in iodometric titrations is: 

(a) phenolphthalein (b) litmus 

(c) potassium iodide (d) starch ■ 

28. Which of the following acids is added in the titration of oxalic 
acid and potassium permanganate? 

(a) HNO 3 (b) HCl 

(c) CH,COOH (d) H 2 SO 4 

29. In the titration of K 2 Cr 207 iodometrically, near the end point 
the colour of the solution becomes: 

(a) green (b) red (c) yellow (d) blue 

30. In the titration of ferrous ammonium sulphate and potassium 
dichromate, the external indicator used is: 

.-(a)- KGNS -.- -.-.(b) .-(NH 4 CNS.. 

-(€)^K 7 Pe(CN >6 -(xl)^K- 4 Ee(CM )6 ___ 

31. 0.1 N solution of a dibasic acid can be prepared by dissolving 
0.45 g of the acid in water and diluting to 100 mL, The 
molecular mass of the acid is; ■ 

(a) 45 (b) 90 (c) 135 (d) 180 

32. 100 mL of 0.2 N HCl solution is added to 100 mL of 0.2 N 
AgNOj solution. The molarity of nitrate ions in the resulting 
mixture will be: 

(a) 0.05 M (b) 0.5 M (c) 0.1 M (d) 0.2 M 

33. In an experiment, 20 mL of a decinormal HCl solution was 
added to 15 mL of a decinormal AgNO, solution. AgCl was 
precipitated out and excess of acid was titrated with NI2Q 
NaOH solution. The volume of NaOH required was: 

(a) 10 mL (b) 20 mL (c) 30 mL (d) 5 mL 

34. Iodine solution is prepared by dissolving iodine in: 

(a) NaOH (b) NajCOj (c) HjO (d) KI 

35. Which one of the following is not a primary standard? 

(a) Oxalic acid (b) Sodium thiosulphate 

(c) Sodium hydroxide (d) Potassium dichromate 

36. Which one of the following is a primary standard? 

(a) KMn 04 (b) CuS 04 - 5 H 20 

(c) L (d) H 2 SO 4 

37. When 10 mL of 10 M solution of H 2 SO 4 and 100 mL of 1 M 

solution of NaOH are mixed, the resulting solution will be: 
(a) acidic (b) neutral 

(c) alkaline (d) cannot be predicted 

38. 1.0 g of a metal carbonate neutralises 200 mL of 0.1 N HCl. 
The equivalent mass of the metal will be: 

(a) 50 (b) 40 (c) 20 (d) 100 

39. The normality of a 26% mass/volume solution of ammonia 
(density 0.885 g/mL) is approximately; 

(a) 1.5 (b) 4.0 (c) 0.4 (d) 15.3 

40. The molarity of pure water is; 

(a) 18M (b)50.0M (c) 55.6 M (d) 100 iW 

41. 5.0 g of H 2 O 2 is present in 100 mL of the solution. The 

molecular mass of H 2 O 2 is 34. The molarity of the solution is: 
(a) 1.5M (b)0.15M (c) 3.0 M (d) 50 M 

42. 2 N solution of sodium carbonate is equivalent to a solution of 
strength: 


(a) 106 g per 100 mL (b) 53 g per 100 mL 

(c) 10.6 g per 100 mL (d) 5,3 g per 100 mL 

43. Which one of these solutions has the highest normality? 

(a) 8 g KOH per 100 mL (b) 0.5 M H 2 SO 4 

(c) 6 g of NaOH per 100 mL (d) N H 3 PO 4 

44. 1 g of a metal required 50 mL of 0.5 N HCl to dissolve it. The 
.equivalent mass of the metal is: 

(a) 25 (b) 50 (c) 20 (d) 40 

45. What volume of COo at NTP will be liberated by the action of 
100 mL of 0.2 N HCl on CaCOj? 

(a)112mL (b) 224 mL (c) 448 mL (d) 120 mL 

46. The equivalent mass of phosphoric acid (H 3 PO 4 ) is 49. It 
behaves as ... acid. 

(a) monobasic (b) dibasic 

(c) tribasic (d) tetrabasic 

47. The-normality of lO%-(mass/vGluffle)-aGetic aoid- is:- 

-(a)-LW-- (g)-L 7.J^_(.d)^.0.8aj/_ 

48. Equivalent mass of KMn 04 , when it is converted to MnS 04 , 

is: (CO-' T 

, (a) M/5 (b) M/3 (c) M /6 (d) M/2 

49. How many grams of CH 3 OH would have to be added to water 
to prepare 150 mL of a solution that is 2.0 M CH 3 OH? 

(a) 9.6 (b) 2.4 (c) 9.6 x 10^ (d) 4.3 x 10^ 

50. On dissolving 1 mole of each of the following acids in one 

litre water, the acid which does not give a solution of strength 
1 /V is: ■ I : 

(a) HCl (b) HCIO 4 (c) HNO 3 (d) H 3 PO 4 

51. 0.16 g a dibasic acid required 25 mL of decinormal NaOH 

solution for complete neutralisation. The molecular mass of 
the acid is: n'L F 7 ir' - 

. (a) 32 (b) 64 (c) 128 (d) 256 

52.. 5 mL of A HCl, 20 mL of M2 H 2 SO 4 and 30 mL of iV/3 HNO 3 
are mixed together and volume made to one litre. The 
normality of the resulting solution is: (i i. '• L i 9 ? i 

(a) N/5 (b) A/10 

(c) A/20 (d) A/40 ■ 

53. The equivalent mass of MnS 04 is half its molecular mass 

when it is converted to: 

(a).;Mn 2 03 (b) MnOj 

(c) Mn 04 (d) MnO^" 

54. For the redox reaction, 

Mn 04 + C 20 ^ -I- H"- -r Mn + CO, + H 2 O 

the correct coefficients of the reactants for the balanced 
reaction are; •i" : r:' .; 


Mn 04 

CjOf 


(a) 2 

5 

16 

(b) 16 

5 

• 2 

(c) 5 

16 

2 

(d) 2 

16 

5 


55. 100 mL solution consists 4 g caustic soda. The normality of 
the solution is: IT 'T ' . 

(a) 1.0 (b) 0.1 (c) 0.5 (d) 4.0 
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56. The amount of a caustic soda required for complete 

neutralisation of 100 mL 0.1 N HCl is: T'i' Ti l i| 

(a)4.0 g (b)0.04g (c) 0.4 g (d) 2.0 g 

57. What volume of N/2 and MLO HCl should he taken in order to 
make a 2 litre solution of N/5 strength? 

(a) 0.5 liti-e N/2 HCl and 1.5 litre of MIO HCl 

(b) 1 litre N/2 HCl and 1 litre MIO HCl 

(c) 1.5 litre M2 HCl and 0.5 litre MIO HCl . ■ 

(d) 0.7 litre N/2 HCl and 1.3 litre MIO HCl 

58. The molar concentration of the chloride ion in the solution 
obtained by mixing 300 mL of 3.0 M NaCl and 200 mL of 
4.0 M solution of BaCl 2 is: 

. (a) 1.6 M. (b) 1.8 M (c) 5.0 M (d) 0.5 M 

59. The normality of 0.3 M phosphorous acid (H 3 PO 3 ) is: 

._.. ,(aXJ)X__ (bXMS _TcL.03,_(d).- 0.6 ..- 

_60.^ AJil 0 -.inL solmion-otiLLM HCL 4 vas-tUrated--with ^.2 - 

NaOH solution. The titration was discontinued after adding 30 
mL of NaOH solution. The titration was completed 1^ adding 
0.25 N KOH solution. The volume of KOH required for 
completing the titration is: j r; {. 

(a) 70 mL (b) 32 mL (c) 35 mL (d) 16 mL 

61. An aqueous solution Of 6.3 g of oxalic acid dihydfate is made 
up to 250 mL. The volume of 0.1 W NaOH required to 
completely neutralise 10 raL of this solution is: {, 1 } 

(a)40iiL (b)20mL (c) 10 mL (d)’4mL- 

62. In order to prepare one litre normal solution of KMn 04 , how 

many grams of KMn 04 -are required if the solution is to be 
used in acid medium for oxidation? irs i 

(a) 158g , (b)31.6g (c) 62 g (d) 790 g 

63. 3 g of an oxide of a metal is converted to chloride completely 
, and it yielded 5 g of chloride. Equivalent weight of the metal 

is: i ' ^ 

(a) 33.25 (b) 3.325 (c) 12 (d) 20 

64. Phosphoric acid H 3 PO 4 can be neutralised to; 

(a) HPO^ (b) PO^ (c) H 2 PO 4 (d) HPO|" 

65. ‘a’ g KHC 2 O 4 required to reduce 100 mL of 0.02.M KMn 04 
in acid medium and ‘fc’ g KHC 2 O 4 neutralises 100 mL of 0.05 
M CafOH), then; 

(a) a = b (b) 2a = b 

(c) a = 2b (d). none of these 

66 . Which of the following statements is/are tme about H 3 PO 2 ? 

(a) It is a tribasic acid 

(b) One mole of it is neutralised by 0.5 mole of Ca(OH )2 

(c) NaH 2 P 02 is acidic salt 

(d) It disproportionates to H 3 PO 3 and PH 3 on heating 

67. Mixture of 1 mole BaF 2 and 2 mole H 2 SO 4 can be neutralised 
by: 

(a) 1 mole KOH (b) 2 mole CafOHlj 

(c) 4 mole NaOH (d) 2 mole-KOH ; 

28 NO 3 + 3 AS 2 S 3 + 4 H 2 O ^ 6 Asb^ + 28NO + 9SO^“ + 8 H'". 

What will be the equivalent mass of As' 2 S 3 in above reaction? 

, , M. wt. „ ^ M. wt. , , M. wt. ^ „ M. wt. 

(a) —_ (b) —— (c) —(d) —— 


69. The number of moles of KMn 04 that will need to react 

completely with one mole of ferrous oxalate in acidic solution 
is: jil'l ) 19^7! 

(a)-2/5 (b) 3/5 ^ (c) 4/5' (d) 1 

70. The number of moles of KMn 04 that will be needed to react 
with- one mole of sulphite ion in acidic solution is: 

in r i.hiKT sV'>7i 

(a) 2/5 (b)- 3/5 (c) 4/5 (d) 1 

71. The equivalent weight of KIO3 in the reaction, 

2 Cr(OH )3 + OH^ + KIO3 —2CrO^. + 5 H 2 O + K1 is: 


(a) molecular weight 

molecular weight 
(b) - 

molecular weight 

(C) -^^ 

6 

molecular weight 

(d) 2 

72. In the reaction. 

I 2 + 2820 ^ —H 

. 21 - + 840 ^- 


equivalent weight of iodine will be equal to: 

!P\i S 

(a) 4/6 of molecular weight 

(b) molecular weight 

' (c) 2/9 of molecular weight 
(d) twice the molecular weight 

73. The Volume of a concentrated H 2 SO 4 , mixed with 0.5 N KOH 

to prepare 150 cm^ of 0.2 N KOH. Solution is:.l'v'. T F '‘•hlL 
(a) 50 cm-^ (b) 60 cm^ (c) 70 cm^ (d) 80 cm^ 

74. For the decolorisation of 1 mole of KMn 04 , the number of 

moles of H 2 O 2 required is: i H f S " liO < ■ 

(a) 1/2 (b) ,3/2 (c) 5/2 (d) 7/2 

75 _ The product of oxidation of F with MnO^ in alkaline medium 
as: ' ' ■ ’in 

(a) 10 ;. (b) I 2 (c) 10 “ (d) 10 ; 

76. Volume of 0.1 M K 2 Cr 207 required to oxidise 35 mL of 0.5 

M FeS 04 solution is: ’ j' ?- ^ '•'LW; 

(a) 29.2 raL (b) 17.5 mL 

(c) 175 mL (d) 145 mL 

77. A commercial sample of H 2 O 2 is labelled 10 volume. Its 

percentage strength is nearly: , . : : 

(a) 1% (b) 3% (c) 10% ■ (d) 90% 

78. 50 mL of 10 N H 2 SO 4 , 25 mL of 12 V HCl and 40 mL of 5 V 

HNO 3 are mixed and the volume of the mixture is made 1000 
mL by adding water. The normality of the resulting solution 
will be: i . 7 . ■ L’- ■_ ■: >!'! 

(a) IN (b)2N (c)3N (d) 4 N 

{e)9N 

[Hint:, N,F,+/V2F2 + N3P3=iV«xF^ 

10 X 50 + 12 X 25 + 5 X 40 = V;; X 1000 
500+ 300 + 200 = ^32x1000 

Ng^ = 1 (Resultant normality)] 

79. Acidified KMn 04 oxidizes oxalic acid to CO 2 . What is the 
volume (in litre) of 10"^ M KMn 04 required to completely 
oxidize 0.5 litre of 10”^ M oxalic acid in acid medium? 

(a) 125 (b) 1250 (c) 200 (d) 20 
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COOH 

[Hint: ■ 2 KMn 04 + SHjSO^ + 5 1 -> K 2 SO 4 

COOH 


«t 


(KMn 04 ) = 

”2 


+ 2MnS04 + loco, + SHjO 
rCOOH"l 

[coohJ 


10~'* xK) _ 10~'- xO.5 
2 “ 5 


F, = 20 L] 

80. The concentration of oxalic acid is ‘x’ mol litre^'. 40 mL of 
this solution reacts with 16 mL of 0.05 M acidified KMn 04 . 
What is the pH of M oxalic acid solution? 

(Assume that oxalic acid dissociates completely.) 

|EAMCET(Eano.) 20061 

. (a)- 1.3 ........(.b.) 1-699......(.c)..!..Jd) .2. 

_:_^_COOH 

[Hint: 2KMn04 + 3H2SO4 + 51 k2S04 + 2MnS64 

COOH 


M,F, 

(KMn 04 ) 


rCOOH 

1 

«!■ . 


1 

,COOH 


0.05x16 

X X .40 



2 5 

X = 0.05 M 

[H'']=2x0.05 = 0;lM 


+ 8 H ,0 + 10 C 02 


pH = -log(lk) = -log(0.1) = I] 


81. Consider the titration of potassium dichromate solution with 

acidified Mohr’s salt solution using diphenylamine as 
indicator. The number of moles of Mohr’s salt required per 
mole of dichromate is; (HT 2007) 

(a) 3 ^ (b) 4 (c) 5 (d) 6 

[Hint: Cr20^- + 6Fe-^ + 14H-^ -> 2Cr^'" + + THjO 

1 mole of dichromate oxidises six moles of ferrous ion present in 
Mohr’s salt] 

82. The number of moles of KMn 04 that will be needed to react 
with one mole of sulphite ion in acidic solution is; 




ICBSE (.Med.) 2007] 


(b) 1 

(c) 1 (d) 1 

5 

[Hint: 

The redox reaction is; 


2MnOI + 5SO^ + 6 H^ — 

2Mn^-’- + 5SO^ + 3H,0 



83. For the reaction between KMn 04 and H 2 O 2 , the number of 
electrons transferred per mole of H 2 O 2 is; 

IP.MT (Haryana) 20071 

(a) one (b) two (c) three (d) four 

84. Number of moles of K 2 Cr 207 reduced by one mole of Sn is; 

jPMTiRaJ.) 2ft07j 

(a) 1/3 (b) 3 (c) 1/6 ' (d) 6 

85. The formula mass of Mohr’s salt is 392. The iron present in it 

is oxidised by KMn 04 in acid medium. The equivalent mass 
of Mohr’s salt is; liadrapnisih f F.cw.) 20071 


(a) 392 (b) 31.6 (c) 278 (d) 156 

86 . To neutralise completely 20 mL of 0.1 M aqueous solution of 

phosphorus acid(H 3 P 03 ), the volume of 0.1 M aqueous KOH 
solution required is; IJaiiiia Willia Islamia ( .y^.} 20f)' 

(a) 10 mL . ■ (b) 20 mL (c) 40 mL (d) 60 mL 

[Hint: H 3 PO 3 + 2KOH-> K,HP 03 + 2H,0 

Af|Ki _ M 2 V 2 

0 . 1 x 20 _ 0 . 1 xK, 

1^2 
F, =40mL] . 

87. 10 cm ^ of 0.1 /V monobasic acid requires 15 cm^ of sodium 
hydroxide solution whose normality is ; 

(a) 0.066/V (b) 0.66 A (c)1.5/V (d) 0.15 A/ 

-- [Hint:--..-..-.. 

T[):i->n-07H7Y2-xT5--—-- 

Nj = 0.066 ] 

88 . Amount of oxalic acid present in solution can be oxidised by 

its titration with KMn 04 solution in the presence of H 7 SO 4 . 
The titration gives unsatisfactory result when carried out in the 
presence of HCl, because HCl; (AiEFF. Zisiln/ 

(a) oxidises_ oxalic acid to carbon dioxide and water 

(b) gets oxidised by oxalic acid to chlorine 

(c) Furnishes ions in addition to-those from oxalic acid 

(d) reduces permanganate to Mn ^ * 


89. How many moles of acidified FeS 04 can be completely 

oxidised by one mole of KMn 04 ? .TiLitj 

• (a) 10 (b) 5 (c) 6 (d) 2 

[Hint: 2 KMn 04 + 3 H,S 04 ^ K 2 SO 4 + 2 MnS 04 + 3 H, 0 + 5 [ 0 ] 
[ 2 FeS 04 + H,S 04 + [O] ^ Fe,(S 04 ) 3 + H, 0 ]x 5 
2 KMn 04 + 10FeSo7+iH2SO4 K,S 04 + 2l4nSo7~ 

_ + 5 Fe 2 (S 04)3 + 8 H 2 O 

2 mole KMn 04 s 10 mole FeS 04 
1 mole KMn 04 = 5 mole FeS 04 ] 

90. In the titration of nitric acid against potassium carbonate, the 

indicator used is : K'osnvd ;a) 31 )!^ - 

(a) methyl orange (b) self indicator 

(c) phenolphthalein (d) diphenylamine 

91 . In transforming 0.01 mole of PbS to PbS 04 , the volume of 10 

volume H 2 O 2 required will be ; PEE {WS) 2 . 0 ;' '■ 

(a) 11 . 2 mL (b) 22 . 4 mL (c) 33 . 6 mL (d) 44 . 8 mL 

[Hint: PbS + 4 H 2 O 2 —p- PbS 04 + 4 H ,0 

0.04 mole of HjOj is required to react with 0.01 mole PbS. 
Molarity of H 2 O 2 may be calculated as, 

Volume strength = Molarity x 11.2 
10 = M X 11.2 
M= 0.892 

Number of moles = MY- 
1000 


1000 

F= 44.8 mL] 
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92. A solution containing Na 2 C 03 and NaOH requires 300 mL of 
0.1 N HCl using phenolphthalein as an indicator. Methyl 
orange is then added to above titrated solution when a further 
25 mL of 0.2 N HCl is required. The amount of NaOH present 
in the original solution is: 

(a)0,5g‘' (b)lg (c)2g (d)4g 

[Hint : 300 inL HCl of 0.1 A? neutralises entire amount of NaOH 
and 1/2 of Na 2 C 03 . Remaining 1/2 of NajCOj is neutralised by 
25 mL of 0.2 N HCl, Le ., 50 mL of 0.1 W HCl. ’ 

Thus, 250 mL of 0,1 N HCl is required to neutralise NaOH 
completely. 

A/,K, (NaOH) = /VjFjCHCl) 

= 0.1x250 



= 25 




ENV 

1000 


40x25 

1000 



sulphate and potassiurh permanganate are 
used as oxidising agents in acidic medium for oxidation of 
ferrous ammonium sulphate to ferric sulphate. The ratio of 
number of moles of ceric ammonium sulphate required per 
mole of ferrous ammonium sulphate to the number of moles of 
KMn 04 required per mole of ferrous ammonium sulphate is: 

(a) 5.0 (b)0.2 (c)0.6 (d)2,0 

pint: Oxidation of ferrous ammonium sulphate by KMn 04 is : 

2KMn04+ 8H2SO4+ 10FeS04-(NH4)2S04-6H,0->' 

K2SO4 + 2MnS04 + 5 Fe 2 (S 04)3 + 10(NH4),SO4 + bSH^O 
1 mole of FeS 04 (NH 4 ) 2 S 04 • bHjO consumes 1/5 mole of 
KMn 04 . 


Fe^^ + Ce'*'"-Fe^* + Ce-'*'" 

Required ratio = = 5.0 ] 

94. One kilogram of sea water sample contains 6 mg of dissolved 
O 2 . The concentration of O 2 in the sample in ppm is: 

(a) 0.6 (b) 6.0 (c)60.0 (d) 16.0 

(e) 32.0 

[tfint: 1 kg water = 1 (f mg: 

10 ^ mg water contains 6 mg O 2 
Concentration of Oj is 6 ppm.] 

95. The estimation of available chlorine- in bleaching powder is 

done by: : : . , 

(a) Acid-base titration (b) Permanganometric titration 

(c) lodimetric titration (d) lodometric titration _ 

96. W hat volume of 0.1 M H 2 SO 4 is required in litres to neutralize 
completely 1 litre of a solution containing 20 g of NaOH? 


(a) 5.0 
■[Hint ; 


(b)0.5 (c)2.5 (d)lO.O 

_ wgX 1000 _ 20 x 1000 


MgXV 


= 0.5 


40x1000 

Reaction : H 2 SO 4 + 2NaOM -—> Na 2 S 04 + 2 H 2 O 


M,F| ^ ^2^2 
1 “ 2 

0.lxK,=i^ 


F, =2.5 L] 










Volumetric Analysis 


937 


Assertion-Reason TYPE QUESTIONS 


The questions given below consist of an ‘Assertion’ ’(A) and 
‘Reason’ (R). Use the following keys to choose the appropriate 
answer: 

(a) If both (A) and (R) are correct, and (R) is the correct 
explanation of (A);. 

(b) If both (A) and (R) are correct, but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct, but (R) is incorrect. 

(d) If (A) is incorrect, but (R) is correct. 

■ .i. (A) H 3 PO 3 is a dibasic acid. 

(R) Two H-atoms are directly attached to phosphorus ‘P’. 

2. (A) Equivalent mass of KMn 04 is equal to one-fifth of its mo¬ 

lecular rhass when it acts as ah oxidising a’pht Tn^acrdfc rhe- 
.. 

(R) Oxidation number of Mn in KMn 04 is +7. 

3. (A) 5 M HCl solution is diluted 10 times, its molarity beconjes 

50. 

(R) On dilution, molarity of the solution decreases. 

(A) In the reaction, 2 S 2 OI" + I 2 -^.. 540 ^” + 21 ”; Ij is oxidised. 
(R) During oxidation, loss of electron takes place. 


5. (A) In the titration of HCl against NaOH, phenolphthalein is ■ 

used as suitable indicator. 

(R) Phenolphthalein is pink coloured in basic medium. 

6 , (A) Concentration of H 2 O 2 is expressed in volume. 

(R) Volume strength of H 2 O 2 = Normality x 5.6. 

?. (A) lodimetric titrations are redox titrations. 

(R) The iodine solution acts as an oxidising agent. 

8 . (A) Starch is used as absorption indicator in iodometric and 

iodimetric titrations. 

(R) Starch forms iodostarch complex with iodine, which is blue 
coloured. 

9. (A) H 3 BO 3 is monobasic Lewis acid but its salt NajBOj exists. 

(R) H 3 BO 3 reacts with” NaOHlb give Na 3603 ! 

-[HinT---M 3 B 03 --T---Na 0 M=^^NaBt^ ..... 

3 C 2 H 5 OH -t- H 3 BO 3 -»(C 2 H 5 ) 3 B 03 -l SHjO 

(C 2 H 5 ) 3 B 03 -I- 3NaOH-> NajBOj + 3 C 2 H 5 OH] 

Molecular weight 

10. (A) Equivalent weight of a base =-— 2 — 

Acidity 

(R) Acidity is the number of replaceable-hydrogen atoms in one- 
molecule .of the base. 




1 . 

(a) 

2 . 

(b) 

3. 

(c) 

•4. 

(d) 

'7 

(b) 

6 - 

(a) 

7. 

(d) 

8 . 

(c) 

9. 

(c) 

10 . 

(d) ■ 

IS. 

(b) 

12 . 

(a) 

13. 

(d) 

14. 

(c) 

13. 

(b) 

16. 

(a) 

17. 

(d) 

18. 

(c) 

19. 

(a) 

20 . 

(b) 

21 . 

(c) ■ 

22 : 

(b) 

23. 

(c) 

24. 

(a) 

25. 

(b) 

26. 

(b) 

27. 

(d) 

28. 

(d) 

29. 

(a) 

50. 

(c) 

31. 

(b) 

32. 

(c) 

33. 

(a) 

34. 

(d) 

35. 

(c) 

36. 

(b) 

37. 

(a) 

38. 

(a) 

39. 

(d) 

40. 

(c) 


(a) 

42. 

(c) 

43. 

(c) • 

44. 

(d) 

45. 

(b) 

46. 

(b) 

47. 

(c) 

48. 

(a) 

4$. 

(a) 

50. 

(d) 

51. 

(c) 


(d) 

53. 

(b) 

54. 

(a) 

55. 

(a) 

56. 

(c) 

5"?. 

(a) 

58. 

■(c) 

59. 

(d) 

(nk 

(d) 

61. 

(a) 

62. 

(b) 

6 .1. 

(a) 

64. 

(a, b, c) 

65, 

(b) 

66 . 

(b.d) 

67. 

(b, c) 

68, 

(d) 

69. 

(b) 

70. 

(a) 

7|. 

(c) 

72. 

(b) 

73 , 

(b) 

14. 

(c) 

■ 75. 

(a) 

76. 

(a) 

77. 

(b) 

. 78. 

(a) 

79. 

(d) 

' 80. 

(c) 

u ? ^ 

(d) 

82. 

(b) 

83. 

(c) 

B4. 

(a) 

85. 

(a) 

86 . 

(c) 

87, 

(a) 

88 . 

(d) 

39, 

(b) 

90. 

,(c) 

91. 

(d) 

92- 

(b) 

0's 

(a) 

94. 

(b) 

95. 

(d) 

96. 

(c) 



1 . (c) 2 . (b) 3. (d) 4. (d) ,5, (b) 6 . (b) 7 . (a) ' 8 . (a) 

?•*. (c) 10 . (c) , . - ' 
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/M/M/M 


Brain Storming Problems 


/JF/M/M 


Objective Questions for ht ASPIRANTS 


■^2Cr 


3+ 


+ 7 H 2 O 


1. The value of n in the equation. 

Cr20^“ +14H’^ +ne- - 
is: 

(a) 2 (b) 3 (c) 4 (d) 6 

2. The number of moles of acidified KMn 04 required to oxidise- 
one mole of ferrous oxalate (FeC 204 ) is: 


(a) 5 


.(b) 3 

■t7 ■+^-^3-2 

KMnO; + FeC ,04 


(c) 0.6 


(d) 1,5 

+4 


Mn» + + 2CO, 


d 




Reduction' 

.. e 


'2e ■■ ■' . .■- .. 


d 

_ 

Lj ■ ■ 


5e 


3e 


5 mole FeC 204 = 3 mole KMn 04 
1 mole FeC 204 = 0.6 mole KMnO^ ] 


3. 


A solution contains Na 2 COi 


and NaHCOj. 10 mL of the 


solution requked2.5 mL of 0,1 .M H 2 SO 4 . for neutrajisation 
using phenolphthalein as indicator. Methyl orange is then 
added when a further 2.5 mL of 0.2 M H 2 SO 4 was required. 
Then the amount of Na 2 C 03 and NaHCOj in 1 litre of the 
solution is: 

(a) 5.3 g and 4.2 g (b) 3.3 g and 6.2 g 

(c) 4.2 g and 5.3 g (d) 6.2 g and 3.3 g . 

4. V■^ mL of NaOH of normality x and Vj mL of BafOHlj of 
normality y are together sufficient to neutralize exactly 100 
mL of 0.1 N HCl. If V, : Fj = 1: 4 and if jc :y = ’4:l, what 
fraction of the acid is neutralised by Ba(OH) 2 ? 

(a) Od ■ (b) 0.33 (c) 0.67 (d) 0.25 

5. A 0.518 g sample of limestone is dissolved in HCl and then the 
calcium is precipitated as CaC 204 , After filtering and washing 
the precipitate, it requires 40 mL of 0.25 N KMn 04 solution 

■ acidified with H,S 04 to titrate it as. 


MnO: -f ff 


+ C 2 O; 


CO, -f Mn^-' + 2H,0 


The percentage of CaO in the sample is: 
(a) 54% (b)27.1% (c) 42% 


(d) 84% 


[Hint: Number of milliequivalents of CaC 204 , KMn 04 
CaO will be same. 

40 X 0.25 ^ 


and 


r/—xlOOO 
2 


6 . 


W = 0.28 g (Mass of CaO) 

0 2 R 

% CaO = X100 = 54%] 

■ 0.518 

When 40 mL of 0.1 A HCl and 20 mL of 0.1 M H 2$04 
mixed together, the normality of the mixture will be: 

m-N (b) — N (c) — A (d) - A 

5 15 2 1 

[Hint: A,F,+ A 2 F 2 =A^(F| + F 2 ) 

0.1x40+ 0.2x20 = A;j (60) 


are 


A,=- 


60 15 


7. What is the normality of 0.3 M H 3 PO 4 when it undergoes the 
reaction as? 


10 . 


H3PO4 + 20H- 


. HPO 3 " 


+ 2H,0 


(a) 0.3 A (b) 0,15 A (c) 0.60 A (d) 0.90 A 
8 . In the mixture of (NaHCOj + Na 2 C 03 ), volume of HCl 
required is jt mL with phenolphthalein indicator andy mL with 
methyl orange indicator in same titration. Hence, volume of 
HCl for complete reaction of Na 2 C 03 is: 

(a) 2x (b) y (c) xl2 (d) (y - jc) 

. JHint:.In _ presence of phenolphthaleiE, _ 5Q% Na^CO ^ is 


neutralised whereas l^HCOj remains unaffected. In presence of 


methyl orange, both NajCOj and NaHCOj will be 100% 
neutral i,sed. 

Let volume of HCl for complete reaction of Na 2 C 03 = F, mL and 
volume of HCl for complete reaction ofNaHC 03 = F 2 ™L. With 
phenolphthalein, 50% Na 2 C 03 will be neutralized. 

2 


■ = X. V, .= lx] 


3 • 2 H 2 O (sesquicarbonate) 


40 mL of 0,05 M Na 2 CO 3 ■ NaHCO- 
is titrated against 0.05 M HCl. x mL of HCl is used when 
phenolphthalein is the indicator and y mL HCl is used when 
methyl orange is the indicator in two separate titrations; hence 
(y-x)is: 

(a) 80 mL . (b) 30 mL 

(c) 120 mL (d) none of these 

Equivalent mass of H 3 PO 2 when it disproportionates into PH 3 

and H 3 PO 3 is (Molecular mass = M): 

, , - - , A# , , M ,,, 3M 

(a)M . (b)— (c)^ (d)^ 


(Hint: 


H 3 PO 2 


H 3 PO 


3 , Eq, wt. ■ 

2 ) 


’ 2 


(Change in oxidation number 

H 3 PO 2 ->PH 3 ; Eq.wt,= 


M 


(Change in oxidation number 

The equivalent mass of 

•. . MM 

disproportionation = ~ + — 


in the process of 


4) 

H3PO2 

m 

4 

11 . The reagent commonly used to determine hardness of water 
titrimetrically is: 

(a) oxalic acid (b) disodium salt of EDTA 

(c) sodium citrate (d) sodium thiosulphate 

12. The equivalent mass of sodium thiosulphate(Na 2 S 203 • 5 H 2 O) 
in the reaction, 

2 Na 2 S 203 +I 2 -> 2Nal + Na 2 S 406 

is: 

(a) 248 (b) 124 (c) 596 (d) 62 

13. If 100 mL of the acid is neutralised by 100 mL of 4 M NaOH, 
the purity of concentrated HCl (sp. gravity = 1.2) is: 

(a) 12% (b) 98% (c) 73% (d) 43% 
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14. 2 moles of FeS 04 are oxidised by x moles of ICMn 04 in acid 
medium into ferric sulphate, 3 moles of ferric oxalate are 
oxidised by y moles of K 2 Cr 207 in acid medium. The value of 
ix/y)is:_ 

(a) 6/5 (b) 2/15 (c) 18/5 (d) 3/5 

15. What volume of 0.05 M Cr 207 ” in acid medium is needed for 

complete oxidation of 200 mL of 0.6 M FeC 204 solution? 

(a)0.6L (b)1.2 L (c) 2.4 L . (d) 3.6 L 


16. KMn 04 reacts with oxalic acid according to the reaction: 

2 KMn 04 + SCjOj” + lefT-> 2Mn^^ +.10CO2 + SHjO 

Then, 20 mL of 0,1 M KMn 04 is equivalent to: 

(a) 30 mL of 0.5 M C 2 H 2 O 4 (oxalic acid) 

(b) 50 mL of 0.1 M C 2 H 2 O 4 (oxalic acid), 

(c) 20 mL of 0.5 M C 2 H 2 O 4 (oxalic acid) 

(d) 10 mL of 0.1 M C 2 H 2 O 4 (oxalic acid) 

_[Hinti_ M£l_gSMsia^y=M^(H2Cfin-) _--- 

K, Ih- 

0.1x20 _MjV 2 


17. 


2 5 , _ , 

.^ 2^2 = 5 

(It is possible in case of b.)] 

Potassium permanganate is titrated against ferrous aimmonium 
sulphate in acidic medium; the equivalent mass of potassium 
permanganate is: 


molecular mass 


(b) 


molecular mass 


(c) 


molecular mass 


(d) 


molecular mass 
10 


[Hint: The ionic reaction involved in titration is: 


Mn 04 + SFe^'" + 8H 


Mn^-' + 4H,0 + SFe^-" 


Since, a molecule of KMn 04 accepts 5 electrons in acid medium, ■ 


its equivalent mass will be 


molecular mass 1 


•] 


! 8 . Number of moles of K 2 Cr 207 that can be reduced by 1 mole of 
Sn^'^ ions is: 

(a) 1/3 . (b)3/2 (c)5/6. (d) 6/5 

[Hint: The redox reaction is: 

CrjO?^ + HH-" + 3Sn-+-^ 2Cr^+ + VHjO + 3Sn‘‘+ 

1 mole of Sn^”^ will reduce 1/3 mole of K 2 Cr 207 ] 

19. Potassium permanganate acts as an oxidising agent in acidic, 
alkaline as well as neutral media. Which among the following 
statements is incorrect? 

(a) N = MIS (in acid medium) 

(b) N = M13 (in alkaline medium) 

(c) N = M13 (in neutral medium) 

(d) N = M (in alkaline medium) 

20. The number of equivalents of Na 2 S 203 required for the 
volumetric estimation of one equivalent of Cu is; 

(a) 1/3 , (b) 1 (c) 3/2 ■ (d) 2/3 

[Hint: Number of equivalents of reacting species in a chemical 
reaction are same.] 


21. The equivalent mass of MnS 04 becomes half of its molecular 
mass when it is converted into: 

(a) Mn 04 (b) Mn 02 or Mn 304 

(c)MnO^- ' (dlMnjO^ 

(+2) (+4) 

[Hint: When MnS 04 is converted to MnOj, the oxidation 


number changes_byj:,jhus 


Equivalent mass of MnS 04 = 7 


Molecular mass 


M 

22. A solution.of 10 mL of — FeS 04 was titrated with KMn 04 

10 


solution in acidic medium; the amount of KMn 04 used will 
be: 


(a) 10 mL of 0.5 M (b) 10 mL of O.l M 

(c) 10 mL of 0.02 M _ (d) 5 mL of 0.1 M 
[Hint: The involved reaction is: 

lKMiO7+8H^7Tl0FeSO4^^ . ' 

-^ 5Fe2(S04 )3 + 2 MnS 04 + K 2 SO 4 + SHjO 

^^^(KMn 04 ) = ^^^^(FeS 04 ) . 

«, W2 

2 “ 10 


= 0.2 which is possible in (c)] 

23. Among the following reactions, used in titrations, select the 
reaction(s) in which the chlorine is oxidised: 

1. Mnd 2 + 4HC1-> MnClj + Clj + 2 H 2 O 

2.. 2 KI + CI 2 -—>2KCl+l2 

3. Ca0a2.+ H20->Ca(OH) 2 +Cl 2 

4. Cr 02 Cl 2 + 2NaOH-> Na 2 Cr 04 + 2HC1 

(a) reactions 2, 3 and 4 (b) reaction 1 only 

(c) reactions 1 and 3 (d) reaction 4 only 

■ (e) reactions 2 and 4 

24. Oxalic acid dihydrate, H 2 C 2 O 4 • 2 H 20 (i) is often used as a 

primary reagent to standardise sodium hydroxide solution. 
Which of these facts are reasons to choose this substance as a 
primary standard? 4 

T. It is diprotic. 

n. It is a stable compound that can be weighed directly in air. 
III. It is available in pure form. 

' (a) III only (b) I and II only 

(c) II and III only . (d) I, II and III 

25. A 20 mL sample of a Ba(OH )2 solution is titrated with 0.245 
M HCl. If 27.15 mL of HCl is required, what is the molarity of 
the Ba(OH )2 solution? 

(a) 0.166 M (b)0.180 M (c) 0.333 M (d) 0.666 M 

26. A solution of which substance can best be used as both titrant 

and its own indicator in an. oxidation-reduction titration? 
(a)l 2 (b)NaOCl (c) K 2 Cr 207 (d)KMn 04 

27. A 0.2 g sample of benzoic acid, CgHjCOOH, is titrated with a 
0.120 M Ba(OH )2 solution. What volume of the Ba(OH )2 
solution is required to reach the equivalence point? 

Substance Molar mass 

QHjCOOH 122.1 gmoL' 

(a) 6.82 mL (b) 13.6 mL (c) 17.6 mL (d) 35,2 mL 
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28. What mass of magnesium hydroxide is required to neutralise 
125 mL of 0.136 M HCl solution? 

Substance Molar mass 

Mg(OH )2 58.33 g mol”' 

(a) 0.248 g (b) 0,496 g (c) 0.992 g (d) 1.98 g 

29. In the titration of K 2 Cr 207 and FeS 04 , the following data is 
obtained; Vy mL of IM, K 2 Cr 207 requires V 2 niL of IM 2 
FeS 04 . Which of the following relations is true for the above 
titration? 

(a) 6 MyVy = M2V2 (b) MyVy = 6 M2V2 - 

(c) MyVy = M 2 V 2 ^ (d) 'iMyVy = AM 

[Hint; 

-4 K 2 SO 4 


K2Cr207 + 7H2SO4 + 6FeS04 


+ Cr2(S04)3 + '3Fe2(S04)3+7H20 


{K 2 Gr 207 ).= (FeS 04 ) 


MyVy 


M 2 F 2 


1 6 
6 M 1 F, =M 2 K 2 ] 
.M 


,M 


When 20 mL of — NaOH are added to 10 mL of — HCl, the 
10 10 
resulting solution will; 

(a) turn blue litmus red 

(b) turn phenolphthalein solution pink 

(c) turn methyl orange red 

(d) have no effect on either red or blue litmus 

.31. A sample of coconut oil weighing 1.5763 g is mixed with 25 
mL of 0.4210 M KOH. Some KOH is used in saponification of 
coconut oil. After the saponification is complete, 8.46 mL of 
0.2732 M H 2 SO 4 is required to neutralize excess KOH. The 
saponification number of peanut oil is; 

(a) 209.6 (b) 98.9 (c) 108.9 (d) 218.9 

[Hint: Number of milliequivalent of KOH added ‘ 

= 25x0.421 = 10.525 

Number of milliequivalents left unreacted 
= Number of milliequivalents of H 2 SO 4 used 
= 8.46 X 0.2732 x 2 = 4.623 (Here, basicity of H 2 SO 4 = 2) 
Number of milliequivalents of KOH used by oil 

= 10.525-4.623 = 5.902 

5.902 X 56 


M,-' 


4'KOH used = - 


1000 


^ 0.3305 g = 330.5 mg 


Saponification number = Mass of KOH in mg used by 1 g oil or 
fat 

.^ 1 ^ = 209 , 6 ] 

1.5763 

32. 12.5, mL of a solution containing 6 g of a dibasic acid in one 
litre was found to be neutralized by 10 mL of a decinormal 
solution of NaOH. The molecular mass of the acid is; 

(a) 110 (b) 75 (c) 120 (d) 150 

[Hint: N ,F, (acid) = A'jF, (base) 


Ny xl2.5 = 


— xlO 
10 


33. 


34. 


Strength = N x Ew 

6 = —X Ew 
12.5 


Ew-- 
Molar mass = 


75 


35. 


: Equivalent mass x Basicity 
= 75x2 = 150] 

20 mL of O.IM H 3 BO 3 solution on complete neutralisation 
requires jc mL of 0.05 M NaOH solution. The value of will 
be; 

(a) 20 mL (b) 40 mL (c) 120 mL (d) 80 mL 
[Hint: Boric acid is monobasic acid. 


H 3 BO 3 + NaOH ■ 
MyVy 


>Na[B(OH)4] 


n 


1 

0 . 1 x 20 


..Ml 

>h 

0.05 XX 


1 


- X = 40 


The ammonia evolved from the treatment of 0.30 g of an 
organic compound for the estimation of nitrogen was passed 
in 100 mL of 0.1 M sulphuric acid. The excess of acid 
required 20 mL of 0.5 M sodium hydroxide solution for 
complete neutralization. The organic compound is: 

(a) acetamide (b) benzamide (c) urea, (d) thiourea 


[Hint: H 2 SO 4 + 2KOH 


W,F, 


■(excess H 2 SO 4 ) 

0.1 xF| 
1 


—> K2SO4 + 2H2O 
M,F, 


-(KOH) 


0.5 X 20 


2 

F| = 50 mL 

Volume of sulphuric acid used up to absorb NH 3 = 50 mL 

2.8 xMF 2.8x0.1x50 ^ 

%N = -=-= 46.6 

W 0.3 

Thus, the organic compound will be urea, which has 46.6% 
nitrogen.] 

A solution contains Na 2 C 03 and NaHCOj; 10 mL of this 
solution required 2.5 mL of 0.1 M H 2 SO 4 for neutralisation 
using phenolphthalein indicator. Methyl orange is added after 
first end point, further titration required 2.5 mL of 0.2 M 
H 2 SO 4 . The amount of Na 2 C 03 and NaHC 03 in 1 litre of the 
solution is: 

(a) 5.3 g and 4.2 g (b) 3.3 g and 6.2 g 

(c) 4.2 g and 5.3 g (d) 6.2 g and 3.3 g 


36. Mn 04 ions are reduced in acidic condition to Mn‘ 


10 ns 

The 

ions 


whereas they are reduced in neutral condition to MnO, 
oxidation of 25 mL of a solution X containing 
required in acidic condition, 20 mL of a solution Y containing 
Mn 04 ions. What volume of solution Y would be required to 

oxidise 25 mL of solution X containing Fe^ * ions in neutral 
condition ? 

(a) 11.4 mL 
(c) 33.3 mL 
(e) 25 mL 


A', =- 


12.5 


(b) 12 mL 
(d) 35 mL 
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[Hint: 

Acid medium 


+ 5Fe^^ + 4H,0 


Af|K| _ M2V2 




M-, 




Neutral medium 

Mn 04 + + 4H^-> Mn02+ 3Fe^+ + 2 H 2 O 

AfiK, _ M2V2 

Ki=33.3mL] 




1 . 

(d) 

2. 

(c) 

3. 

(a) 

4. 

(a) , 

5. 

(a) 

6. 

(b) 

7. 

(c) 

8. 

(a) 

9. 

(a) 

10. 

(d) 

11. 

(b) 

12. 

(a) 

13. 

(a) 

14, 

(b) 

15. 

(b) ' 

16. 

(b) 

17. 

(b) 

18. 

(a) 

19. 

(b) 

20. 

(b) 

21. 

(b) 

22. 

(c) 

23. 

(c) 

24. 

(c) 

25. 

(a) 

26. 

(d) 

27. 

(a) 

28. 

(b) 

29. 

(a) 

30. 

(b) 

31. 

(a) 

32. 

(d) 

33. 

(b) 

34. 

(c) 

35. 

(a) 

36. 

(c) 
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m* Linked Comprehension Type Questions 



• Passage 1 

Pyrolusite, MnOi, is the main ore from which manganese is 
produced. The manganese content of the ore may be determined by 
reducing the A/nOj under acetic conditions to Mn^* with the oxalate 
ion, C 20 l~, the oxalate ion being oxidised to carbon dioxide during 
the reaction. The analytical determination is carried out by adding a 
known excess volume of oxalate solution to a suspension of the 
pyrolusite and digesting the mixture on a hot water bath until all the 
MnQ 2 has been reduced. The excess, unreacted oxalate solution is 
then titrated with standardised potassium permanganate, KMnOi, 
solution after which the manganese content of the ore can be 
calculated. 

A student prepared a standard solution of sodium Oxalate by 
weighing^'y^g of the^dry anhydrous salt, dissolving-itdn-dMtled-- 
water and making the solution up to 500 mL. 25 mL of the oxalate 
solution required 24.76 ml of KMnOn solution. 


Answer the following questions: 


1 . 


What is the equivalent mass of Mn 02 in the present titration? 


(a) 


M.w. 


(b) 


M.w. 


(c) 


M.w. 


(d) 


2M.W. 


2. How many moles of ions will be oxidised by 1 mole 

Mn 04 ? 

(a) 1/2 (b) 3/2 (c) 5/2 (d) 7/2 

3. '. Molarity of the. sodium oxalate solution is_ 

(a)-0.04776 (b) 0.07446 (c) 0.06447 (d) 0.07644 

4. What is the molarity of KMn 04 solution? 

(a) 0.04776 (b) 0.01929 (c) 0.038 (d) 0.028 

5. Role of KMn 04 in the given titration can be described as: 

(a) oxidising agent . . 

(b) reducing agent 

(c) indicator 

(d) oxidising agent and indicator 


• Passage 2 

For a series of indicators the following colours and pH range 


over which colour change takes place are as follows: 

Indicator 

Colour change over pH range 

U 

yellow to blue 

ipHQtol.C) 

V 

red to yellow 

(pH2.itoA\) 

w 

red to yellow. 

(p/74.2 to 5.8) 

X 

yellow to blue 

(p//6.0 to 7.7) 

Y 

colourless to red , 

(p//8.2 to 10) 


Answer the following questions: 

1 . Indicator V could be used to find the equivalence point for 0.1 
M acetic acid and 0.1 M ammonium hydroxide solution: 

(a) Tme (b) False 

2. Indicator V could be used to distinguish between the solutions 
of ammonium chloride and sodium acetate solution: 

(a) True (b) False 


3. _ Indicator X could be used to distinguish between the solutions 
of ammonium chloride and sodium acetate solution: 

(a) True . (b) False 

4. ' Indicator W would be suitable for use in the determination of 

the concentration of acetic acid in white vinegar by base 
titration: 

(a) True (b) False 

5. Indicator U could be iised to distinguish between 0.1 M and 
0.01 M solution of sulphuric acid: 

(a) True (b) False 

• Passages 

Chemists work with standardised solution, a solution whose 
concentration is known. The requirements to standardise the solution 
are: ' ^ . 

1 . the volume of the solution. 

2. the number of moles of solute in that volume. 

A primary standard solution is used in determining the molarity 
of a solution. To find the molarity of HCl, 0.317 g of Na 2 CO^,the 
primary standard dissolved in water, is used in titrating the solution^, 
of HCl 22.9 mL of acid are required to neutralise the sodium 
carbonate. This is the needed volume (first requirement). The 
stoichiometric equation is used to know the second requirement. 

2HCl(aq.) + NojCOfiaq.) - 4 INaCl + HjO + COj T 

Answer the following questions: 

1; What is the molarity of HCl in the above case? 

(a) 0.261 M (b) 0.522 /If (c)O.lM (d) 1 M 

2. Equivalent mass of Na 2 C 03 in the above equ&on will be: 

(a) 106 (b) 53 • (c) 26.5 (d) 13.25 

3. The suitable indicator in the above titration will be: , 

(a) phenolphthalein (b) methyl orange 

(c) litmus (d) bromothymol blue 

4. Solution of Na 2 C 03 in water will be: 

(a) acidic (b) neutral 

(c) basic ■ ■ (d) . cannot be predicted 

5. What fraction of Na 2 C 03 will be neutralised by HGl in 
presence of phenolphthalein indicator? 

(a) 1/3 (b) 2/3 (c) 1/2 (d) 1/4 

• Passage 4 

0.5g bleaching powder was suspended in water and excess KJ is 
added. On acidifying with dil. H 2 SO,^,l 2 was liberated■ which 
required 50mL ofN/lO hypo {Na2S20^ ■ 5H20)in presence of starch. 
The reactions involved are: 

I. CaOClj + HjSO^ -> CaS 04 + H 2 O + Cf 

II. IKI+Clj -> 2KCI + I 2 

III. 2Na2S202 + I 2 -> Na 2 Sfi(, + 2NaI 

Answer the following questions; 

1 ; In the reaction ( 1 ), which one is reduced? 

(alCaOClj , (b)H 2 S 04 

(c) Both (d) None of these 
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2. In the given titration, starch acts as: 

(a) oxidising agent (b) indicator 

(c) reducing agent (d) catalyst 

3. In reaction (II), Cl 2 acts as: 

(a) reducing agent 

(b) oxidising agent 

(c) indicator 

(d) both oxidising agent and indicator 

4. Percentage of available chlorine in bleaching powder is: 

(a) 35.5% (b)71% 

(c) 17.25% (d) 50% 

5. Starch forms iodo-starch complex in the given titration. The 
colour of the complex will be: 

(a) green (b) blue 

(c) pale yellow (d) milky white 


• Passages 

Hypo is the common name of sodium thiosulphate, with 
molecular formula Na 2 S 2 O 2 .lt is used as intermediate in iodometric 
as well as in iodimetric titrations. 

Iodine and chlorine react,with,hypo in different ways as follows: 


-4 2NaI + Na2S,^0(, 

—^So} + C/ +5 


2Na2S202 + ^^2 

a2(g)+S2ol- 

Suppose, 50 ml o/O.Ol MNa2S202 solution and 5 x lO""* mol of 
CI 2 are allowed to react according to, the above equation. Hypo is also 
used in photography to dissolve AgBr, forming a complex compound. 

lNa2S202 + AgBr -> Na 2 [^^( 5203)2 ] + NaBr 

Answer the following questions: 

1 . The balanced chemical reaction with CI 2 is: 

(a) CI 2 + 2 Na 2 S 203 -> 2NaCl + Na 2 S 40 g 

(b) CI 2 + H 2 O + Na2S203 -> Na2S04 + 2HC1 + S 


. 2 - 


sof + s + cr 


(c) Cl 2 (g) + S 20 ^ 

(d) none of the above 

2. Number of moles of S 2 O 3 ” present in the sample is: 

(a) 0.0005 (b) 0.01 

(c) 0.0025 (d) 0.02 

3. What is the molarity of Na 2 S 04 formed in the reaction 
between Na 2 S 203 and CI 2 ? 

(a) 0.08 M ' (b) 0.04 M 

(c) 0 . 02 M (d) 0.01 M 

4. The process of photography, in which Na 2 S 203 is used, is 
called: 

(a) developing (b) image fixing' 

(c) tonning (d) all of these 

5 . Oxidation state of silver in Na 3 [Ag(S 203 ) 2 ] is: 

(a) 0 (b) +1 

(c) +2 (d) -1 


• Passage 6 

Equivalent mass of a substance may be calculated as, 

■ _ . , Molecular mass .Atomic mass 

Equivalent mass = - =-- 

n-factor n-factor * 

n-factor = Basicity of acid or acidity of base 
n-factor —■ Number of moles of electrons gained or lost per mole 
of oxidising or reducing agents 
n-factor = Total positive or negative valency of a salt 
n-factor = Valency of an ion. 

Concept of n-factor is very important for redox as well as for non¬ 
redox reactions : 

- Answer the following questions: 

1. When KMn 04 is titrated against ferrous ammonium sulphate 
in acid medium then equivalent mass of KMn 04 will be: 
Molecular mass „ , Molecular mass 


(a)- 


10 


(b)- 


(c) 


Molecular mass 


(d) 


Molecular mass 


2 . 


3 2 

[Hint: 

Mn 04 + + 5e” -> Mn^'^ + 4 H 2 O n-factor = 5 ] 

Equivalent mass of ferrous oxalate FeC 204 in the following 
reaction is: 

FeC204 -^ Fe^"^ -I- 2 CO 2 


(a) 


(c) 


Molecular mass 

i ~ 

Molecular mass 


(b) 


(d) 


Molecular mass 


Molecular mass 


[Hint: Fe^^ 

C20r 


H- e- 

' 2 CO 2 + 


FeC204 


Fe^^ -t 2CO, -t 3e- 


H 3 PO 2 


n-factor = 3] 
when it undergoes 


3. Equivalent mass of 

disproportionation to PH 3 and H 3 PO 3 will be: 
(a)M.w./2 (b)M.w./4 (c)M.w./24 (d) 3M,w./4 

[Hint: H 3 PO 2 -t 4H^ -t 4e 


PH3 -t 2H2O 


n,=4 


H3PO2 + H2O 


H 3 PO 3 -h 2H^ -h 2e‘ n 2 = 2 


f ♦ n, X n 2 

n-tactor= —^- - 

/J; + n2 


2x4 
2 + 4 


4. 


* 4/4 3 M.w. 

E.w. = M.w./—=-1 

3 4 

BrOj ion reacts with Br' to form Br 2 , in acid mediurh. The 
equivalent mass of Br 2 in this reaction is: 

^ ^ 4M.W. „ ^ 3M.W. , ^ 5M.W. , „ 5M.w. 

(a)—-- (b)^— (c)—— (d)—— 


[Hint: 2 Br 03 -t 12H^ -t. 10e“ 


n-factor = 


2Br“ — 
n, x n 9 _ 10 x 2 _ 20 
n, -t- n2 10 -t- 2 12 


Br 2 + 6 H 2 O n, = 10 
Br 2 -t- 6e~ 02 = 2 


E.W. = 


M.w. 3M.W.. 


5/3 


5 
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Passage 1. 

1 . (b) 

2 . (c) 

3. (a) 

4. (b) 

5. (d) 

Passage 2. 

1 . (b) ■ 

• 2 . (b) 

3. (a) 

4. (b) 

5. (b) 

Passage 3. 

l..(a) 

2 . (b) 

3. (b) 

4. (c) 

, 5. (c) 

Passage 4. 

1 . (d) 

2 . (b) 

3. (b) 

4. (a) 

5. (b) 

Passage 5. 

1 . (b) 

2 . (a) 

3. (d) 

4. (b) 

5. (b) 

Passage 6 . 

1 - (b) 

2 . (c) 

3. (d) 

4. (b) 




Self Assessment 


ASSIGNMENT NO. 14 





SEeTION-I 


straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. For decolorisation of 1 mole of KMnO^, the moles of H,0 


3. 


required is: 

(a)- 

2 


4. 


5. 


2 

PVl \ 


(b)^ (c)| (d)-^ 


6. 


2 2 2 
If equal volume of 1 Af KMn 04 ' and 1 M K 2 Cr 207 solutions 
are allowed to oxidise Fe^"^ to Fe^* in acidic medium, then 
Fe^"^ will be oxidised; t ■ .’T id; 

(a) more by KMn 04 (b) more by KjCrjO, 

(c) equal in both cases (d) cannot be determined 
MnOj on reaction with cone. HCl liberates chlorine; the 
liberated chlorine on treatment with aqueous KI gives iodine. 
The iodine is neutralized by 40 mL of 0.1 N hypo solution. 
The reaction is: . ' 

2 Na 2 S 203 +12 - > 2NaI + Na 2 S 406 

The amount of Mn 02 used in the reaction is: 

(a)lOg (b) 0.174 g (c) ,1.74g (d) 0.0174 _g 

1.520 g of hydroxide of a metal on ignition gave 0.995 g of 

oxide. The equivalent mass of metal is: , 

(a) 1.52 (b) 0.995 (c) 190 (d)9 

Identify the incorrect statement regarding the volumetric 
estimation of FeS 04 : 

(a) KMn 04 can be used in aqueous HCl 

(b) K 2 Cr 207 can be used in aqueous HCl 

(c) KMn 04 can be used in aqueous H 2 SO 4 

(d) K 2 Cr 207 can be used in aqueous H 2 SO 4 

When one gram mole of KMn 04 is mixed with hydrochloric 
acid then, the volume of chlorine gas liberated at NTP will be: 
(a) 11.2 litre (b) 22.4 litre (c) 56 litre- (d) 44.8 litre 

[Hint: The reaction between KMn 04 and HCl may be given as: 

2 Mn 04 + lOCr + 16H+-> 2 Mn^+ + SClj + SHjO] 

0.7 g of Na 2 C 03 .xH 20 was dissolved in water to make 100 
mL solution, 20 mL of this solution required 19.8 raL of 0.1 W 
HCl for complete neutralisation. The value of x is: 

(a) 5 (b)2 

(c)3 (d)4 


10 . 


0.5 g of iinpure ammonium chloride was heated with ca ustic 
soda solution to evolve ammonia gas, the gas is absorbed in 
150 mL of M 5 H 2 SO 4 solution. Excess sulphuric acid^ 
required 20 mL of 1 iY NaOH for complete neutralization. The 
percentage of NH 3 in the ammonium chloride is; 

(a) 68 % (b) 34% (c) 48% (d) 17% 

One mole of a mixture of CO and CO 2 requires exactly 20 g of 
NaOH to convert all the CO 2 into Na 2 C 03 . Hbw many more_. 
grams of NaOH would it require for conversion into Na 2 C 03 
if the mixture (one mole) is completely oxidised to COj? 
(a)60g (b)80g (c)40g .(d)20g^ 

0.1 litre of O.OIM BCMn 04 is used by 100 mL of H 2 O 2 in 
acidic medium. Volume of same KMn 04 required in alkaline 
medium to oxidise 0.1 litre of some HjOj will be; 


, ,100 , 

(a)-mL 

3 


,,, 500 . 

(b)-raL 

3 


. . 300 ^ 
(c) -— mL 
5 


(d)-mL 

3 


SECTION- 


Midtipie Answers Type Objective Questions 
11. One mole of acidic KMn 04 reacts with: 


(a)- 


; mol of FeC .204 


(b)-molofS 02 


(d) 1 mol of H 2 SO 4 
(c) monobasic (d) aprotic 


(c) 4 mol of FeS 
!?.. Boric acid (H3BO3) is: 

(a) tribasic (b) dibasic 

13. 0.6 mol K 2 Cr 207 , in acid medium can oxidise: 

(a) 3.6 mol FeS 04 to Fe 2 (S 04)3 

(b) 0.1 mol FeS 04 to Fe 2 (S 04)3 

(c) 0.05moIofSn^^ toSn'** 

(d) 1 . 8 molofSn^+toSn^"^ 

14. Which of the following statement(s) is/are correct? 

(a) H 2 SO 4 and H 3 PO 3 both are dibasic 

(b) H 3 BO 3 and H 3 PO 4 both are tribasic 

(c) H3BO3 and H3PO2 both are monobasic 

(d) HNO 3 and HCl both are monobasic 

15. In the titration of CH 3 COOH against NaOH, we cannot use 
the: 

(a) methyl orange (b) methyl red 

(c) phenolphthalein (d) bromothymol blue 
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SECTION-IU 

Assertion-Reason Type Questions 

This section contains 3 questions. Each question contains 
Statement-1 (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 

(a) Statement-1 is true; statement-2 is true; statement-2 is a 
correct explanation for statement- 1 . 

(b) Statement-1 is true; statement-2 is true; statement-2 is not 
a correct explanation for statement- 1 . 

(c) Statement-1 is true; statement-2 is false. 

(d) Statement-1 is false; statement-2 is true. 

16. Statement-1: Equivalent mass of HjPOj is equal to its 
molecular mass. 

Because 

^ ^ StatemeutTZ: H3lLQ2is_a monobasioacid...____ 

17. Statement-1: When Na 2 C 03 is titrated against HCl in 
presence of phenolphthalein indicator, it is converted to NaCl. 

Because 

Statement-2: Phenolphthalein shows colour change in the pH 
range of (3.5—4.6). 

18. Statement-1: 1 mol of H 2 SO 4 is neutralised by 2 mol of 
NaOH; however, 1 equivalent of H 2 SO 4 is neutralised by 1 
equivalent of NaOH, 

Because 

Statement-2: Equivalent mass of H 2 SO 4 is half of its 
molecular mass, however, the equivalent mass of NaOH is 
equal to its molecular mass. 


p q r s 
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Match the Column-I with Column-II: 


Column-I 

(a) 10 volume HjOj 

(b) 20 volume H 2 O 2 

(c) 30 volume H 2 O 2 

' (d) 1 OF vdTuineTl202 


(hied..) 2(Ki'' 


Column-Il 

(p) Perhydrol 

(q) 5.358 N 

(r) 1.785 M 

1 ^ 113 %. 


Match the Column-I with Column-II: 


Columu-I 

(Add) 

(a) CH3COOH 

(b) H3PO4 

(c) H 2 SO 4 

(d) H3PO3 


Colunm-U 

(Information) 

(p) Tribasic 

(£■„ =M.w./3) 

(q) Dibasic reducing ■ 

(r) Dibasic 

(E„ = M.W./2) 

(s) Monobasic 
(£,, = M.w.) 


SECnOW-IY 

Matrix-Matching Type Questions 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, r and s) in Column-II. The answers to these 
questions have to be appropriately bubbles as illustrated in the 
following examples: 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correctly bubbled 4x4 matrix should be as follows: 


21. Match the Column-I with Column-II: 


Cdlumn-l 


Cotamu-II 

(Resdiou) 


(Eq^^eut mass 
of reactsui-t) 

(a) NH 3 — 

-^NOj 

(p) M.W./20 

(b) Fe2S3 - 

— > FeSO^ + SO 2 

(q) M.W./2 

(c) CaCOj 

4- 2HC1-> 

(r) M.W./8 

CaCl2 -1- H 2 O -t CO 2 


(d) CuS — 

C 11 SO 4 

(s) 50, 




1. (c) 2. (a) 3. (b) 

9. (a) 10. (b) 11. (a,b) 

16. (a) 17. ,(c) 18. (b) 

21 . (a-r) (b-p) (c-q,s) (d-r) 


4. (d) 5. (a) 

12. (c, d) 13. (a, d) 

19. (a-s) (b-r) (c-q) (d-p) 


6 . (c) 7. (b) 8 . (b) 

14. (a,c,d) 15. (a,b,d) 

20 . (a-s) (b-p) (c-r) (d-q,r) 










STOICHIOMGTRY 

(ChGmical FormulaG and Equations) 


In the discovery of a new chemical compound, the first question 
to answer is, what is the formula of the compound? The answer 
begins with stoichiometric calculation and analysis of the 
compound. . .. 

The percentage composition of a compound leads directly to 
its empirical formula. An empirical formula or simplest formula 
for a compound is the formula of a substance written with the 
smallest integer (whole number) subscripts. 

The molecular formula of a compound is a multiple of its 
empirical formula. 

Molecular mass = n x empirical formula mass. 

The calculations of empirical and molecular formulae are 
dealt in the very first chapter of this book. 

Stoichiometry: Quantitative Relations in Chemical 
Reactions 

Stoichiometry is the calculation of the quantities of reactants 
and products involved in a chemical reaction. 

It is based on the chemical equation and on the relationship 
between mass and moles. 

A chemical equation can be interpreted as follows: 

, N2(g)+3H,(g)->2NH3(g) 


(i) Calculations based on molc-molc relationship 

In such calculations, number of moles of reactants are given 
and those of products required. Conversely, if number of moles 
of products are given, then number of moles of reactants .ar.& 
required. 

:: :;S*|^SoME Solved ExAMPLEs\f2!:::: 

Example 1. Oxygen is prepared by catalytic 
decomposition of potassium chlorate {KCIO ^). Decomposition 
ofpotassium chlorate gives potassium chloride (KCl ) and oxygen 
(O2). How many moles and how many grams of KCIO^ are 
required to produce 2 A mole O 2? 

Solution; Decomposition of KCIO 3 takes place as, 

2Kei03 (^)-> 2KC1(^) + 3 O 2 (g) 

2 mole of KCIO 3 = 3 mole of O 2 
3 mole O 2 formed by 2 mole KCIO 3 

.'. 2.4 mole O 2 will be formed by x 2.4j mole KCIO 3 
= 1 .6 mole of KCIO 3 

Mass of KCIO3 = Number of moles x Molar mass 


1 molecule N 2 + 3 molecules H 2 ——> 2 molecules NH 3 

(Molecular interpretation) 
1 niol N 2 + 3 mol H 2 -> 2 mol NH 3 (Molar interpretation) 


28gN2 +6,gH2 
1 vol. N 2 + 3 vol. H 2 


-^34gNH3 
2 vol. NH, 


(Mass interpretation) 
(Volume interpretation). 


Thus, calculations based on chemical equations are divided 
into four types; 

(i) Calculations based on mole-Aiole relationship. 

(ii) Calculations based on mass-mass relationship. 

(iii) Calculations based on mass-volume relationship. 

(iv) Calculations based on volume-volume relationship. 


= 1.6x 122.5 = 196g 

lUUSWiM OPtbB)ECTiVE QUHSTIOWS . ' I 

1. One mole of calcium phosphide on reaction with excess of 
water gives: 

(a) three moles of phosphine 

(b) one mole of phosphoric acid 

(c) two moles of phosphine 

(d) one mole of P 2 O 5 
E\ns. (c)] 

[Hint: Ca 3 P 2 - 1 - bHjO-> 3 Ca(OH )2 - 1 - 2 PH 3 

1 mole of Ca 3 P 2 = 2 mole of PH 3 ] 
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2 . Mg(OH )2 in the form of milk of magnesia is used to neutralize 
excess stomach acid. How many moles of stomach acid can be 
neutralized by 1 g of Mg(OH) 2 ? (Molar mass of Mg(OH )2 
= 58.33) 

(a) 0.0171 (b) 0.0343 (c) 0.686 (d) 1.25 

[Ans. (b)] 

iHInt: Mg(OH )2 + 2HC1-> MgCl 2 + 

Number of moles of stomach acid neutralized 

= 2 X number of moles of Mg(OH )2 

= 2 X ^—= 0.0343] 

58.33 

3 . When a mixture of 10 moles of SOj and 16 moles of Oj were 
passed over a catalyst, 8 moles of SO 3 were formed at 
equilibrium. The number of moles of SOj and O 2 remaining 
unreacted were: 

(a)2,12 ... (b).12,.2 .. (c).3., 10 .(d)10,3 

.-[4ns.. -(a)] -------.- 

mint: 2 S 02 {g) + 0 ,(g) ^ 2 S 03 (g) 

«= 0 10 16 0 
^eq. (10-2x) ( 16 -x) 2 x 

2x = 8, i.e, X - 4 
Remaining SO 2 =10-8 = 2 mol 
Remaining O 2 =16-4 = 12 mol ] 

4 . Calcium carbonate decomposes on heating according to the 
following equation: 

CaC 03 (j) ^ Ca0(5) + C 02 (g) 

How many moles of CO 2 will be obtained by decomposition 
ofSOgCaCOj? 

(a) I (b)^ (c)i (d)l 

[4ns. (c)] 

iHint: 

Number of moles of CO 2 = Number of moles of CaCOj 

Mass _ 50 _ 1 ^ 

Molar mass 100 2 

5 . Sulphur trioxide is prepared by the following two reactions: 

$8(5) + 802 (g)-> 8 S 02 (g) 

2 S 02 (g) + 02 (g)-^ 2 S 03 (g) 

How many grams of SO 3 are produced from 1 mole of Sg ? . 
(a) 1280 (b) 640 (c) 960 (d) 320 

lAns. (b)] 

IHint: From the given reaction, it is clear that 1 mole of Sg will 
give 8 moles of SO 3 !' 

Mass of SO 3 formed = Numbar of moles x Molar mass 
= 8 x 80 = 640 g] 

(ii) Calculations based on mass-mass relationship 

In making necessary calculations, following steps are 
followed: 

(a) Write down the balanced chemical equation. 

(b) Write down the theoretical amount of reactants and 
products involved in the reaction. 

(c) Calculate the unknown amount of substance using unitary 
method. 


: : : ;;2I 1I56me solvedEMMPLE sX tSS;;:: 

Example!. Calculate the mass of (CaO) that can be 
prepared by heating 200 kg of limestone CaCO^ which is 95% 
pure. 

95 

Solution: Amount of pure CaC 03 = x 200 = 190 kg 

=190000g 

CaCO^(s) -> CaO(s) + C 02 (g) 

1 mole CaCOj = I mole CaO 
lOOgCaCOj =56gCaO 
100 g CaCOj give 56 g CaO 

190000 g CaCO, will give — x 190000 g CaO 
^100 


.=106400g = 106.4 kg 

Examples. Chlorine is prepared in the laboratoiy by 
treating manganese dioxide (MnOj ) with aqueous hydrochloric 
acid according to the reaction, 

MnO^ + AHCl -> MnCl^ + C/j + IHiO 

How many grams of HCl will react with 5 g Mn02 ? 

Solution: 1 mole of Mn 02 reacts with 4 mole of HCl 
or 87 g Mn 02 reacts with 146 g HCl 

.-. 5 g Mn 02 will react with — x 5 g HCl = 8.39 g HCl 

87 

Example 4. How many grams of oxygen are required to 
burn completely 570g 0 / octane? 

Solution: Balanced equation, 

2 C 8 H,g +25O2-> 16 C 02 +I8H2O 

2 mol 25 mol 
2x 114 25x32 


First method: Bor burning 2xll4g of octane, oxygen 
required 

= 25x32g 

For burning 1 g of octane, oxygen required = ^ g 

2x114^ 


Thus, for burning 570 g of octane, oxygen required 
25x32 

=- i-x 570g = 2000g 

2x114 


Mole method: Number of moles of octane in 570 grams 

= ^« = 5.0 
114 

For burning 2.0 moles of octane, oxygen required 
= 25 mol = 25 X 32 g 

For burning 5 moles of octane, oxygen required 
25 X 32 , „ 

=-X 5.0g = 2000 g 

2.0 

Proportion method: Let x g of oxygen be required for 
burning 570.0 g of octane. It is known that 2 .x 114 g of the octane 
require 25 x 32 g of oxygen; then, the proportion, 
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25 X 32 g oxygen _ x 
2x114 g octane 570.0 g octane 


X 


25x 32x 570 
2x114 


= 2000g 


Example 5. Calculate the number of grams of magnesium 
chloride that could be obtained from 17.0 g of HCl when HCl is 
reacted with an excess of magnesium oxide. 

Solution: Balanced equation, 

MgO+ 2HC1 - >MgCl2+H20. 

1 mol 2 mol^ [ 1 

(2>!36.5)g (24+71)g 

= ^3g =95g 

73 g of HCl produce MgClj = 95 g 
.1 g of HCl produce MgCl 2 = ^ g 

17 g of HCl will produce MgClj = x 17 g - 22.12g 

Example 6 . How many kilograms of pure H 2 SO^ could be 
obtained from 1 kg of iron pyrites (FeS 2 ) according to the 
following reactions? 

4FeS2 + 1 IO 2 -> 2Fe2<53 + 85 O 2 

2 SO 2 +02—^250^ 

SOi + H 2 O -^ H2S0^ 

Solution: Final balanced equation, 

4FeS2 +I 5 O 2 + 8 H 2 O-> 2 Fe 203 + 8 H 2 SO 4 

4 mol 8 mol 

4xt20g 8x98g 

4 X 120gof FeS 2 yield H 2 SO 4 = 8 x 98 g 

Q w no 

1000 g of FeS, will yield H 2 SO 4 = -x 1000 

^ ^ 4x120 

= 1.63 kg 

Limiting reagent: Limiting reactant or reagent is the 

reactant that is entirely consumed when a reaction goes to 
completion. Other reactants which are not completely consumed 
in the reaction are called excess reactants. 

OR 

The reactant which gives least amount of product on being 
completely consumed is called limiting reactant. 

Example 7. If 20 g of CaCOj, is treated with 20 g of HCl, 
how many grams of COj can be generated according to the 
following equation? 

CaCO ( 5 ) + 2HCl(aq .)->CaC /2 {aq .) + HjOil) + COj (g) 

Solution: 


CaO - 3 ( 5 ) + 2HCl(a^.) ■ 

1 ’ 2 mo! 

I ■ g 73g 


-4 CaCljCa^.) + H20(/) + C02(g) 

1 mol 
44g 


Li■' CaC 03 (s)be completely consumed in the reaction. 

/ 


V lOOgCaCOj give44gC02 

.-. 20 g CaC 03 will give ^ x 20 g CO 2 = 8.8 g COj 

Let HCl be completely consumed. 

V 73gHClgive44gC02 

20 g HCl will give ^ x 20 g CO 2 = 12.054 g CO 2 

Since, CaCOj gives least amount of product CO 2 , hence, 
CaCOj is limiting reactant. Amount of CO 2 formed will be 8.8 g. 

. Example 8. lOOg sample of calcium carbonate is reacted 
with 70 g of orthophosphoric acid. Calculate: 

(a) the number of grams of calcium phosphate that could be 
produced. 

{b) the number of grams of excess reagent that will remain 
unreacted. 

Solution: (a) The balanced equatlonTs: 

3 CaC 03 + 2H3PO4-> Ca3(P04)2 + SCOj +3H2O 

3 mol 2 mol 1 mol 

3(40+ 12 + 48) 2(3+ 31+ 64) .(3x40+ 2x 95) 

= 300g =196g =310g 

300 g of CaCOj produce Ca 3 (P 04)2 = 310 g or 1 mol 

100 g of CaCOj would produce 

310 

Ca3(P04)2 = —xlOO 
300 

= 103g 
= 0.33 mol 

196 gofH 3 P 04 produce Ca 3 (P 04)2 =310gorl mol 

70 g of H 3 PO 4 would produce Ca 3 (P 04)2 = x 70 

196 

■= 110.7 g or 0.356 mol 

The above values suggest that CaCOj is the limiting reagent. 
Hence, calcium phosphate formed is 103 g or 0.33 mole. 

(b) For producing 103 g of Ca 3 (P 04 ) 2 , H 3 PO 4 required will 
be 

196 

= —xl03 = 65.12g 
310 

Mass of remaining H 3 PO 4 = (70 - 65.12) = 4.88 g 

.Example 9. Ig 0 / Mg is burnt in a closed vessel which 
contains 0.5g of Oj ' 

(i) Which reactant is left in excess? 

(ii) Find the mass of the excess reactant. 

Solution: (i) The balanced equation is: 

2Mg + O 2 -> 2MgO 

2x24 2x 16 2(24 + 16) 

= 48g =32g =80g 

48 g of Mg require oxygen = 32 g 
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1 g of Mg requires oxygen = — = 0.66 g 

48 

But only 0.5 g oxygen is available. Hence, O 2 is a limiting 
agent and a part of magnesium will not bum. 

Magnesium will be left in excess. 

(ii) 32 g of O 2 react with magnesium = 48 g 

48 

0.5 g of O 2 will react with magnesium = — x 0.5 = 0.75 g 


Hence, the mass of excess magnesium 
= (1.0-0.75)= 0.25 g 
Exa^mple 10. The reaction, 

2C(s) + 0^(g) -^2CO(g) 

is carried out by taking 24 g of carbon and 96g O 2 . Find out: 
{a) Which reactant is in excess? ■ ' " 

HowTrmdr qf itiriefi? --’- 

(c) Tfow many moles of CO arcfomed? 

(d) How many grams of other reactant should be taken so 
that nothing is left at the end of the reaction? 

Solution: 2C(s) + O 2 (g)-> 2CO(g) 

2 mol 1 mol 2^mol 

24g 32g .^6g 

Let carbon be completely consumed. 

24 g carbon give 56 g CO 
Let O 2 is completely consumed, 

V 32 g O 2 give 56 g CO 

96 g O 2 will give — x 96 g CO = 168 g CO 
32 

Since, carbon gives least amount of product, i. e., 56 g CO or 2 
mole CO, hence carbon will be the limiting reactant. 

Excess reactant is O 2 . 

Amount of O 2 used = 56 - 24 = 32 g 
Amount of O 2 left = 96 - 32 = 64 g 
32 g O 2 react with 24 g carbon 
96 g O 2 will react with 72 g carbon. 

Thus, carbon should be taken 72 g so that nothing is left at the 
end of the reaction. 

miglK/lTflM OF OBiccnvE questiows 


6. 0.5 mole BaClj is mixed with 0,2 mole Na 3 P 04 ; the 
maximum number of moles of Ba 3 (P 04)2 that can be formed 
is: 

. (a)-0.7 (b)0.5 (c)0.2 (d)O.I 

[Ans. (d)] 

[Hint: 3BaCl2 + 2 Na 3 P 04 -> Ba 3 (P 04)2 + 6NaC! 

Number of moles of Ba 3 (P 04)2 formed by BaCL 

= -x0.5 = 0.166 
3 

Number of moles of Ba 3 (P 04)2 formed by 0.2 mole Na 3 P 04 

■ = 1 x 0,2 = 0.1 
2 


Thus, Na 3 P 04 will be limiting and actual amount of product will 
be 0.1 mole.] 

7. In the following reaction: 

4NH3(g) + 502 (g)-> 4NO(g) + 6H20(/) 

when 1 mole ammonia and 1 mole of O 2 are mixed, then the 
number of moles of NO formed will be: 

(a) 0:8 (b) 0.7 (c) 0.6 (d) 0.5 

. [Ans. (a)] 


8 . 


[Hint: 1 mole of NH 3 (on complete reaction) gives 1 mole NO. 


Similarly, 1 mole of O 2 (on complete reaction) gives — , i.e, 0.8 


mole NO. Thus, O 2 will be limiting reactant and actual amount of 
NO formed in the reaction will be 0.8 mole.] 

30 g Mg and 30 g O 2 are reacted and the residual mixture 
contains: 


(a) 60 g of MgG only- 

(b) 40 g of MgO and 20 g of O 2 

(c) 45 g of MgO and 15 g of O 2 

(d) 50 g of MgO and 10 g of O 2 
[Ans. (d)] 

[Hint: 2Mg(s) + 02 (g) 2MgO(g.).. - : 

2 mol 1 mol 2 mol 

2 X 24 g 1 X 32 g 2 X 40 g 


30 g Mg gives 



g MgO on complete reaction, 


i.e., 30gMg = 50gMgO 

30 g Oj gives X 3oj g MgO on complete reaction, 

i.e., 30gO2 = 75gMgO 

Mg is limiting reactant and MgO formed in the reaction will be 
50 g. 

Unreacted amount of O 2 = 30 - 20 = 10 g 
Mixture contains 50 g MgO and lOg Oj.] 

9. 254 g of iodine and 142 g of chlorine are made to react 
completely to give a mixture of ICl and ICI 3 . How many 
moles of each are formed? 

(a) 0.1 mole of ICl and 0.1 mole of ICl 3 

(b) 1 mole of ICl and 1 mole of ICl 3 

(c) 0.5 mole of ICl and 0.1 mole of ICl 3 

(d) 0.5 mole of ICl and 1 mole of ICl 3 
[Ads. (b)] 

[Hint: Both reactants are completely consumed, hence, both 
are limiting. 

I 2 + 2 CI 2 -> ICl + ICI 3 

254 g or I mole I, and 142 g or 2 mole Cl, will react to give 1 
mole ICl and 1 mole ICI 3 .] '' 

10. Magnesium hydroxide, Mg(OH )2 is the white misky substance 
in milk of magnesia. What mass of Mg(OH )2 is formed when 
15 mL of 0.18 MNaOH are combined with 12 mL of 6.14 M- 
MgCl,'? The molar mass of Mg(OH )2 is 58.3 g moP'. 

(a) 0.079 g (b) 0.097 g (c)0.16g ■ (d)0.31g 

[Ans. (a)] 
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[Hint: 


"MgCb 


%aOH 


MV 
1000 ' 
15x0.18 
1000 


12 x0.14_ 1 ^ 68 x 10-3 


1000 
: 2.7 X 10" 


NaOH will be limiting reagent because on complete consumption, 
NaOH gives least amount of Mg(OH) 

Mass of Mg(OH)2 = i x 2.7 x 10"^ x 58.3 = 0.0/9 g ] 

Calculations involving per cent yield 

In general, when a reaction is carried out in the laboratory we 
do not obtain actually the theoretical amount of the product. The 
amount of the product that is actually obtained is called the actual 
yield. Knowing the actual yield and theoretical yield the per cent 
yield can be calculated by the given formula: 

Actual yield 

.. Per cent yield = .. . xlQQ.. . 

__ T l ieor etical yie ld_ 

Example 11. For the reaction, 

CaO + IHCl -> CaCl^ + H^O 

1.23 g of CaO is reacted with excess of hydrochloric acid and 1.85 
gofCaCf is formed. What is the per cent yield? 

Solution: The balanced equation is: 

CaO + 2HC1-> CaCl 2 + H 2 O 

I 1 mol 

56g lllg 


56 g of CaO produce CaCl 2 = 111 g 

1.23 g of CaO produce CaC^ = — x 1.23 = 2.43 g 

56 

Thus, Theoretical yield = 2.43 g 
Actual yield = 1.85 g 
1 85 

Per cent yield = — x 100 = 76.1 
2.43 

Calculations involving per cent purity 

Depending upon the mass of the product, the equivalent 
amount of the reactant present can be determined with the help of 
a chemical equation. Knowing the actual amount of the reactant 
taken and the amount calculated with the help of a chemical 
equation the percentage purity can be determined. 

Example 12. Chlorine evolved by the reaction of d53\g 
of pyrolusite (impure) and excess of HCl is found to combine 
completely with the hydrogen produced by the reaction of\t)gof 
magnesium and excess of dilute hydrochloric acid. Find the 
percentage of purity ofMn 02 in the given pyrolusite. 

Solution: Mg+ 2HC1 -^MgClj+Hj 

^ ■ 24g (2x36.5)g 2g 

MnOj + 4Ha-> MnCl2 + Clj +'2H20 

87g ■ rig ■ 


H, +C1,->2HC1 

2g 71 g 

2 g of hydrogen obtained by using 24 g of Mg will combine 
completely with 71 g of chlorine produced from 87 g of pure 
Mn02. 


Thus, when 10 g of Mg are used, 

87 

the mass of the pure Mn 02 required is = — x 10 = 36.25 g 

So, 45.31 g of pyrolusite contain MnOj (pure) == 36.25 g 
100 g of pyrolusite contain Mn 02 (pure) 

= ^^x 100 = 80.00 g 
45.31 

.■. Percentage of purity = 80.00 

laUSlWUOWI OF OBJECTIVE QUiSnONS ^ 


11. C^HgOj + C4H6O3 -> C9H8O4 + C2H4O2 

Salicylic acid Acetic anhydride Aspirin Acetic acid 

(138,12gmor‘) (I02.09gnlor‘) (180.15 g mol"') (60.05 g mor* ) 


What is the percentage yield if 0.85 g of aspirin formed in the 

reaction of i_ _g of sallcylic^..a.cid,.,,wiffi^.excess.of acetic 

anhydride? 

(a) 65% (b)77% ■ (c) 85% (d)91% 

[Ans. (a)] 

[Hint: Mass of aspirin (theoretical) formed from 1 g salicylic 


acid = 


180.15 

138.12 


1.304g 


... Actual amount of product 

% yield =- - -X 100 

Theoretical amount of product 


0 RS 

= X 100 = 65%] 

1.304 

12. A sample of impure silver (1.5 g) is heated with sulphur to 
form Ag 2 S, The mass of AgjS formed was 0.124 g. What was 
the percentage yield of silver sulphide? 

(a) 6,41% (b)7.20% (c) 8.27% (d) 10,8% 

[Ans. (b)] 

[Hint: 2Ag +S->Ag 2 S 

2 mol ! mol 

2xl08=216g 248g 


Amount of AgjS that can be formed from 1.5 g silver 
248 

= —X 1.5 = 1.722 g . 

216 

0 124 

% yield of AgjS = -x 100 =7.2 ] 

1.722 

13. Magnetite, Fe 304 , can be converted into metallic iron by 
heating with carbon monoxide as represented by this equation: 
Fe 304 + 4CO- V 3Fe + dCOj 

How many kilogram of Fe 304 must be processed in this way 
to obtain 5 kg iron; if the process is 85% efficient? 

(Molar mass of Fe 304 is 232 g mol"',) 

(a) 6.92 kg (b) 8.12 kg (c) 20,8 kg (d) 24.4 kg 
[Ans. (b)] 


pint: 1 mole Fe 304 (232 g) = 3 mole Fe (168 g) 

232 

Amount of Fe 304 required for 5 kg iron =-x 5 kg 

168 

= 6.904 kg 
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Since, efficiency of the reaction is 85%, hence, the actual required 
4 will be 

100x6.904, . 1 

-kg, i.e, = 8.12 kg] 


amount of Fe 304 will be 


14. lodobenzene is prepared from aniline (CgHjNH,) in a two step 
process as shown here: 

C 4 H 5 NH 2 + HNO 2 + HCl-> CeHjNjCr + 2 H 2 O 

Cgl^NlCr + KI->QH5l + N2 +KCl 

In an actual preparation, 9.30 g of aniline was converted to 
12.32 g of iodobenzene. The percentage yield of iodobenzene 
is: 

(•a) 8 % (b) 50% 

(c)75% • (d)80% 

[Ans. (d)] 

[Hint: I mole of QHjNHj (123 g) e I mole of C 5 H 5 I (204 g) 


“ 9.3 g aniline-wiITgive- 


204 

T 23 


x-9:34g iodobenzene^ 


% yield: 


= 15.424 g iodobenzene 
Actual amount of product . 
Calculated amount of product 
12.32 


xlOO 


15.424 


xl00= 80%] 


15. Benzamide can be prepared by the action of concentrated 
ammonia upon benzoyl chloride. 

CgHjCOCl + 2NH3-> CftH5CONH2 + NH4CI 

Benzoyl chloride Benzamide 

In one, such experiment, 65 cc of concentrated ammonia (in 
excess) was reacted with 15 g of benzoyl chloride to give 
11.1 g of pure benzamide. Molar masses: benzoyl chloride 
(141); benzamide (121). The percentage yield of benzamide 
is: 


^x 100 

15 

(b) 

— X 100 

65 

(d) 

11.1x141 

-X 100 

121x 15 



(15~ ll.l) 
15 

KlOO 


m 

141 


(a) 

(c) 

(e) 


[Ans, 

[Hint: 

_ 121 

" 14I 


Actual amount of benzamide formed = 11.1 g 
Actual amount of product 


X lOO 


(e)] 

Amount of benzamide from 15 g benzoyl chloride 
xl5g. 


% yield : 


Calculated amount of product 
ll.lxlOO 11.1X141 


xlOO 


121 

141 


xl5 


I2lxl5 


XlOO] 


Analysis of mixtures; In such problems, one of the 
components is supposed to be x g and the other will be the 
difference from the total. Balanced chemical equations for the 
reactions of both the components are now written and the total 
amount of the common product produced by the components of 


the mixture is calculated. It is equated with the data given and the 
unknown factors are, thus, worked out, 

:: soLVEDEi yMPLEsMSi;;:: 

.Example 13. A solid mixture (5.0g) consisting of lead 
nitrate and sodium nitrate was heated below 600° C until the 
mass of the residue was constant. If the loss in mass is 28.Ope/' 
cent, find the amount of lead nitrate and sodium nitrate in the 
mixture. (!!T 1990) 

Solution: Let the amount of NaNOj in the mixture be = x. g 

The amount of Pb(N 03 ) 2 in the mixture = (5.0 - x) g 

Heat 


2 NaN 03 

(2 X 85) g 


2Pb{N03 )2 

(2x331)g 

. 662.B 


2NaNO, + 0, 


32 g 


Heat 


2PbO + 4 NO 2 + O 2 

(4x46)'g 32 g 


216g 


170gofNaNO3 evolve oxygen = 32 g 

32 

X g of NaNOj evolve oxygen = x x g 
662 g of Pb(N 03)2 evolve gases = 216g 

(50-x)gofPb(NO3)2 evolve gases = ^^x (5.0-x)g 

662 

.T, ,, '32 216 ,,,, , 

Total loss = — xx +-X (5.0- x) 

170 662 


Loss given in the problem = 


28 

100 


X 5 = 1.4 g 


32 216 ,,^ , 

-x +-(5.0-x)=1.4 

170 662 

On solving, x = 1.676 g 

Thus,. Mass of NaNOj = 1:676 g 

Massof Pb(N 03)2 =(5.0 -1.676) g = 3.324 g 
. . Example 14. 3.68 gofa mixture of calcium carbonate and 

magnesium carbonate when heated strongly leaves ' .92 g of a 
white residue. Find the percentage composition of the mixture. 
Solution: Let x g of CaC 03 be present in the mixture. 

The mass of MgC 03 ™ mixture = (3.68 - x) g. 

Heat 

CaCO,->CaO+C 02 . 

56 g - - 


100 g 

MgCOj 

84 g 


Heat 


-^tMgO+COj 
40 g 


56 X X ^ 40 X (3.68 - x) _ j 
100 


84 

On solving, x = 2 

Percentage of CaC 03 - 


•X 100= 54.35% 


3.68 

Percentage ofMgCOj = 100- 54.35 = 45.65% 
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Example 15. 0.5 g of a . mixture of K 2 CO^ and Li 2 CO^ 
required 30 ml of 0.25 N HCl solution for neutralization. What is 
the percentage composition of the mixture? 

Solution: Let the amount of K2'p03 be ‘x’ g. 

Amount of Li2C03 = (0.5 - x) g 

Number of equivalents = —-— + —— ... (i) 

138/2 74/2 


Number of equivalents of HCl used 


NV 

1000 


0.25 X 30 
1000 


= 7.5xl0‘^ 


Comparing'eqs. (i) and (ii), we get 
X = 0.48 g 

_Mass.oL-K^CO3-=-048^g-- 

Mass of Li 2 CO 3 =0.02g 

% K.CO, = — X100 = 96 
^ ^ 0.5 

“/oLi.CO, = ^xl00 = 4 
0.5 




(iii) Calculations based on mass-volume relationship 

In such calculations, masses of reactants are given and volume 
of the product is required and vice-versa. 

1 mole of a gas occupies 22.4 litre volume at STP mass of a 
gas can be related to volume according to the following gas 
equation: 

PV = nRT . 
w 

PV = ~RT 

m 

Example 16. What volume of M/j (g) at 21° C and 1 atm 
pressure will be obtained by thermal decomposition of 26.25 g 
NH^Cl? , - . 

Solution: Ammonium chloride undergoes decomposition 
as; 

NH4C1(s) -> NHjCg) + HCl(g) 

1 mol 1 mol 

53.5 g 1 mol 

V 53.5 gNH4Cl give 1 mol NH3 

26,25 g NH4CI will give x 26.25 mole NH, 

53.5 

= 0.5 mole 
PV = nRT 

lx F = 0.5x0.0821x300 
K= 12.315 litre 

Example 17. What quantity of copper(II) oxide will react 
with 2.80 litre of hydrogen at NTP? 


Solution: The balanced equation is: 

CuO + H2 -> Cu + H2O 

1 mol 1 mol 

79.5 g 22.4 litre at NTP 

22.4 litre of hydrogen at NTP reduce CuO = 79.5 g 
2.80 litre of hydrogen at NTP will reduce CuO 
79 5 

= X 2.80 g = 9.95 g 
22.4 

Example 18. Calculate the volume of carbon dioxide at 
NTP evolved by strong heating of 20 g calcium carbonate. 
Solution: The balanced equation is: 

CaC03 ^CaO+ COj 

1 mol 1 mol 

100 g =22.4 litre at NTP 

100 g of CaG03 evolve carbon dioxide = 22.4 litre 

- ■ 20-g-GaGO3WvilT©volve-earbon-diox4de---- 

22 4 

= —x20=4.48 litre 
100 

Example 19. Calculate the volume of hydrogen liberated 
at 21° C and 760 mm pressure by treating 1.2g of magnesium 

with excess of hydrochloric acid. - 

Solution: The balanced equation is: 

Mg + 2HC1-> MgCl2 + H2 

I mol 1 mol 

24g 22.4 litre at NTP 


24 g of Mg liberate hydrogen = 22.4 litre 

1.2 g Mg will liberate hydrogen == x 1.2 = 1.12 litre 

Volume of hydrogen under given condition can be calculated 
by applying 

PiVi ^ PiVi 

n Ti 


Pj =760 mm 
f = 273 K 
F, =1.12 litre 


P 2 - 760 mm 
r2 =(27 + 273)= 300K 
F, =? 


F2 = 


760x 1.12 300 

273 im 


1.2308 litre 


Example 20., A solid mixture (5g) consisting of lead 
nitrate and sodium nitrate was heated below 600° C until the 
weight of the residue is constant. If the loss in weight is 28%, find 
the amount of lead nitrate and sodium nitrate in the mixture. 

(HTi990) 

Solution: Loss in weight is due to formation of NO2 and O2 

gases (weight loss = —^ x 28 = 1.4 gl 
100 

Pb(N03 >2-^ PbO + NO, + O2 

(x-3,)g -- 

y& 


^ NaN02 + KO2 

(-3,6-» + >') (1.4-><) 


NaN03 

(5-x) 
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Number of moles of Pb(N 03 )2 = Number of moles of PbO 

--^31 223 

M.w.PbCNO-)^ s=331, M.w.PbO=223 




Number of moles of NaNO, =-Number of moles of NaNO, 


j. 

5-x _ 3.6-X+ y 


85 


69 


...(ii) 


Solving eqs. (i) and (ii), we get' 

Mass of PbCNOj)^ = X = 3.3246 g 

Mass ofNaNOj =5-3.3246= 1.6754 g 

(iv) Calculations based on volume-volume relationship 

These calculations are based on two laws: 

(i) Avogadro’s law (ii). Gay-L ussa c’s law _^_ 

For example: 

N 2 (g)+ 3 H 2 (g)-> 2 NH 3 (g') (Avogadro’s law) 

I mol 3 mol 2 mol 

1 X 22.4 L 3 X 22.4 L 2 x 22.4 L 


(under similar conditions of temperature and pressure, equal 
moles of gases occupy equal volumes) 

N2(g) + 3H2(g)->2NH3(g) , 

I vcl. 3 vol. 2 vol 

under similar conditions, ratio of coefficients by mole is equal to 
ratio of coefficient by volume. 


Volume of O 2 at NTP = 83.33 x 22.4 litre = 1866.592 litre 
21 litre O 2 is present in 100 litre air 
.•. 1866.592 litre O 2 will be present in x 1866.592 litre O 2 

= 8888,5 litre = 8.8885 x 10^ litre 


Example 23. What volume of oxygen gas at NTP is 
necessary for complete combustion of 20 litre of propane 
measured at21°C and 760 mm pressure? 

Solution: The balanced equation is: 

CjHg + 5O2-> 3CO2 + 4H2O 

\ vol. 5 vol. 

1 litre 5 litre 


1 litre of propane requires = 5 litre of oxygen 
20 litre of propane will require = 5 x 20= 100 litre of oxygen 
at 760 mm pressure.and 27° C... 


._ThisjH)lume_wilI.bexonv£rtedto.NIE.coiiditions_ 

Given conditions NTP conditions 


P] = 760 mm 
F, = 100 litre 
f =27 + 273 = 

Applying 


Pj = 760 mm 
)^ 2 =? 

300K , . 72=213 

m _P 2 V 2 


Tx - T 2 



7-60x100 273 

300 760 


91.0 litre 


Example 21. 1 litre mixture of CO and CO 2 is taken. This 
is passed through a tube containing red hot charcoal The volume 
now becomes 1 .6litre. The volumes are measured under the same 
conditions. Find the composition of mixture by volume. 

Solution: Let there be xmL CO in the mixture, hence, there 
will be (1000-x) mL COj. The reaction of CO 2 with red hot 
charcoal may be given as, 

C02(g) + C(s)->2CO(g) 

1 vol. 2 vol. 

( 1000 -x) 2 ( 1000 -X) 

Total volume of the gas becomes = x + 2(1000 - x) 
x+ 2000 - 2 x= 1600 

x = 400mL 


Example 24. One litre of oxygen at NTP is allowed to 
react with three times of carbon monoxide at NTP. Calculate the 
volume of each gas found after thereaction. 

Solution: The desired'equation is: 

2CO + O 2 - 2 CO 2 

, 2 vol. 1 vol. 2 vol. 

1 vol. of O 2 reacts with 2 vol. of CO 
or 1 litre of Oj reacts with 2 litre of CO 

Thus, 1 litre of CO remains unreacted. , 

1 vol. of O 2 produces CO 2 = 2 vol. 
or . 1 litre of O 2 will produce CO 2 = 2 litre 

Thus, gaseous mixture after the reaction consists 


.’.Volume of CO = 400 mL and volume of COj = 600 mL 

Example 22. What volume of air containing 21 % oxygen 
by volume is required to completely burn 1 kg of carbon 
containing 100 % combustible substances? 

Solution: Combustion of carbon may be given as, 

C(s) +02(g)-)C02(g) 

I mol I mol 
I2g. 1 mol 

12 g carbon requires 1 mole O 2 for complete combustion 
1000 g carbon will require — x 1000 mole Oj for 


Volume of CO = 1 litre 
Volume of CO 2 = 2 litre 

lUllMlDfJS OF OBliCriVE QUESTIONS 



16. 10 litre of O, gas is reacted with 30 litre of CO gas at STP. The 
volumes of each gas present at the end of reaction are: 

[CMC (VcUore) 20081 

(a) CO (10 litre), CO 2 (20 litre) 

(b) O 2 (10 litre), CO (30 litre) 

(c) CO (20 litre), GO 2 (10 litre) 

(d) O 2 (10 litre), CO 2 (20 litre) 

(e) O 2 (10 litre). CO (10 litre) 


combustion, i. e. ,83.33 mole O 2 





954 


G.R.B. Physical Chemistry For Competitions 


[Ans. 

[Hint; 


(a)] 


CO(g) + i 02 (g) ^ 


■ COj(g) 


t = Q 30 L 10 L 0 

After reaction (30 - 20)L 0 20 L] 

17. When 10 g of 90% pure limestone is heated, the volume of 
CO 2 (in litre) liberated at STP is: [JEE (WB) 20071 

(a) 22.4 litre - (b) 2.24 litre „ 

(c) 20.16 litre , (d) 2.016 litre 

[Ans. (d)] 

.90 


[Hint: Mass of CaCOj in the sample 1 = ) 0 x 


100 


:9g 


CaCOjCi) ■ 
1 mol 

100 g 


CaO(i) + COjCg) 
1 mol' 
22.4 L 


1’ 22 4 ) 

9 gm CaCO, will give | —^ x 9 litre of CO,, i.e, 2,016 litre 

^ ^ ( 100 j ^ 

ofCOj .] 

18 . 100 mL of PH 3 on heating forms P 4 and Hj, volume changes in 
the reaction is: (DPMI 2009) 

(a) an increase of 50 mL (b) an increase of 100 mL . 

(c) an increase of 150 mL (d) a decrease of 50 mL 
[Ans. (a)] 

[Hint: 4 PH 3 (g)^^P 4 (s)+ 6 H 2 (g) 


^3 
4 mol 
4 mL 


6 mol 
6 mL 


volume of H 2 produced by 100 mL PHj 
Thus, there is increase of 50 mL,] 


-xlOO =150mL 


MtscELLANEOiis Numerical Examples^ 






Example 1. Calculate the weight of CaO required to 
remove the hardness 0/1000000 litre of water containing 1.62 g 
of CaCO^ per litre. 

Solution: Mass of Ca(HC 03)2 in the water 
= 1.62x1000000 

= 1620000 g= 1620 kg 

Reaction involved in the removal of hardness may be given as, 

Ca(HC 03)2 + CaO-> 2 CaC 03 + HjO 

162 kg . 56 kg 

V 162 kg Ca(HC 03 ) 2 ,require 56 kg CaO, 

.-. 1620 kg Ca{HC 03)2 will require 560 kg CaO. 

Example 2. A mixture in which the mole ratio of H 2 and 
O 2 is 2 [ 1 is used to prepare water by the reaction, 
2H2{g)+02{g)^2M20{g) 

The total pressure in the container is O.S atm at 20° C before 
the reaction. Determine the final pressure at 120° C after reaction 
assuming W%yield of water. ■ (HT 1999) 

2 

Solution: 


.Po- 


X 0.8 = 0.533 atm 


^ '3 

.ZJ 12 


X 0.8 = 0.266 atm 

+ O, • 


After the reaction 


0.533 ' 

0.533 X 20 

100 

= 0,1066 


0.266 
0.266 X 20 

100 

= 0,0533 


A 2H2O 
0 

0.533 X 80 
100 ; 
= 0.4264 


Total pressure = 0.1066 + 0.0533 + 0.4264 = 0.5863 atm 
P, Pj 

Using Gay-Lussac’s law, ^ 

T, r. 


0.5863 _ i '2 


293 393 ■ ■ 

P 2 = 0.7864 atm 


• Example 3. An impure sample of calcium carbonate 
contains 80% pure calcium carbonate. 25 g of the impure sample 
reacted with h:cess of hydrochloric acid. Cdfculai^hevolumeof^ 
carbon dioxide at NTP obtained from this sample. 

Solution; 100 g of impure calcium carbonate contain 

= 80 g pure calcium carbonate 
25 g of impure calcium carbonate sample contain 

80 .,4 

=-X 25 

100 

= 20 g pure calcium carbonate 
The desired equation is: 

^ CaClj 


CaCOj + 2HC1; 

1 mol 
. lOOg 


+ CO2 +H2O 
22.4 litre 
at NTP' - 


100 g pure CaC 03 liberate = 22.4 litre CO 2 

22 4 

20 g pure CaC 03 liberate =-x 20 


100 

= 4.48 litre CO 2 

; Example 4. The weight of 1 litre sample of ozonised 
oxygen at NTP was found to he 1.5 g. When 100 mLof this mixture 
at NTP were treated with turpentine oil, the volume was reduced 
to 90 mL. Hence, calculate the molecular weight of ozone. 

Solution: Volume of ozone 

= volume absorbed in turpentine oil 
= 10mL 

Volume of oxygen = 90 mL 
10 


Mass of 100 mL mixture ■ 

On solving, we get M ■■ 
.-.Molecular mass of ozone 


22400 
^48 
:48 


■xM + ^ 


^x'32=0.15' 
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Example 5. A mixture of NaHCO^ and Na-fHO-^ weighed 
1.0235 g. The dissolved mixture was reacted with excess of 
Ba{OH )2 to form lAOligBaCO-^, by the following reactions: 

Na2C02 + Ba{OH )2 -> BaCO-^ + TNaOH 

NaHCO^ + Ba{OH )2 -> BaCO-^ + NaOH + H 2 O 

What was the percentage ofNaHCO^ in the original mixture? 
Solution: Let x g of NaHCOj be present in the mixture. 

Mass of Na 2 CO 3 in the mixture = (1.0235-x)g 

X 

(1.0235- x) 


x= 18.2 


Number of moles of NaHC 03 = ■ 


Number of moles of Na 2 C 03 = - 


Number of moles of BaCO, 


106 


= Number of moles of NaHCOj 
^^Numbeffff rnbre^ofNa 2 C 03 
2.1028 _ X ^ (1.0235-x) 

197 ~ 84 106 

x= 0.4122 

Amount.of NaHC 03 = 0,412.2 g .. 

04122 

Percentage of NaHC 03 = x 100 = 40.27 

^ 1.0235 

Example 6. A mixture of ethane and ethene occupies 40 
litre at 1 .00 atm and at 400 K. The mixture reacts completely with 
130g of O 2 to produce CO 2 and H 2 O.. Assuming ideal gas 
behaviour, calculate the mole fractions 0 /C 2//6 and in the 

mixture. (!IT 1995) 

Solution: Volume of the mixture at NTP 

40x 1 273 

=- X -= 27.3 litre 

400 1 


Let the volume of ethane = x litre 

Volume of ethene = (273 - x) litre 

Balanced equations: 

C 2 H 6 +7/2 O 2 


^ 2 C 02 +3H2O 


1 , vol. 


7/2 vol. 


C2H4 +3O2 


-+ 2CO2 + 2H2O 


1 vol. 


3 vol. 


Total volume of oxygen required for complete combustion of 
the mixture is: 


or 


-x+(27.3-x)x3 

2 

7x + (27.3-x)x6' 


litre 


litre 


Mass of oxygen = 


lx + (27.3 - x) X 6 


32 

22.4 


130=(x+ 163.8)x 


16 


18.2 


Hence, mole fraction of ethane = x 100 = 66.66 

27.3 

Mole fraction of ethene = 33 .34 

Example 7. A mixture of HCOOH and H 2 C 2 O 6 , is heated 
with concentrated H 2 SOH. The gas produced is collected and on 
treating with KOH solution, the volume of the gas decreases by 
V6th. Calculate the molar ratio of the two acids in the original 
mixture. (IIT1990) 

Cone. H 2 SO 4 

Solution: HCOOH-^ CO + H 2 O 


H2C2O4 
1 mol 


1 mol- Heat 

Cone. H 2 SO 4 


1 mol 


Heat 


^ CO + CO 2 + H 2 O 


1 mol 1 mol 

Let a moles of HCOOH and b moles of H 2 C 2 O 4 be present in 

the original mixture. - 

Moles of COTormed = a + h 
Moles of CO 2 formed =b 
Total moles of gases = a + b + b = a + 2b 
CO 2 is absorbed by KOH and the volume reduces by l/ 6 th. 


Moles of CO 9 


or 


or 


or. 


or 


a + 2b 
6 

ay 2b 


b = 

6 

a = 4h . 

- = 4 
b . 


a:h = 4:l 

Example 8. 3.6 g mixture of sodium chloride and 
potassium chloride is dissolved in water. The solution is treated 
with excess of silver nitrate solution -. 1 .lA g of silver chloride is 
obtained. Find the percentage of sodium chloride and potassium 
chloride in the mixture. 

, Solution: The balanced equation between NaCl and AgN 03 


is: 


NaCl+AgN 03 

1 mol 
58.5.g 


-+AgCl + NaN 03 

1 mol 
143.5 g 


Let X g of NaCl be present in the mixture. 

58.5 g NaCl produce = 143.5 g AgCl 
143 5 

X g NaCl will produce =-- x x g AgCl 

58.5 

The balanced equation between KCl and AgN 03 is: 

KCl + AgN 03 ->AgCl + KNO 3 

^ 1 mol 

V4.5g 143 5 g 

KCl present in the mixture = (3.60 - x) g 

74.5 g of Cl produce = 143.5 g of AgCl 

(3.6 - x) g of KCl will produce == ^ (3-6 - x) g of AgCl 

_ 143.5 ^ 143.5 ... , 

Thus, -X +-(3.6 - x) = 7.74 

58.5 74.5 


22.4 


58.5 
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A-=1.54 

% of NaCl = — X100 = 42.7 
3.60 


% of KCl : 


(3.60-1.54) 
3.60 ' 


X100 = 57.3 


Example 9. 5g of K 2 SO^ were dissolved in 250 ml of 
solution. How many mL of this solution should be used so that 
\.2gof BaSO^ may be precipitated from BaCl 2 solution? 
Solution; The desired equation is: 

^BaCl 2 + K 2 SO 4 —^83804 +'2KC1 

2x39 + 32 + 64 137 + 32 + 64 


= 174g =233g 


233 g of BaS 04 obtained from 174 gof K 2 SO 4 

174 

1.2 g of BaS 04 will be obtained from-x 1.2 

“ .233-". 

= 0.8961 g of K 2 SO 4 

5 g of K 2 SO 4 are present in 250 mL of solution 
So, 0.8961 g of K 2 SO 4 will be present in ^ x 0.8961 

= 44.8 mL of solution 


0.1468 litre of oxygen will be evolved =-x 0.1468 

67.2 

= 0.5352 g of KCIO 3 

Hence, KCIO3 left for eq. (ii) reaction, 

(1.00-0.5352)= 0.4648 g 
245 g KCIO 3 will yield KCl = 149 g 

0.5352 g KCIO 3 will yield KCl = ^ x 0.5352 g = 0.3254 g 

Considering eq. (ii), 

4 KCIO 3 -^ 3 KCIO 4 + KCl 

4(39 + 35.5 + 48) 3(39 + 35.5 + 64) (39 + 35.5) 

490 g 415.5 g 74.5 g 

490 g of KCIO 3 yield = 415.5 g of KCIO 4 

^04648-g-of-KC103-wilTyield-=^^^.x0.46^ —-- 

490 

= 0.3941 g of KCIO 4 
490 g KCIO 3 yield = 74.5 g of KCl 

0.4648 g of KCIO 3 will yield = — x 0.4648 

490 


Example 10 . A 2.00 g of sample containing Na2C02 and 
NaHCO^ loses 0.248g when heated to 300° C, the temperature at 
which NaHCOj decomposes into NaiCO-^, CO 2 and steam. What 
is the percentage ofNa 2 C 02 in the mixture? 

Solution: 2NaHC03-> Na2C03 + CO2 + HjO 

168g 44 IS 

62 g 

The loss comes due to evolution of CO 2 and steam. 

62 g loss occurs when the quantity of NaHC 03 is 168 g. 

0.248 g loss will occur when the quantity of NaHC 03 

= —X 0.248= 0.672 g 

62 ■ 

Quantity of Na 2 C 03 in the sample = (2.0 - 0.672) = 1.328 g 

1 378 

% of Na.CO, = X100 = 66.4 
^ ^ 2 

.'Example 11 . A l.OOg sample of KCIO^ was heated under 
.such conditions that a part of it was decomposed according to the 
equation, 

IKClOj -^ 2KCI + 3 Q 2 ■ ■ ■ (0 

and the remaining underwent change according to the equation, 
A'KClOj, -> 3 KC/O 4 + KCl ... (ii) 

If the amount of oxygen evolved was 146.8 mi at STP, 
calculate the percentage by mass of KCIO^ in the residue. 

Solution: 2 KCIO 3 -> 2KC1 + 3 O 2 

2(39 + 35.5 + 48) 2(39 + 35.5) 3 X 22.4 litre 

245 g , 149 g 67.2 litre 

67.2 litre of oxygen evolved from 245 g of KCIO 3 


= 0.0707gof KCl 

Total mass of residue = 0.3254 + 0.3941 + 0.0707 
= 0.7902 g 
0 3941 

% KCIO 4 = X 100 = 49.8 

0.7902 

Example 12. A mixture of FeO and Fe^O^ when heated in 
air to a constant weight gains 5% in its mass. Find the 
composition of the initial mixture. 

Solution: Let the % of FeO in the mixture be = x 

So, % of 86304 in the mixture = (100- x) 

FeO on heating is converted into 86303 . 

48e0+0,-^ 28 e ,03 

288 g 320g 

288 g of FeO yield = 320 g of 86303 
320 

X g of FeO will yield =-x g of 86303 

288 

286304 + - O2-^386303 

464g 2 480g 


464 g of 86304 yield = 480 g of 86303 

(lOO-x)g of FcjOj will yield = ^^(100 -x) of 86303 

464 

^70 4RO 

Total FejOj = TfY ;c + _^ (100 - x) 
288 464 


According to the question, 


320 

-X + 

288 


480 

464 


(100-x)=105 
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X = 20.2 

So, percentage of FeO = 20.2 

and percentage of Fe 304 = 79.8 

Example 13. A mixture in which the mole ratio of H 2 and 
O 2 is 2 :1 , is'used to prepare water by the reaction: 

2 H2(g)+02{g) - >2H20ig) 

The total pressure in the container is 0.8 atm at 20° C before 
the reaction. Determine the final pressure at 120°C after the 
reaction, assuming %0%yield of water. (IIT 1999) 

Solution: The given reaction is: 

2 H 2 (g) + 02 (g)-> 2 H 20 (g) 

Initial moles In n 0 

Final moles {In ^ 2x) («- x) 2x 

% yield = 80 

. — X 100=80 ■ . 

In 


X = 0.8 n 

After the reaction, 

Number of moles of H 2 = 2« - 2 x 0.8n = 0.4« 

Number of molesof O 2 = 0.2« 

Number of moles of H 2 O = 1. 6 n 

Total moles = 0.4n + 0.2« + 1.6« = 2.2n 
Initial state: PF = nRT 

0.8xV = 3nxRx293 ...(i) 

After the reaction, P xF= 2.2nx R x 393 ...(h) 

Solving eqs, (i) and (ii), we get 

P = 0.787 atm 



VQuestions^ 


1 . 500 niL of 0.25 MNa 2 S 04 solution is added to an aqueous 
solution of 15 g of BaCl 2 resulting in the formation of a white 
precipitate of insoluble BaS 04 . How many moles and how 
many grams of BaS 04 are formed? 

2. Zinc and hydrochloric acid react according to the reaction: 

Zn(s) + 2 HCl(a 9 .)-^ ZnCljCa^.) + H 2 (g) 

If 0.3 mole Zn are added to hydrochloric acid containing 0.52 
mole HCl, how many moles of H 2 are produced? 

3. Calcium carbonate reacts with aqueous HCl to give CaClj and 
CO, according to the reaction: 

CaCOjCs) + 2HCl(aq.)-> CaClzCaq.) + HjO + COjCg) 

What mass of CaCOj is required to react completely with 25 
mL of 0.75 M HCl? 

4. Calculate the mass of iron which will be converted into its 

oxide by the action of 18 g of steam, (MLNR 1996) 

5. How much potassium chlorate is needed to obtain 2.4 litre 
oxygen at NTP? 

6 . Calculate the volume of carbon dioxide obtained al NTP by 
heating 8,4 g of sodium bicarbonate. 

7. Calculate the volume of air needed for the combustion of 1 kg 
of carbon. 

pint: 100 . parts of air contain 21 parts of oxygen by volume.] 

8 . How many grams of oxygen will be formed by the action of 12 
g of sodium peroxide on water? Calculate also the volume of 
the gas at NTP. 

. 9. A gaseous compound of carbon and nitrogen containing 
53.8% by weight of nitrogen was found to have a vapour 
density of 25.8. What is the molecular formula of -the 
compound? 

10. Caic.'iate the weight of lime (CaO) that can be obtained by 
heating "’OC kg of limestone which is 93% pure. 

1 1 . How many moles of impure potassium chlorate of 75% purity 
are required to produce 4® g of oxygen? 


12. What weight of zinc will react with dil. sulphuric acid to 
liberate 1000 mL of hydrogen at 27°C and 750 mm pressure? 

13. 1.2 g sample of Na 2 C 03 and KjCOj was dissolved in water to 

form 100 mL solution. 20 mL of this solution required 40 mL 
of 0.1 N HCl for complete neutralization. Calculate the weight 
of Na 2 C 03 in the mixture. If another 20 mL of this solution is 
treated with excess of BaCl 2 , what will be the weight of the 
precipitate? (IIT 1997) 

14. Calculate the volume of air containing 21% by volume of 
oxygen at NTP required to convert 294 mL of SO 2 into SO 3 
under the same conditions. 

15. 4 g of an impure scmple of CaCOj on treatment with excess 

HCl produce 0.88 g CO 2 . What is the per cent purity of CaC 03 
sample? . 

16. What weight of AgCl will be precipitated when a solution 
containing 4.77 g of NaCl is added to a solution of 5.77 g'of 

■AgNOj? . 

pint: AgNOj is a limiting reagent in this problem.] 

17. 1.0 g of an alloy of aluminium and magnesium is treated with 
excess of dil. HCl. The evolved hydrogen .collected over 
mercury at 0°C has a volume of 1.20 litre at 0.29 atm pressure. 
Calculate the percentage composition of the alloy. 

18. How much iron can be theoretically obtained by the reduction 
. of L 0 kgofFe 2 O 3 ?(At.wt. ofFe=5Q 

19. 34 g of pure H 2 O 2 is decomposed. Calculate the mass and 
volume at N TP of oxygen that will be evolved. 

20. Find the percentage composition of iron and magnesium, 5.0 
g, which when dissolved in acid, gave 2,81 litre of Hj at NTP. 

21. Equal weights of Hg and iodine are allowed to react 

completely to form a mixture of mercurous iodide and 
mercuric iodide. Calculate the ratio of the masses of 
mercurous and mercuric iodides formed. (Hg = 201,1 = 117) 
pint: Hg + Ij -^ HgL; 

201 g 254 g . . 455 g 
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2Hg+ I, ;- >Hg2l2 

402 g 254 • 656 g 


Let the wt. of Hg 2 l 2 formed be x and Hgl 2 formed be y. 

402 254 

In the case of Hg 2 l 2 , Hg =-x, I 2 = — x 

656 


In the case of Hgl,, Hg = y, I, ■ 
455 


656 

254 

455 


So, 


402 201 254 254 

- X H-v =- X H - y 

656 455 656 455 


From this equation, x/y can be calculated.] 


22. A mixture of Nal and NaCl gave with sulphuric acid, Na 2 S 04 
equal in mass. to the original mixture taken. Find the 
percentage composition of the mixture. 

23. A mixture of calcium and magnesium carbonates weighing 1.4 
g was strongly heated until no further loss of weight was 
perceived. The residue weighed 0.76 g. What percentage of 
MgCOj was present in the mixture? 


s 



1 . 

0.072 mol, 16.8 g 

13. 

Na 2 C 03 

= 0.5962 g, K 2 CO 3 = 0.6038 g, BaCOj = 0.394 g 

2. 

0.26 . : 

14. 

700 mL 


3. 

CaCO3=0.94g- 

15. 

50% 


4. 

42 g ' 

16. 

AgCl = 

4.87 g . 

5. 

8.75 g 


A1 = 54. 

87%, Mg =.45.13% 

6 . 

1.12L' 

18. 

700 g 


7. 

8890 L . ■ . 

19. 

16g;ll 

.2 litre 

8 . 

2.462 g; 1.723 L 

20 . 

Fe = 69, 

,60%, Mg = 30.40% 

9. 

C 2 N 2 

21 . 

0.513 : 1 

10 . 

104.16 kg 

22 . 

Nal - 28.86%, NaCl = 71.14% 

11 . 

1.33 mol 

23. 

20.45% 


12 , 

2.245 g of zinc 
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Objective Questions 




Set-1 : Questions with single correct answer 

1. The fonnula which represents the simple ratio of atoms in a 
compound is called: 

(a) empirical formula (b) molecular formula 

(c) stractural formula (d) rational formula 

2. The empirical formula of a compound is CH. Its molecular 
weight is 78. The molecular formula of the corripound will be: 
(a) C 2 E 2 (b) C 3 H 3 (c) C 4 H 4 (d) C,H, 

3. An organic compound on analysis gave C = 5.45%, H = 9.1% 
by mass. Its empirical formula is: 

(a) CHO 2 (b) CH 2 O (c) C 2 H 4 O (d) C 3 H 4 O 

4. The chloride of a metal has the formula AfClj. The formula of 

its phosphate wilTbe:. 

(a) M 2 PO 4 (b) MPO 4 (c) M 3 PO 4 (d) M(P 04)2 

5. The formula of chloric acid is HCIO 3 . The formula for calcium 
chlorate is: 

(a) CaC 103 (b) CaCClOjlj 

(c) Ca 2 C 103 (d) Ga(G 103)3 

6 . An element A is tetravalent and another element B is divalent. 
The formula of the compound formed from these elements 
will be: 

(a) AjB (b) AB (c) AB^ (d) AjB^ 

7. A compound of aluminium and chlorine is composed of 9.0 g 
A1 for every 35.5 g of chlorine. The empirical formula of the 
compound is: 

(a) AiCl (b) AIGI 2 (c) AIGI 4 (d)- AlGlj 

8 . Two elements A (At. mass = 75) and B (At. mass = 16) 

combine to yield a compound. The % by mass of A in the 
compound was found to be 75.08. The formula of the 
compound is: (MLNR !‘>9I) 

(a) A 2 B ' (b) AB (c) AB 2 (d) ^ 2^3 

9 . On analysis, a certain compound was found to contain iodine 

and oxygen in the ratio of 254; 80. The formula of the 
compound is: (At. mass I = 127,0 = 16) 

(a) 10 (b) l 20 (c) I 5 O 2 (d) I 2 O 5 

10. The haemoglobin from red corpuscles of most mammals 
contains approximately 0.33% of iron by weight. The 
molecular weight of haemoglobin is 67,200. The number of 
iron atoms in each molecule of haemoglobin is: 

(a) 1 (b) 2 ^ (c) 3 (d) 4 

11 . 24.9 g of sodium thiosulphate (Mol. mass = 249) is weighed 
by a chemist. The moles of sodium thiosulphate he has 
weighed, are: 

(a) ^ (b) \ (c) I (d) 1 

10 3 2 ■ 

12. The mass of sulphuric acid needed for dissolving 3 .g 
magnesium carbonate is: 

(a) 3.:g (b) 7.0 g (c) 1.7 g (d) 17.0 g 

13. 10 mL oi _ solution of H 2 O 2 liberated 0.5 g of iodine from K1 
solution. The percentage of H 2 O 2 in the solution is; 

(a) 0.27 g (b)0.b7g (c)0.47g (d)0.87g 


14. The mass of GOj obtained when 60 g of calcium carbonate is 
treated with excess of hydrochloric acid is; 

(a) 30.0 g (b) 15.0g (c)13.2g (d)26.4g 

15. The % loss in mass after heating a pure sample of potassium 
chlorate (Mol. mass = 122.5) will be: 

(a) 12.25 (b) 24.50 (c) 39.17 (d) 49.0 

16. The volume of oxygen required for complete oxidation of 2.0 
litre methane at NTP is: 

(a) 2 litre . (b) 4 litre (c) 1 litre (d) 3 litre 

17. 3 volumes of hydrogen are required to combine with one 

volume of nitrogen to form 2 volumes of ammonia. When 1 
mole of hydrogen is allowed to react with the mole of 
nitrogen, the two gases: — 

(a) do-notxombine .. . . ^ -. .— 

(b) combine and both the gases are used up completely 

(c) 2/3 mole of nitrogen remains unreacted 

(d) some hydrogen remains uncombined 

18. The percentage of nitrogen in urea is about: 

(a) 38.4. (b) 46.6 (c) 59.1 (d) 61.3 

19. If a , mixture containing 3 moles of hydrogen and 1 mole of 
nitrogen is converted completely into ammonia, the ratio of 
initial and final volumes under the same temperature and 
pressure would be: 

(a) 3 : 1 (b) 1:3 (c) 2:1 (d) 1 :2 

20. The mass of residue left after strongly heating 1.3 8 g of silver 
carbonate will be; 

(a) 1.16 g (b) 1.33g (c)2.66g (d)1.08g 

21. The mass of oxygen with which 13.5 g of aluminium will 
completely react is: 

(a)4g (b) 8 g (c) 12 g (d) 16,g 

22. 1.6 g of an organic compound on combustion gave 4.4 g 

carbon dioxide. The % of carbon in the organic compound is: 
(a) 30 (b) 45 (c) 60 (d) 75 

23. At NTP, 10 litre of hydrogen sulphide gas reacted with 10 litre 
of sulphur dioxide gas. The volume of gas, after the reaction is 
complete, would be; 

(a) 5 litre (b) 10 litre (c) 15 litre (d) 20 litre 

24. A substance contains 0.25% iron by weight. The molecular 
mass of the substance is 89600. The number of iron atoms per 
molecule of the substance is: 

(a) 5 . (b) 4 (c) 3 . (d) 2 , 

25. The minimum amount of hydrogen required to reduce 7.95 g 
of GuO (Mol. mass = 79.5) will be: 

(a) 2 g ' (b) 4 g 

(c) 2240 mL at NTP (d) 22400 mL at NTP 

26. 2.0 g mixture of sodium carbonate and sodium bicarbonate on. 
heating to constant mass gave 224 mL of GO 2 at NTP. The % 
mass of sodium bicarbonate in the mixture is: 

(a) 50' (b) 54 (c) 80 (d) 84 

27. What volume of hydrogen at NTP will be liberated when 
3.25 g of zinc completely dissolve in dilute HGl? (At. mass of 
Zn = 65) 

(a) 1.12 litre (b) 11.20 litre 

(c) 2.24 litre (d) 22.40 litre 
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28. The volume of oxygen at NTP evolved when 1.70 g of sodium 
nitrate is heated to a constant mass is; 

(a) 0.112 litre (b) 0.224 litre(c) 22.4 litre (d) 11.2 litre 

29. 50 g limestone is- heated. The quantity of quicklime produced 
is: 

(a)56g (b)28g (c) 14g (d) 10 g 

30. Assuming that petrol is octane {CgH, 8 ) and has a density of 

0.8 g mL”', 1.425 litre of petrol on combustion will consume: 

(a) 100 mole of oxygen (b)^ 124 mole of oxygen 

(c) 150 mole of oxygen (d) 175 mole of oxygen 

31. 1 mole of calcium phosphide on reaction with excess of water 

gives: (FIT 1999) 

(a) 1 mole of phosphine 

(b) 2 mole of phosphine 

(c) 2 mole of phosphoric acid 

(d) 1 mole of phosphorus pentoxide 

32. Assuming folly decomposed, fhe volume of COy released at 

STP on heating 9.85 g of BaCOg will be: (Atomic mass of 
Ba = 137) ICBSE (PMT) 2004] 

(a) 0.84 L (b)2.24L (c) 4.06 L (d)1.12L 

33. MnOj” (1 mole) in neutral aqueous medium disproportionates 

to; (AilMS 2003) 

(a) 2/3 mole MnO^ and 1/3 mole MnOj 

(b) 1/3 mole MnO^ and 2/3 mole Mn 02 

(c) 1/3 mole Mn 207 and 1/3 mole Mn 02 

(d) 2/3 mole MnjOy and 1/3 mole of Mn 02 

34. 56 g of nitrogen and 8 g of hydrogen gas are heated in a closed 

vessel. At equilibrium 34 g of ammonia are present. The 
equilibrium number of moles of nitrogen, hydrogen and 
arnmonia are respectively: (KCET 2004) 

(a) 1 , 2,2 (b) 2 , 2,1 (c) 1 , 1,2 (d) 2 , 1,2 

35. If 30 mL of H 2 and 20 mL of O 2 reacts to form H 2 O, what is 

left at the end of the reaction? (.AFMC ? 0 t>; 

(a) 10 mLofH 2 (b)5mLofH2 

(c) 10 mL of O 2 (d) 5 mL of O 2 

Pint: H 2 {g) + i O^ig) -> H20(g) ] 

Initially 30 20 • ® 

After the reaction 0 (20 -15) 30 

36. For the formation of 3.65 g of hydrogen chloride gas, what 

volumes of hydrogen gas and chlorine gas are required at NTP 
conditions? [PMT (Kerala) 2005] 

(a) 1.12 L, 1.12 L (b) 1.12 L, 2.24 L 

- (c) 3.65 L, 1.83 L (d) 1 L, 1 L 

37. An alkaloid contains 17.28% of nitrogen and its molecular 

mass is 162. The number of nitrogen atoms present in one 
molecule of alkaloid is: (PMT (Kerala) 2005] 

(a) five (b) four ' (c) three (d) two 

38. X gm of CaC 03 was completely burnt in air. The weight of the 
solid residue formed, is 28 g. What is the value of ‘x’ in grams? 

(EAMCET2005) 

(a) 44 (b)200 (c) 150 (d) 50 

39. Sodium bicarbonate on heating decomposes to form sodium 

carbonate, CO 2 and water. If 0.2 mole of sodium bicarbonate 
is completely decomposed, how many mole of sodium 
carbonate is formed? [CET (J&K) 2006; SCRA 2009] 


(a) 0.1 (b)0.2 . (c)0.05 (d) 0.025 

[Hint: The reaction involved is : 

2NaHC03(s) ^ Na2C03(5) + COj(g) + .H20(/) ] 

40. One mole of acidified K 2 Cr 207 on reaction with excess of KI 

will liberate .... moles ofl 2 . (PET (Kerala) 2006] 

(a) 6 (b)l (c)7 (d)3 

[Hint: CT20f' + WH-" + 6r-> 2Cr^ - 1 - SIj -i- 7 H 2 O] 

41. The decomposition of a certain mass of CaCO- gave 11.2 dm^ 
of CO 2 gas at STP. The mass of KOH required to completely 
neutralise the gas is: 

[KCET 2006; Indraprastha (Engg.) 2007] 
(a)56g (b) 28g (c)42g (d) 20 g 

42. At r K, 100 lifte of dry oxygen is present in a sealed container. 
It is subjected to silent electric discharge, till the volumes of 
oxygen and ozone become equah What is the volume (in litr^ 

■ ofozone formed at r K? [EAMCET (Engg.) 2006] 

(a) 56L ^ (b) M L “(c) 30lL ld)40'L 

pint: 3 O 2 - > 2 O 3 

/ = 0 100 0 

After the reaction 100-3x 2x 

100 - 3x = 2x or X = 20 

Volumeof ozone = 2x = 40 L]- .. 

43. In the reaction, 

2Al(s) + 6HCl(a^.)-> 2Al^* (aq.) + 6Cr (aq.) + 3H2(g): 

(AlEfiE 2007) 

(a) 11.2 L H 2 (g) at STP is produced for every mole of 
HCl(ag.) consumed 

(b) 6 L HCl ( aq. ) is consumed for every 3 L H 2 (g) produced 

(c) 33.6 L H 2 (g) is produced regardless of temperature and 
pressure for every mole of A1 that reacts 

(d) 67.2 L H 2 (g) at STP is produced for every mole of Al that 
reacts 

44. The weight of iron which will be converted into its oxide 
(Fe 304 ) by the action of 18 g of steam on it will be: 

(Atomic mass of Fe = 56) [CMC (Vellore) 2007] 

(a)168g (b)84g (c)42g {d)21g 


45. 


pint; 3Fe(s) + 4 H 20 (g) Fe 304 (s) + 

3 mol 4 mol 
3x56 4 x18 
= 168g =72g 

72 g steam reacts with 168 g of iron 
.‘. 18 g steam will react with 42 g of iron,] 

Match the following; 

List-I ' List-ll (at STP) 


(A), 10 g CaCO, —- 3 

•Deeon^sition 


(B) l.OegNajCOj 


Excess HCI 
-^ 


(i) 0.224 LCO 2 

(ii) 4.48 LCO 2 

(iii) 0.448 L COj 


■ (C) 2.4 gC 


Excess O 2 

- y 

Combustion 


(iv) 2.24 LCO 2 


(D) 0.56 g CO 


Excess 0-2 

-> 

Combustion 


(v) 22.4 L CO, 
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""he correct match is: 

[EA; 

VTCET (t 

>,gg.' 2008! 


A 

B 

C 

D 

(a) 

(iv) 

(i) 

(ii) 

(iii) 


(v) 

(i). 

(ii) 

(iii) 

(c) 

(iv) 

(i)f' 

(iii) 

(ii) 

(d) 

(i) 

(iv) 

(ii) 

(iii) 

[Hint: (A) CaCOj — 

CaO + CO 2 




100 g 

22.4 L 




lOg 

2.24 L 



(B) Na2C03 + 2HC1 — 

-4 2NaCl + H.O + CO, 


1 mol (106 g) 


22.4 L 


1.06 g 



0.224 L 


(C) 

C + Oj — 

—> CO-5 




12 g 

22.4 L 




2.4 g 

4.48 L 



(D) 

CO + - 0 ,— 

CO, ] 



28 g 2 

22.4 L 




0.56 g 

0.448 L 



Fe^^ — 

—^ Fe^ + 6 , MnO^ + 5e — 


the ratio of 

stoichiometric coefficieni 

: of Fe^ and Mn 04 is: (1 

2PM r 2008) 

(a) 1:5 

(b) 5 : 1 

(c) 2 : 3 

(d)6 

: 1 . 

What volume of oxygen 

gas (O 2 ) measured at 0°C and 1 atm. 

is needed to bum completely IL of 

propane 

gas (C 3 H 8 ) 

measured under the same conditions ? 





iC.BSE-PMT 

(.Pre.) 2008! 

(a).5L 

(b) 10 L 

(c)7L 

(d)6 

L 


[Hint: CjHgfe) + SO^fe) -> SCO^fe) + 4H20(g) ] 

1 vol. 5 vol, 3 vol. 4 vol. 

IL 5L 3L 4L 

48. How many moles of lead (II) chloride will be formed from a 
reaction between 6.5 g PbO and 3.2 g HCl ? 

jCBSK-PMT (Pre.) 2008! 

(a) 0.011 (b) 0.029 (c) 0.044 (d) 0.333 

[Hirit: «pbo “ = 0.029; «hq = = 0.087 

224 .JO.5 

The reaction is, 

PbO+ 2HC1-> PbCl 2 + H 2 O 

PbO will be limiting reagent because on complete consumption, it 
gives least amount of product, i.e., 0.029 mol PbCH.] 

49 . 1 mole of methylamine on reaction with nitrous acid gives at 
NTP: 

(a) 1 litre of nitrogen (b) 22.4 litre of nitrogen 

(c) 11.2 litre of nitrogen (d) 5 .6 litre of nitrogen 

[Hint; CHj —NH 2 + HONO-> CH 3 ~-OH +N, + HjO] 

1 mol 22.4 litre 

atSTP 

50. The value ofin the reaction : 

Cr20^“ + 14H^ + -> 2Cr^-" + nFe^-" + 7 H 2 O 

will be: IPET (MP) 2008! 

(a) 2 (b) 3 (c) 6 (d) 7 

51 . In the complex with formula MCI 3 • 4 H 2 O, the coordination 

number of the metal M is six and there is no molecule of 
hydration in it. The volume of 0.1 MAgN 03 solution needed to 
precipitate the free chloride ions in 200 mL of 0.01 M solution 
of the complex is: IPM'i’(Kcvaln) 2 D!So( 


■ (a) 40 mL (b) 20 mL (c) 60 mL (d) 80 mL 
[Hint: The complex will be [M(H 20 ) 4 Cl 2 ]Cl, the complex will 
have free chloride ion concentration of (0.01 M). 

1 Cr + lAgNOj -> AgCl + NO 3 

M.V, M-y-s 0.01x 200 O.IXL 2 

—!—t ^ or -=-^ 

Ilf n, 1 1 


P 2 = 20 mL ] 

52. 1.5 g CdClj was found to contain 0.9 g Cd. Calculate the 
atomic weight of Cd. lEAMCET (Engg.i 7.0095 

(a) 118 (b)112 (c) 106.5 (d) 53.25 

[Hint: 0.6 g chlorine combines with 0.9 g Cd 

09 

.'. 71 g chlorine will combine with — x 71 g Cd, i.e, 106.5 g Cd 


.'. Atomic weight of Cd = 106.5 ] 

53. 10 g of hydrogen and 64 g of oxygen were filled in a steel 

vessel and exploded. Amount of water produced in this 
reaction will be : {.\iPMT 2009) 

(a) 1 mol (b) 2 mol (c) 3 mol (d) 4 mol 
[Hint: 10 g , i.e., 5 mol is mixed with 64 g O,, i.e., 2 mol 

2 H 2 (g)+ 02 (g)—4 2 H 20 (g) 

2 mol 1 mol 2 mol 

Case I : Let Hj is completely consumed - — 

2 mol gives 2 mol H 2 O 
.’. 5 mol gives 5 mol H 2 O 

Case II: Let Oj is completely consumed 

1 mol O 2 gives 2 mol H 2 O 
.’. 2 mol Oj gives 4 mol H 2 O 

Since O 2 gives least amount of product on complete consumption 
hence it is limiting reagent and amount of H 2 O fonned will be 4 
mol.] 

54 . In an experiment, 4 g of Af oxide was reduced to 2.8 g of 

the metal. If the atomic mass of the metal is 56 g mofi', the 
number of oxygen atoms in the oxide is: (.AFMC 20101 

(a)l (b)2 (c)3 (d)4 

55 . A vessel fitted with a weightless, frictionless piston of 0.025 

m^ area contains cone. HCL The piston moved 1 m outward 
when 0.075 kg of iron fillings were added at 300 K. The 
solution left behind was found to contain Fe(II). The 
approximate purity of the iron sample is: (1S.4T 2010) 

(a) 50% , (b)75% (c)90% (d) 40% 

[Hint: Volume of H 2 gas produced = 0.025 x 1 = 0.025 m^ 

= 25L 

PV = nRT 


1x25 = nx 0.082x300 
”h, “ 1.016 
The reaction involved is : 

Fe + 2HC1-> FeCl, + H, t 

Thus, number of moles of iron will be 1.016. 
i.e.. Mas iron is 1.016x 56 i.e., 56.896 g 
56.896 


% purity of iron sample = 


75 


- X 100 = 75%] 


56. The reaction of calcium with water is represented by the 
equation: 

Ca + 2 H 2 O-> Ca(OH )2 + Hj t 
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What volume of H, at STP would be liberated when 8 g of 
calcium completely reacts with water? (AlUVIS 2010) 

(a) 0.2 cm^ (b) 0.4 cm^ (c) 224 cm^ (d) 4480 cm^ 

57. What volume of hydrogen will be liberated at NTP by the 
reaction of Zn on 50 mL dilute H,S 04 of specific gravity 1.3 
and having purity 40%? ' [BHII (Mains) 2010| 


(a) 3.5 litre (b) 8.25 litre (c) 6.74 litre (d) 5.94 litre 

[Hint: Mass of HjS 04 = == 26 g 

^ ^ 100 

Zn + H,S 04 -J ZnS 04 + H, 

Volume of H, at NTP = — x 26 = 5.94 litre] 

98 


: OBJECTtVE QUESTIONS 


1. 

(a) 

2. (d) 

3. 

(c) 

4. (b) 

5. 

(b) 

6. (c) 

7. 

(d) 

8. 

(b) 

9. 

(d) ; 

10. (d) 

11. 

(a) 

12. (a) 

13. 

(b) 

14. (d) ■ 

15. 

(c) 

16. 

(b) 

17. 

(c) 

18. (b) 

19. 

(c) 

20. (d) 

21. 

(c) 

22. (d) 

23. 

(a) 

24. 

(b) 

25. 

(c) 

26. (d) 

27, 

(a) 

28. (b) - 

29. 

(b) , 

30. (a) 

31. 

(b) 

32. 

(d) 

33. 

(a) 

34. (c) 

35. 

(d) 

36. (a) 

37. 

(d) 

38. (d) 

39. 

(a) 

40. 

.(d) 

41. 

(b) 

42. (d) / 

43. 

(c) 

44. (c) 

45. 

(a) 

'46. (b) 

47. 

(a) 

48. 

(b) 

49. 

(b) ■ 

50., (c) 

51. 

(b) 

52. (c) 

53. 

(d). 

54. (c) 

' -55. 

(b) 

56. 

(d) 


57. (d) 
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#Objective Queshons ]fi>r[ IIT ASPIRANTS 


The following questions contain single correct option: 


1 . 


2 . 


3. 


What mass of Mg(OH )2 is required to neutralize 125 mL of 
0.136 Mhydrochloric acid solution? 

Molar mass of Mg(OH )2 = 58.33 g moP'. 

(a) 0.248 g (b) 0.496 g (c) 0.992 g (d)1.98g 


[Hint: Mg(OH )2 + 2HC1 — 

Number of moles of HCl ^ 


MgClj + 2 H 2 O 
MV 0.136x125 


1000 1000 
2 mole HCl is neutralized by 58.33 g of Mg(OH )2 

50 33 

0.017 mole HCl will be neutralized by—^ x 0.017 g of 


= 0.017 


Mg(OH )2 

= 0.496 g] 

Calculate the mass of ammonia that can be produced from the 
decomposition of a sample of (NH 4 ) 2 PtCl 5 containing 0.1 g Pt: 
Molar mass of (NH 4)2 PtClg is 443,9 g mol"'. 

(a) 0.0811 g (b) 0.0766 g (c) 0.0175 g (d) 0.00766 g 
Consider the following data: 

Element Atomic mass 

A 12.01 

B 35.5 

A and B combine to form new substance AT. If 4 moles of B 
combine with 1 mole of A to give 1 mole of X, then weight 
of one mole of X is: 

(a)154g (b)74g (c)47.5g (d) 166g 

[Hint: A + 4B - > X 

Molar mass of AT = 12.01 + 4 x 35.5 = 154 g mor‘ ] 

Chlorine can be prepared by reacting HCl with Mn 02 . The 
reaction is represented by this equation: 

MnOzCi) + 4HCl(a^.) —^ CljCg) + MnCljla^.) + 2H20(1) 
Assuming the reaction goes to completion, what mass of 
concentrated HCl solution (36% HCl by mass) is needed to 
produce 2.5 g of CI 2 ? 

(a) 5,15 g (b)14.3g (c)19.4g (d)26.4g 

What volume of 3 M Na 2 S 04 must be added to 25 mL of 1 M 
BaClj to produce 5 g BaS 04 ? 

(a)7.2inL (b) 8.3 mL (c)lOmL (d) 14 mL 

[Hint: Na 2 S 04 + Bad,-> BaS 04 + 2Naei 

Mass 5 


Number of mole.s of BaS 04 


Molar mass 233 


= 0,0215 


Number of moles of Na 2 S 04 needed = 

MV 

1000 

3xF 

1000 * 
V : 


: 0.0215 
= 0.0215 

= 0.0215 


: 7.2 mL] 

When FeCl 3 is ignited in an atmosphere of pure oxygen, this 
reaction takes place: 

4 FeCl 3 ( 5 ) + 302(g)-> 2Fe203(j) + 6 Cl 2 (g) 


If 3 moles of FeClj are ignited in the presence of 2 moles of O, 
gas, how much of which reagent is present in excess and 
therefore, remains unreacted? 

(a) 0.33 mole FeClj remains unreacted 

(b) 0.67 mole FeClj remains unreacted 

(c) 0-25 mole Oj remains unreacted 

(d) 0.50 mole Oj remains unreacted 

7. A self-contained breathing apparatus uses potassium 

superoxide, KO,, to convert the carbon dioxide and water in 

exhaled air into oxygen, as shown by the equation: 

4K02(5) + 2H20(g) + 4C02(g)-> 4KHC03 (s) + SOjCg) - 

How many molecules of oxygen gas wilt be produced fronr^ 

0.0468 g of carbon dioxide that is exhaled in a typical breath? 

(a)4.8x 10“- (b)6.4x 10'® (c)8.5x 10^® (d)1.9x 10^' 

[Hint: 4 mole COj gives 3 mole Oj 

''0.0468'', , . 3 0.0468 , _ 

- mole CO, will give — x —^-mole O., 

V 44 j i. 6 ... 

= 7.977 X lO"'* mol 

Number of molecules of O 2 = 7.977 x 10"'* x 6.023 x 10^^ 

= 4.8x10^®] 

8 . Antimony reacts with chlorine according to this equation: 

2 Sb + 3Cl2 2 SbCl 3 

How many grams of SbC^ can be prepared if 0.012 mole of 
antimony are reacted with 0.02 mole of chlorine? The molar 
mass of SbClj equals 228.2 g mol"’. 

(a) 1.52 g (b)1.83g (c)2.74g (d) 4.56 g 

9. A gaseous mixture of propane and butane of volume 3 L on 
complete combustion produces 10 L of COj under standard 
conditions of temperature and pressure. The ratio of volumes 
of propane to butane is: 

(a)l:2 (b)2:l (c)3:2 (d) 3:1 

10. What amount of silver will be obtained on thermal decom¬ 
position of 2.76 g of silver carbonate, Ag 2 C 03 (276 amu)? 

(a)2.16g (b)0.216g (c)216g " -(d)2L6g 

11 . PH 3 (g) decomposes on heating to produce phosphorous and 
hydrogen. The change in volume when 100 mL of such gas 
decomposed is: 

(a) +50 mL (b) +500 mL (c) -50 mL (d) -500 mL 

Heat 

EHint: 4 PH 3 (g)-> P 4 (j)+ 6 H 2 (g) - 

Volume of H, formed by decomposition of 100 mL PHj 

= -xl00 = 150mL 
, 4 

Thus, change in volume = (150 - 100) = 50 mL] 

12. What amount of BaSO^ can be obtained on mixing 0.5 mole 
BaClj with 1 mole of H 2 SO 4 ? 

(aj U.5 mol (b) 0.15 mol (c) 0.1 mol (d) 0.2 mol 

]Hint: BaCl 2 + H 2 SO 4 -> BaS 04 + 2HC1 ] 

Initially 0.5 I 0 0 

After the reaction 0 “ 0.5) 0.5 2 x 0.5 
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13. In the reaction, 

CrOj + H 2 SO 4 Cr2(S04)3 h-'HjO + O, 
one mole of CrOj will liberate how many moles of O,? 

(a) 5/2 (b) 5/4 

(c) 9/2 (d) None of these 

14. Calcium carbonate decomposes on heating according to the 
equation; 

CaCOjCs)-> CaO(5) + CO.ig) 

- At STP, the volume of COj obtained by thermal 
decomposition of 50 g of CaCOj will be: 

(a) 22.4 litre (b) 44 litre (c) 11.2 litfb. (d) 1 litre 

15. The volume in litre of CO 2 liberatedat STP when 10 g of 90% 
pure limestone is heated completely, is: 

(a) 22.4 L (b)2.24L (c) 20.16 L (d) 2.016 L 

[Hint: CaCOj-> CaO + CO,(g) 

1 mole 22.4 litre at STP 

(100 g) 

100 g CaCOj = 22.4 L CO, at STP___ 

^. """22 4 " 

9 g CaCO, = — X 9 L CO, at STP 
^100 

= 2,016 LCO 2 at STP] 

16. A metal oxide has the formula ZjOj. It can be reduced by 
hydrogen to give free metal and water. 0.1596 g of the metal 
requires 6 mg of hydrogen for complete reduction. The atomic 
mass of the metal is: 

(a) 27.9 g mor' (b) 159.6 g moF’ 

i^c) 79.8 g mor* (d) 55.8 g mor' 

If'^Hint: 2,03 + BHjCg)-> 2Z + SHjO 

6 g Hj gives 2 mole Z 

y. 6 X IQ-^ g H 2 will give 0.002 mole Z 

,, , 1 Mass 

Number of moles = —--— 

Molar mass 


0.002 = 


0.1596 
Molar mass 


Molar mass = 


0.1596 

0.002 


= 79.8 g mor' ] 


17.. 10 g CaCOj is completely decomposed to X and CaO. X is 
passed into ari aqueous solution containing one mole of 
sodium carbonate. What is the number of moles of sodium 
bicarbonate formed? 

[Molar mass: CaCOjClOO); Na2CO3(106); NaHC 03 ( 84 )]. 

(a) 0.2 (b)O.l (c)O.Ol (d) 10' 

18. Chlorine gas can be produced by reacting sulphuric acid with a 
mixture of Mn 02 and NaCl. The reaction follows the 
equation; 

2NaCl + MnO, + 3 H 2 SO 4 -> 2 NaHS 04 + MnS 04 

+ Cl, + 2H2O 

What volume, of chlorine can be produced from 1 g of sodium 
chloride under standard conditions of temperature and pressure? 
(a)l,915L (b) 19.15 L / (c) 20.22 L (d)0.191L 

[Hint: 2 mole NaCl (117 g) s I mole Cl, (22.4 L at STP) 


22 4 

1 g NaCl will give L Clj at STP 

= 0.191 LCI 2 at STP] 


19. 1 mole of a gaseous aliphatic compound is 

completely burnt in an excess of oxygen. The contraction in 
volume is: 


(c)[i-r- 


3 

4 

3 

4 


1 a.r, 3 

1 ^1 

(b) 1 + - « - 

— m 

) { 4 

4 

''1 . „ f 3 

1 3 

(d I+-n- 

- m 

) [ 4 

2 ) 


20 . A mixture of CH^ and C 2 H 4 was completely burnt in an excess 
of oxygen, yielding equal volumes of CO 2 and steam. 
Calculate the percentages of the compounds in the original 
mixture: 


(a) 25% CH 4 and 75% C 2 H 4 (b) 30% CH 4 and 70% C 2 H 4 
(c) 75“/o CH 4 and 25% C 2 H 4 (d) 50% CH 4 and 50% C 2 H 4 

21. When same amount of zinc is treated separately with excess of 
H 2 SO 4 and NaOH, the ratio of volumes of H 2 evolved is: 

(a) 1:1 (b) 1:2 (c), 2:1' , (d) 9:4 

[Hint: Zn + H 2 SO 4 —^ ZiiSO^t Hj _ .. 

Zn + 2NaOH-> NaiZnOj + Hj ] 

22. 10 mole of SOj and 15 mole of O2 were passed over a catalyst 
to produce 8 mole of SO3. The ratio of SOj and SO3 moles in 
mixture is; 

(a) 5/4 (b) 1/4 (c) 1/2 (d) 3/4 

-.- - 1 -.-Caralysi " ■ ' 

[Hint: S 02 (g) + - 02 (g)-> SO 3 (g) 

t = 0 10 15 0 

Final lO-x 15-i x 

2 

X = 8 

ffso, = 10 - •* = 2. nso, = * 

'^so, _ 2 _ 

"so, ^ 4 


23. HgCl'a + 4KI-> K,[Hgl 4 ] + 2KC! 

1 mole each of Hg^"'" and F will fc :Ow inany moles of 

Egll-7 

(a) 1 mol (b) 0.5 mol (c) 0.25 mol (d) 2 mol 

24 . 25 mL of 0.15 M Pb (NO3 )2 reacts completely with 20 mL of 
AI 2 (SO4 ) 3 . The molar concentration of Al 2 (S 04 )3 will be; 

3Pb(N03 Jiiaq.) + A 1 , (SO4 )^(aq .)-> 3PbS04(s) 

+ 2 Al(N 03 ) 3 (a^.) 

(a) 0.0625 M (b) 0.0242 M 

(c) 0.1875 M (d) 0.2346 M 

[Hint: ^ Pb (NO 3 ), = A 1 ,(S 04)3 

) 7 | n, 

0.15x25 ^ M, x20 

3 " 1 

M 2 = 0.0625 1 

25. In the reaction, 

2NH3(g)+ 5 F 2 -> N,F4+6HF 

3.56 g N,F 4 is obtained by mixing 2 g NH 3 and 8 g F,. The 
percentage yield of the production is: 

(a) 81.28% (b)71.2% (c) 68 % (d) 79% 

[Hint: 2 NH 3 (g)+ 5F, -> N,F 4 + 6 HF 

34 g 190g 104g 

104 

Amount of N 2 F 4 termed by 2 g NH 3 = x 2 = 6.12 g 
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Amount of N 2 F 4 formed by 8 g F 2 = 


104 

190 


X 


8 = 4,38 g 


N 2 F 4 will be limiting and actual amount of product is 3.56 g 

Actual amount of product 

% yield =- - -X 100 

Calculated amount of product 


3.56 

4.38 


X 100 


= 81.28%] 

The following questions may have more than one correct 
options: 


1. 1.5 g of oxygen is produced by heating KCIO 3 . How much 
KCl is produced in the reaction? 

(a) 4.15 X 10“^ mol . (b) 4.33 g 

(c) 1.78 X 10“'mol id) 1-33 g 

2. Calculate the anrountjrf lime that can be produced b^ heating 
100 g of 90% pure limestone: 

(a) 50.4 g (b) 0.98 mol (c) 0.9 mol (d) 56 g 

[Hint: CaCOj-> CaO + CO, 

100 g 56g 

lOOgCaCOj s56gCaO 
90 g CaCO, = — X 90 g CaO, i.e, 50.4 g CaO 

50 4 

Number of moles of CaO =-= 0.9] 

■■ 56 

3. In an experiment, the following four gases were produced. 

11.2 L of which two gases at STP will weigh 14 g? : 
(a)N20 (b)N02 (c)N 2 (d) CO 

4. 2 mole of CO 2 is required to prepare: 

(a) 336 g ofNaHC 03 (b) 168 g of NaHCOj 

(c) 462 g of Ca(HC 03)2 (d) 162 g of Ca(HC 03)2 


5. 8.7 g of pure Mn 02 is heated with an excess of HCl and the 

gas evolved is passed into a solution of Kl. Calculate the 
amount of the iodine liberated (Mn = 55, Cl = 35.5,1 = 127): 
(a) 0.1 mol (b)25.4g 

(c)15.4g (d)7,7g 

6 . 100 mL of gaseous mixture containing CO, COj and Oj was 
sparked; there was contraction of 80 inL volume when the 
mixture was passed through aqueous caustic potash KOH. The 
composition of initial gaseous mixture will be respectively: 

(a) 20 mL, 70 mL, 10 mL (b) 50 mL, 30 mL, 20 mL 

(c) 30 mL, 50 mL, 20 mL (d) 30 mL, 60 mL, 10 mL 

[Hint: (d) . CO + iOj -> COj 

10 mL O 2 will give 20 mL COj in above reaction. Thus, total 
volume of CO 2 will be 80 mL which will be absorbed in caustic 

potash KOH. - 

Similarly in (e) option, 30mL CGj will be formed on sparkmgr— 

CO + - O 2 -^ CO 2 

30 ml 2 30mL 

(Limiliiig) 

Total volume of CO 2 will be 80 mL] 

7. SO 2 gas is slowly passed through an aqueous suspension 

containing 12 g CaSOj till the milkiness just disappears, what 
amount of SOj would be required? IBHL (iVlain.'s) 2019] 
(a) 12,8 g (b)6.4g (c) 0.2 mole (d) 0.1 mole 

[Hint: The reaction involved is . 

CaS 03 +H 2 O+SO 2 -> CalHSOjjj 

. , milky colourless 

! mbi . 1 mol 

120 g ^ 64 g ,, '* 

12 g CaSOj will react with 6.4 g SO, or 0.1 mol SG 2 .] 



• Single correct option 


1 . (b) 

2 . (c) 

3. (a) 

4. (b) 

5. (a) . . 

6 . (a) 

7. (a) 

8 . (c) 

9. (b) 

10 . (a) 

il. (a) 

12 . (a) 

13. (d> 

14. (c) 

15. (d) 

16. yq) 

17. (a) 

25. (a) 

18. (d) 

19. (d) 

20 . (d) 

21 . (a) 

22 . (b) 

■ 23. (c) 

24.'(a) 

One or more than one correct options 






1 . (c,d) 

2 . (a,c) 

3. (c,d) 

4. (b,d) 

5. (a, b) 

6 . (c, d) 

7. (b,d) 
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Linked Comprehension Type Questions 



• Passage 1 

In a reaction vessel, IQOg H 2 and lOOgC’^ are mixed and 
suitable conditions are provided for the following reaction: 

H 2 ig)+ci 2 ig)^ mciig) 

Quantum yield of this reaction is (|) = 10^. 

Answer the following questions: 

1. Select the correct statement(s) for the above reaction; 

(a) Presence of light is required for this reaction 

(b) It is a chain reaction 

(c) Catalyst is required 

(d) All of the above 

2. The limiting reagent in this reaction will be: 

- ....(bfCl^ 

(c) both (d) cannot be predicted 

3. The actual amount of HCl formed in this reaction is: 

(a) 102.8 g (b) 73 g 

(c) 36.5 g (d) 142 g 

4. The amount of excess reactant remaining iS: 

(a) 50 g (b) 97.2 g 

(c) 46 g (d) 64 g 

5. The amount of HCl formed (at 90% yield) will be: 

(a) 36.8 g (b)62.5g 

(c) 80 g (d) 92.53 g 


• Passage 2 

Dissolved oxygen in water is determined by using a redox 
reaction. Following equations describe the procedure: 

I. 2Mn^^ (aq. ) + 40H " (aq .) + Oj (g)-> IMnOj (s) 

+ 2H20il) 

II. MnOj (s)+2I- (aq. ) + 4H^ (aq. )-> Mn (aq. ) 

yl2(aq.)+2H20(l) 

III. 25 (aq .) + 1 2 (aq.) -> 5 ^ol~ (aq .) + 2/ " (aq .) 

Answer the folloiving questions: 

1. How many moles of SjOf" are equivalent to each mole of 0,? 

(a)0.5 .. (b).l .(c)2 . (d)4 

2. What ..amount of Ij will . b.e_ liberated, from. .8 q dissolved 
oxygen? 

(a)127g (b)254g (c) 504 g (d) 100:i g 

3. If 3 X 10^^ moles Oj is dissolved per litre of water, then what 
will be the molarity ofl “ produced in the given reaction? 

(a) 3 X 10“^ M d X 3 X 10'^ M 

(c)2x3xlO^^M (d)~x3xl0"^M 

4. Number of which two chemical species will be same in the 
given procedure? 

(a)Mn 02 (b)l 2 (c)!’ (< 1 ) 8203 “ 

5. 8 mg dissolved oxygen will consume: 

(a) 5,x 10”^ mol Mn"^ (b) 2.5 x 10“'' mol Mn^^ 

(c) 10“^ mol Mn (d) 2 mol Mn 


c 



1- (a,b) 
1- (d) 


Passage 1. 
Passage 2. 


2 . ,) 
2. I 


3 . (a) 
3 . (b) 


4 . (b) 

4 . (a) 


5 . (d) 
5 . (a) 
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^ Self Assessment 4 

ASSIGNMENT NO. 15 


Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. An oxide of iodine contains 25.4 g of iodine for 8 g of oxygen. 
Its molecular formula will be: 

(ajIjOj (bjl^O (cjIA (d)l 207 

2 . 2 g H 2 and 1 g O, are allowed to react according to following 
equation: 

2 H^{g) + OJg) - 2H20(g) 

Amount of Hj'O formed in the reaction will be; 

(a)?g " (b)T.125‘g 

(c)4.5g (d)2.50g , 

3. 20 cc of CO 2 gas is passed over red hot coke. The volume of 
carbon monoxide evolved is: 

(a)lOcc (b)20cc (c)30cc (d)40cc 

4. In the Haber process: 

N,(g) + 3H2(g)-> 2 NH 3 (g) 

30 L- of H 2 and 30 L of N 2 were taken for reaction which 
yielded only 50% of expected product. What will be the 
composition of the gaseous mixture in the end ? 

(a) 20 L NH 3 ,25 L Nj and 20 L 

(b) 10LNH3,25LN2andl5LH2 

(c) 20 L NHjHO L Nj and 30 L H 2 

(d) 20 L NH 3 ,25 L. N, and 15 L Hj 

5. KMn 04 reacts with oxalic acid according to the equation: 

2Mn04 + 5 C 2 OI" + 16H^-> 2Mn^'^ + lOCOj + 8 H 2 O 

20 mL of 0.1 M KMn 04 will react with: 

(a) 120 mL of 0.25 M oxalic acid 

(b) 150 mL of 0.1 M oxalic acid 


(c) 50 mL of 0.1 M oxalic acid 

(d) 50 mL of 0.2 M oxalic acid 

6 . Orthoboric acid, on heating, decomposes in tvt'o ways: 

(I) H 3 BO 3 -> HBO 2 + HjO 

(II) H 3 BO 3 -> B 2 O 3 + H 2 O 

If 9 moles of H 3 BO 3 decomposes by (I), pathway and 
remaining by (II) pathway. If total II moles of water are 
formed, then the number of moles of B 2 O 3 formed is: 

(a) 6 (b) 5 _ (c) 3 (d) 2 

7. 2 moles of HjS and 11.2 L of SO 2 at NTP react to give x mole 
of sulphur. The value of ‘x' will be: 

Reaction; SOvCg) + 2 H 2 S(g) —^ 3S + 2 H 2 O- -- 

(a) 1.5 (b)3 ' (c)11.2 (d) 6 

8 . A sample of argentite ore contains 1.34% of AgjS by mass. 
How many grams of this ore would give 1 g of Ag on 
extraction? 

(a) 134 g (b) 108 g (c)'85,7 g (d) 74.6 g_ 

9. What mass of HNO 3 is needed to convert 5 g of iodine into 
iodic acid according to the reaction? 

I 2 + HNO 3 ^> HIO 3 + NO 2 + H 2 O 
(a) 12.4 g (b)24.8g (c) 0.248 g (d)49.6g 

10. KI + I 2 + HNO 3 -> HIO 3 + KIO 3 + NO 2 

If 3 moles of KI and 2 moles of I 2 are mixed vyith excess 
HNO 3 , then volume of NOj gas evolved at NTP is: 

(a) 716.8 litre (b) 1075.2 litre 

(c) 44.8 litre (d) 67.2 litre 

11. The decomposition of certain mass of CaC 03 gave 11.2 dm^ of 

CO 2 gas at STP. The mass of KOH required to completely 
neutralise the gas is : (Screening) lOlOj 

(a)56g (b)28g (c)42g (d)20g 



1. (c) 2. (b) 3. (d) 4. (b) 5. (c) 6. (d) 7. (a) 8. (c) 

9. (a) 10. (a) 11. (a) 
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SPONTANEOUS ASSESSMENT SECTION 




M QDULE-1 _I IT Entrance Test Paper 


There are 59 questions in this module. 

(1) Q. 1-20. Have single correct answer. 

(2) Q. 21 - 30. Have more than one correct answers. 

(3) Q. 31 -35. True/false problems. 

(4 ) Q. 36 - 40. Statement/explanation problems. 

(5) Q. 41-48. Thought type/comprehensive problems. 

(6) Q. 49-53. Multiple tnie/falseproblems. 

■(7)‘ Q. 54'^58.' True m-false type questions. 

(8) Q. 59. Matching type question. 


1. Kinetic energy of 0.3 mole of ‘He’ gas in a container of 
maximum capacity of 4 litre at 5 atm, must be: 

{R = 0.0S21 atm litre mol"' K“*) 

(a) 30 atm litre (b) 100 atm litre 

(c) 9 atm litre (d) 11.11 atm litre 

[Hint: PV = i mnc^ 

n 1 

^PV =-I nmf = KE 
2 2 

3 3 

KE= - PV = -x5x4 = 30 atm litre] 

2 2 

2. What will be the maximum spin multiplicity for 4c?- orbital? 

(a) 4 (b)6 (c)5 fd; 10 

[Hint: Spin multiplicity = 2£ i + I 

= 2x5x-^+l = 6] 

2 

3. Number of ‘He’ atoms in 52 amu sample is; 

(a) 2 X 6.023 X 10^^ (b) 13 

(c)4 ■ . (d)4x 6.023xl0^\ 

4. For a given one mole of ideal gas kept at 6.5 atm in a container 
of capacity 2.463 litre. The Avogadro proportionality constant 
for the hypothesis is: (see figure) 


(a) 0.406 
(c) 22.4 



[Hint: PV = nRT 


6.5 x 2.463 = 1 X 0.0821 x T 


r = 195K 


RT 


Avogadro proportionality constt. = 


P 

RT 


O rto-. 




^i2.46r 


5. A(s) ^~~=^ 5 (g) + C (g). Total pressure at time of squi librium 

is 40 atmosphere. If all the contents of this reactor have been 
shifted to another reactor of double capacity, then the total 
equilibrium pressure in the new reactor will be: (in 
atmosphere) ... . 

(a) 20 (b) 40 (c) 400 (d) 1600 

[Hint: Since, gaseous species are not present on both sides, 
hence the equilibrium will not shift.] 

6. Gadolinium-153 is used in the detection of osteoporosis 
disease of bones. Half life of gadolinium-153 is 500 days. 
After how many days, on an average, the nuclide can be 
considered absent from the body of patients? 

(a) 500 days (b) 1000 days 

(c) Infinite (d) 350 days 

[Hint: The radioactive element will disappear from the body of 

patient after infinite time.] 

7. Amount of energy required to excite an electron of an atom 
from the lower energy state to its next higher energy state is 
defined as; 

(a) ionization potential (b) electron affinity 

(c) critical potential (d) reduction potential 

8. Consider the values for AH° (in kJ mol”') and for AS° (in J 
mol”' K”') given for four different reactions. For which 
reaction will AG° increase the most (becoming more positive), 
when the temperature is increased from 0°C to 25°C? 

(a) 1^°- = 50, AS° - 50 (b) AH° = 90, A5° = 20 

(c) 'kH° = -20,AS° = - 50 (d) AH° = - 90, A5° = - 20 

(e) None of these 

9. The energy of the orbitals decreases in the order; 

(a) 5 > p > sp^ > sp > sp^ (b) p > sp^ > sp~ > sp> s 

(c) sp^ > sp^ > sp> s> p (d) s> sp> sp" > sp^ > p 


(e) none of these 

[Hint: Greater the percentage of ‘p' character, more is the 
energy of the orbital.] 

10. These are the first eight ionization energies for a particular 
neutral atom. All values are expressed in MJ mol”'. How- 
many valence electrons do/does this atom possess? 
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1st 2nd 3rd 4th 5th 6th 7th 8th 

1.31 3.39 5.30 7.47 10.99 13.33 71.33 84.01 

(a)l (b)2 (c)4 (d)6 

(e) None of these 
11. Consider the reaction: 

2H2(g) + 2NO(g) —> N^Cg) + 2H20(g) 

The rate law for this reaction is, 

Rate = k [H 2 ][NOf 


Under what conditions could these steps represent the 

mechanism? 

Stepl. 2N0^=^,N202 

Step 2. N 2 O 2 + H 2 -^ N 2 O + HjO 

Step 3. N 2 O + H 2 -> N 2 + HjO 

(a) These steps cannot be the mechanism under any 
circumstances 

(h) These steps could be the mechanism if step 1 is the 
slowest step 

(c) These steps could be the mechanism if step 2 is the 
slowest step 

(d) These steps could be the mechanism if step 3 is the 
slowest step 

(e) None of the above 
12. Match the following: 


1. Energy of ground state of 

2. Potential energy of 1 st orbit 
of H-atom 

3. Kinetic energy of 2nd excited 
state of He"^ 

4. Ionisation potential of He 


(i) -6.04eV 

(ii) -27.2eV 

(iii) 8.7xl0*'*J 

(iv) -54.4eV 


13. 


14. 


(a) l-(i); 2-(ii); 3-(iii); 4-(iv) 

(b) l-(iv); 2H;iii); 4-(i) 

(c) l-(iv); 2-(ii); 3-(i); 4-{iii) 

(d) Kii); 2-(iii); 3^0; 4^iv) 

If electrons are transited from «2 excited state to Hj excited 
state, then number of lines obser\'ed in the spectrum will be: 

(a) («2 - »\ )(«2 - «] + 1) (- 1 ,^ («i -"2)("2-«i +1) 


(”2 + «i )("i + + 1) 

2 


(d)2(ui -n2)(ni + ’h “ if 


When an electron is transited from 7£ to E energy level, the 
wavelength of photon produced is Xj. In making electronic 
4 

transition from — EtoE level, the wavelength Xj is: 

(a)X2 = X, (b)X2=^ (c)X 2 = 3X, (d)X2=f^ 

4 3 


15, Completely filled orbitals have special stability and are 
spherically symmetrical like d etc. The species 


among Cl”, Ar and Nf which have such orbitals are: 


■(a)Cr,Ar (b)N 3 ”,Cr 

(c)Ar, Nj” (d)Ar, Cr.Nj” 

16. An atom has x energy levels; then total number of lines in the 
emission spectrum will be; 


(a) 1 + 2+ 3 + .,.+ (x+l) 

(b) 1 + 2+ 3 + ... + x^ 

(c) 1+2+3+... + x 

(d) l+2+3 + ...+ (x-l) 

17. Carbon atom has electronic configuration, C=L$^, 

2s' and 2p^. The spin multiplicity of carbon atom is: 

(a) 3 (b)2 (c)l (d)4 

18. An electron moves around protons (nucleus) in a circle of 
radius r. Assuming that the uncertainty of momentum of 
electron ig of (he same order as the momentum itself, the 
momentum of the electron will be: 

(a) (b) — (c) Anhr (d) l%hr 

A%r 2nr 

19. The oxidation state of iron in sodium nitroprusside is; 

(a) -3 or -2 (b) +3 or -3 (c) +2 or -2 (d) -2 or ^3 

20. The oxidation state of sodium in sodium amalgam is: 

(a )+1 (b)-l (c) zero {d) +2 . 

Question 21 to 30 have more than one correct answers: 

21. The substance(s) which can act as oxidising as well as 
reducing agent is/are: 

(a)H 202 (b) 03 ’ 

(c)NH 2 —NHj. (d)HN03 

22. Which of the following statements is/are correct? 

(a) The electronic configuration of Cr is [Ar] 3d^4s' 

(b) The magnetic quantum number may have negative value 

(c) In silver, 23 electrons have a spin of one type and 24 of 
the opposite type 

(d) The oxidation state of hydrogen in NH 3 is +3 

23. Which of the following statement(s) about wave function \j/ of 
an electron is/are correct? 

(a) \)/ has no physical significance 

(b) ij/' represents the probability of finding electrons 

(c) \|/\|/* = ij/' = 

(d) 4 / is continuous, definite, finite and single valued 

24. Loss of a P-particle is equivalent to; 

(a) increase in nurnber of protons by one 

(b) decrease in number of neutrons by one 

(c) change in atomic mass by one unit 

(d) none of the above 

25. The maximum velocity of liquid molecules up to which its 
flow is streamline is called critical velocity. The critical 
velocity of a liquid depends upon; 

• (a) coefficient of viscosity (b) radius of the tube 
(c) density of the liquid (d) mass of the tube 

26. Which of the following cur\'es represent(s) Boyle’s law? 
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47. A piece of wood taken from a cave dwelling in New Mexico is 
found to have a Carbon-14 activity (per gram of carbon) only 
0.636 times that of wood cut today. Estimate the age of the 
wood; 

(a) 7430 yr (b) 3740 yr (c) 4370 yr ■ (d) 7340 yr 

48. In carbon dating; 

(a) the decay rate of '^C is studied 

(b) the rate of accumulation of C is studied 

(c) the rate of decay of C is studied 

(d) the rate of formation of '^C is studied 

In each of the following questions, three statements I, II, III 
are given. Mark: 

(a) if all the statements are correct 

(b) if II and III are correct 

(c) if I and 111 are correct 

(d) if only II is correct 

49. In CrC^:._... . . 

(I) Oxidation number of Cr is+6. 

(II) Four oxygen atoms are involved in peroxy linkage. 

(III) Only one oxygen atom has -2 state. 

50. (I) The conductance of molten NaCl is due to movement of 

Na'*'and cr ions. 

(II) Molten NaCl is a good conductor due to mobility of free 
electrons. 

(III) Solid NaCl is a bad conductor of electricity. 

51. (I) Resistance of metals increases on heating. 

(II) Unit of cell constant is cm~'. 

(III) Specific conductance decreases on dilution. 

52. (I) Oxidation number is same as formal charge. 

(II) The numerical value of oxidation number and valency 
may differ. 

(III) Absolute value of electrode potential cannot be 
determined, 

53. (I) Cathode is -ve terminal in both electrolytic and 

electrochemical cells. 

(II) Reduction occurs at cathode, both in electrolytic, and • 
electrochemical cells. 

(III) Chemical change in electrolytic cell is non- spontaneous. 

Predict whether the following statements are True or False; 

54. At Curie point, ferromagnetic solid changes to paramagnetic 
solid. 

(a) True (b) False (c) cannot be predicted 


55. 


56. 


57. 


58. 


59. 


pHofl0''“MHClisl0. 

(a) True (b) False (c) cannot be predicted 

Specific conductance of electrolyte solution decreases on 
dilution. 

(a) True (b) False (c) cannot be predicted 

3j-orbital has 2 nodes, inclusive of radial and angular nodes, 
(a) True (b) False (c) cannot be predicted 

Conductance of LiCl is greater than NaCl at infinite dilution, 
(a) True (b) False (c) cannot be predicted 

[A] Match the Column-I with Column-II. Choose the correct 
one from the alternatives (a), (b), (c) and (d). 


Column-1 

P. Wilkinson catalyst 

Q. Speier catalyst 

R. Water gas shift 
catalyst 

. S.,.,^ZeoJite.ZSM-5.. 

catalyst 


Column-II 

I. tra«j-IrCl(CO)(PPh3)2 

II. Hydrosilylation 

III. RhClfPPhjfj 


IV. . 5.ynthetic--gasoline„. 

V. Hydroformylation 

VI. Zinc-copper oxide 


(a) 

(b) 

(c) 

(d) 

Pr-III 

P-I 

P-V 

P-III 

Q^II 

' -Q-v 

Q-II 

Q-VI 

R-VI 

R-III 

R-VI. 

R-IV 

S-IV 

S-IV 

S-IV 

S-II 

[B] Match 

the Column-I with Column-II. Choose t 


one from the alternatives (a), (b), (c) and (d). 

Column-II 


Column-1 

P. Low temperature 

Q. Mean speed 

R. Internal pressure 

S. Excluded volume 


I. ^ 

II. Maxwellian distribution 

III. b 

IV. Adiabatic demagnetisa¬ 
tion 




V. + 

b \ 

V^) 

(a) - . 

(b) 

. (c) 

(d) 

P-IV 

P-V 

P-I 

P-IV 

Q-II 

Q-IV- 

Q-II 

Q-V 

R-I 

R-II 

R-III 

R-III 

S-lII 

S-III 

S-IV 

S-II 




1. 

(a) 

2. 

(b) 

3. 

(b) 

4. 

(b) 

5. 

(b) 

6. 

(c) 

7. 

(c) 

8. 

(c) 

9. 

(b) 

10. 

(d) 

11. 

(c) 

• 12. 

(c) 

13. 

(a) 

14. 

(c) 

15. 

(a) ■ 

16. 

(d) 

17. 

(a) 

18. 

(a) 

19, 

(b) 

20. 

(c) 

21. 

(a, b, c) 

22. 

(a, b, c) 

23. 

(a, b, c, d) 

24. 

(a, b) 

25. 

(a, b, c) 

26. 

(a, b, c, d) 

27. 

(a, b, c) 

28. 

(b.d) 

29. 

(a, b) 

30. 

(c,d) 

31, 

(b) 

32. 

(a) 

33. 

(b) 

34. 

(b) 

35. 

(b) , 

36. 

(a) 

■ 37. 

(a) 

38. 

(a)' 

39. 

(b) 

40. 

(d) 

41. 

(c) 

42. 

(c) 

43. 

(a) 

44. 

(d) 

45. 

(a) 

46. 

(a) 

47. 

(b) 

48. 

(a) 

49. 

(a) 

50. 

(c) 

51. 

(a) 

52. 

(b)' 

53. 

(d) 

54. 

(a) 

55. 

(b) 

56. 

(a) 

57. 

(a) 

58. 

(b) 

59. 

(A^),(B-a) 
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Following questions have single correct option: 

1. The frequency of de Broglie wave associated with a 
microscopic particle of mass 10“^^’ gm is 2.5 x 10“* MHz, then 
the velocity of the particle will be: 

(a)4.08km/s (b)5.81km/s 
(c) 17.32 km/s (d) 1.22 km/s 

2. The total number of nodes for .4(f-orbital will be: 

(a )2 , (b)3 (c )0 ■ (d)l 


3. N, + SH, 


S. 


2 NH 3 + heat. The activation energy for the 


forward as well as backward reaction is decreased by 100 J, 
then the equilibrium amount of NH 3 will: 

(a) increase (b) decrease 

(c) remain constant (d) cannot be predicted 

During AT-electron capture mainly; 

(a) Y-rays are emitted (b) p-particles are emitted 

(c) positron are emitted (d) X-rays are emitted 
The magnetic moment of an iron compound is 5.918 BM, then 
the oxidation state of iron in this compound will be: 

(a)0 (b)l (c)2 Cd)3 

Which of the following graphs represents a first order 

reaction? 


to .33 


a 

(a) 





For the reaction, 

CfiHnO^Cs) + 60,(g) ■ 


^ 6C02(g) + bH^OCO; 

At/ = -2810kJ/mol 


AH in kJ/mol is: 

(a) 845 (b)-890 (c)-2810 (d)-2864 

8 . The standard emf of the cell, set-up from the reaction, 


2Cu+(ag.): 


: Cu(s)+Cu-^{aq.) 

is 0.36 V at 298 K. The standard free energy in kJ/mol for this 
reaction is: 

(a) - 34.73 (b) - 69.46 (c) - 3473 (d) - 6946 

When the reaction is first order in A and zero order in S, rate 
constant is: 


r^i 


([Al 


(b) 


[^lo 


“ I In • 

O [A], 


10 . 


16. 


(c)-ln 


11 , 


12 . 


13. 


14. 


15. 


18. 


[£k 

[Al 


(d)- 


1 


In ■ 


I [Al t[A]o 

A hypothetical reaction, 2X - 1 - Fj-> 2XY follows the 

mechanism; 

X + X A,. (fast.) 

2ZF 


X2 + Y2 


(slowf^ 


then the order of reaction is; 

(a) 1 (b) 2 (c) 3 (d) undefined ' 

The inversion of cane sugar in aqueous acidic medium is a 
reaction of: 

(a) zero order (b) first order 

(c) second order (d) third order 


Which of the following belongs to, e.g., (double grade) 
orbitals? 


(a) d 
(c) r/™ A^ 


(d )^2 2 , 


Which among the following is correct about the energy 

sequence (in case of H-atom)? . .' 

(a) 3s < 3p < hd (b) 3s = 3p = 3£f • 

(c) 3s> 3p '> 3d {d)3s> 3p <3d 

If the equivalent weight of an element is 32, then the 

percentage of oxygen in its oxide is: 

(a) 16 (b)40 (c)32 (d) 20 

Which of the following statements are true? 


(a) 


For gases, in general, viscosity increases with increase in 
temperature. 

For liquids, viscosity varies directly with pressure. 

For gases, viscosity is independent of pressure. 

All of the above are true. 

None of the above 

show the 


(b) 

(c) 

(d) 

(e) 

The following figures 
distribution of: 


angular probability 




, and dy^ orbitals 


(b) d^2 _ ^.2 and 
(d) none of these 


orbitals 


17. 


(a) d„ 

(c) d^y and d^. orbitals 
The equation E = hv indicates that; 

(a) photons have both particle and wave nature 

(b) photons are waves 

(c) photons are stream of particles 

(d) no such inference can be drawn from the given equation 
In which of the following conditions, the density of N 2 is 
maximum? 

(a) STP (b) 273 K and 2 atm 

(c) 546 K and 1 atm (d) 546 K and 2 atm 
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19. A sample of natural gas contains 85% CH 4 and 15% 
What is the molecular mass of the mixture? 

(a) 16.6 (b) 26.6 (c) 30.6 (d) 20.6 

20. Match the List-I and Lisi-II: 



Lfst-I 

List-II 

(A) 

The limits of pH values of 
buffer solution. 

(i) 5x10''^ 

(B) 

The [H 3 O]'*' concentration 
in 0.001 M Ba(OH )2 
solution. 

(ii) Equal 

(C) 

The buffer capacity of a 
solution is maximum when 
cone, of salt to that acid is: 

(iii) 1 st order reaction 

(D) 

Hydrolysis of ethyl acetate 
in acidic solution. 

(iv) pA, ±1 


Codes: 

(A)- 

(B) 

(C) 

(D) 

(a) 

iv 

ii 

i 

iii 

(b) 

iv 

i 

iii 

ii 

(c) 

i 

iv 

ii 

iii 

(d) 

iv 

i 

ii 

iii 


21. Match t he List4 and List-II; 



List-I 

List-II 

(A) 

Rate constant has the same 
unit as the rate of reaction. 

(i) One 

(B) 

Reactions having apparent 
molecularity more than 
three. 

(ii) Zero order 
reaction 

(C) 

Reactions having mole¬ 
cularity two but order of 
reaction is one. 

(iii) Complex reaction 

(D) 

For a reaction, H > B, the 
rate of reaction doubles as 
the concentration of A is 
doubled. 

(iv) Pseudo unimol- 
ecular reaction 


Codes; 

(A) 

(B) 

(C) 

(D) 

(a) 

ii 

iv 

iii 

i 

(b) 

ii 

iii 

iv 

i 

(c) 

iii 

ii 

' iv 

i 

(d) 

ii 

iv 

i 

iii 


The diagram below shows part^f the skeleton of the periodic 
table in which elements are indicated by letters which are not 


their usual symbols. 

n 





j 






e 



T i 





R 




MM 









T 

' M 

L ^ J.,. 


L.iJ. 

_ 







Select whether the following statements are True or False: 
True (a) False (b) 


22. The greatest ionic character of compounds formed by reaction 
of pairs of-the listed elements would be exhibited by the 
compound with the formula, M 2 Q. 

23. The ion is coloured and has an electronic configuration of 
ls^,2s^2p\3s^dp^3df ■ 

24. The carbonate of compound H is insoluble in water. 

2 5. Element is a gas' at ro om temperature. 

26. Element T is an inert gas with an electronic configuration 

25^ 2 /, 3r Sp*” 

20 cm ^ of a gaseous element X reacts with excess of an element Y 
to form 40 crn^ of a gaseous compound of X and Y. All volumes 
are measured under the same conditions of' temperature and 
pressure. 

Select whether the following statements are True or False. 

True (a) False (b) 

27. Molecule of W contains at least two atoms of . 

28. The formula of the compound formed is WF. . 

29. Molecules of X cannot consist of more than two atoms. 

30. X is less dense than the compound of X and Y. 

31. F is less dense than the compound of X and Y. 

Assertion-Reason Type Questions: _ 

In the questions 32 to 36, statements are given for Assertion(A) 
and Reason (R). Choose the correct answers from the codes 
given below: 

ifl) Both (A) and {R) are correct and (R) is the correct 
explanation of (A). 

(b) Both (A) and (R) are correct but (R) is not the correct 
, explanation of (A). 

(c) (R) is correct but (A) is wrong, 
id) (A) is correct but (R) is wrong. 

32. (A) In hydrogen spectrum (6569 A) line is observed in 

Balmar series. 

(R) Balmar lines are found in ultraviolet region. 

33. (A) All Arrhenius acids are also Bronsted acids. 

. (R) All Bronsted bases are also Lewis bases. 

34. (A) All p-orbitals are directional. 

(R) p-orbitals are oriented along axes. 

35. (A) 0.1 M NaCl + 0.05 M HCl solution on mixing in equal 

volume forms a buffer solution. 

(R) The solution is a mixture of salt and acid thus act as a 
buffer. 

36. (A) Number of revolution per second by an electron is same 

in all shells. 

V 

(R) Orbital frequency =-. 

2 Kr 

Questions with more than one correct options: 

37. The substance(s) which can act as oxidising as well as 
reducing agent is/are: 

(a) H ,02 (b) O 3 

(c)NH 2 —NH 2 ■(d)HN 03 

38. Which of the following statement(s) is/are correct? 

(a) The electronic configuration of Cr is [Ar] 3d^, 4.?’. 

(b) The magnetic quantum number may have a negative value. 

(c) In silver, 23 electrons have clockwise spin and 24 
electrons have anticlockwise spin. 

(d) The oxidation number of N in N 3 H is-3. 












974 


G.R.B. Physical Chemistry For Competitions 


39. Loss of a 3-particIe is equivalent to: 

(a) increase in number of protons by one 

(b) decrease in number of neutrons by one 

(c) change in atomic mass by one unit 

(d) none of the above 

40. Following curve shows the energy spectrum of (3-particles in 
the figure: 



0 0.2 i 0.6 0.8 1.0 1.2 

Energy of particles in MeV -► 

The curve indicates: 

(a) P-rays spectrum is continuous . 

(b) different p-particles (emitted) have different energies 

(c) the energy spectrum of p-particles of all the elements is the 
same 

(d) no P-particle has energy more than 1 MeV . 

41. Maximum velocity of a liquid up to which its flow is stream 
line is called critical velocity. The critical velocity of a liquid 
depends upon: 

(a) coefficient of viscosity (b) radius of the tube 
(c) density of the liquid (d) mass of the tube 

42. When a liquid solidifies, generally, there is: 

(a) decrease in enthalpy (b) decrease in entropy 

(c) increase in enthalpy (d) increase in entropy 

43. Which of the following set(s) of chemical compounds is/are 
used as semipermeable membrane? 

(a) .calcium phosphate, cellulose nitrate 

(b) calcium phosphate, copper ferrocyanide ■ 

(c) cellulose nitrate, Copper ferrocyanide 

(d) copper ferrocyanide, copper sulphate 

44. For the depression in freezing point. The correct statement(s) 

. is/are: 

(a) The vapour pressure of pure solvent is more than that of 
solution. 

(b) The vapour pressure of pure solvent is less than that of 
solution. 

(c) Only solute molecules solidify at the freezing point. 

(d) Only solvent molecules solidify at the freezing point. 

45. For exact determination of molecular mass: 

. (a) solute must be volatile 

(b) solution must be very dilute 

(c) solution must be of similar components 

(d) solute must not be dissociated or associated 


46. Match the Column-1 with Column-ll: 



Column-I 1 

Column-n 



. 'h 

(a) 

de Broglie equation 

1 

II 

.(b) 

Lyman series 

■jlEm 

1 

(c) 

Wavelength associated 
with particle of mass m 

|(r) Transition from higher 
shell to JC-shell 

(d) 

6.6 X 10“'^ J energy per 
photon 

(s) Ultraviolet radiation 


(a) 



@ 


W 

® 

- m 


® 

(«) 

0 -- 



- - 


® 





Match the Column-1 with Column-Il: 


ColumndL— . 

Cfliumn-n 




(a) 

Mn 

(p) Radius ratio (0.732-1) 

(b)i 

Body-centred cubic 

(q) Hexagonal close- 

i 


packed 

(c) 

ABC ABC ABC 

(r) Packing (0.68) 

(d) 

[bc 

‘(s) Number of constituent 


i 

! units in one unit cell ( 1 ) 





@ 


m 

# 


® 


4c)) 



m 


((# 






48. 75.2 g of Cgl^COOH is dissolved in a kg of benzene to lower 


its freezing point by 7 K-. for benzene is 14 K kg mol . 

Calculate the percentage association when it forms a dimer. 

• 

• ' 


# 



® 


0 

■ m 

m 




- «■ 

® 



m 

m 

® 


® 





m 

. ® 











, -®' 
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Pnt: 


AT ^ixKj-x 


Wg X1000 
mg X 


7 = i X 14 X 


75.2 X 1000 
122 X 1000 


1 = 0.81 


a = 


1 - i 
1-1/m 


1-0.81 

1 - 1/2 


= 0.38 


Percentage association = a x 100 = 38] 

49. A sample of gas present in a cylinder fitted with a frictionless 
piston expands against a constant pressure of 1 atm from a 
volume of 2 L to 12 L. During this process, it absorbs 600 J 
heat from its surroundings. Calculate the decrease in the 
internal energy of the system in joule. 


m 


® 

@ 

CD 


• 

© 

@ 

© 

© 

© 

® 


® 

• 

@ 

• 


@ 

© 


© 

© 

® ■ 


© 

® 

© 


© 

© 


® 

® 



@ 




pnt; ^ = 600J,AF = 12-2 = 10L,P = latm \ 
w = -PAF =-lxl0x 101.3 = -1013 J 
AD = ^+ w=600 - 1013 = -413 J] 

Predict whether the following statements are True/False: 

50. For mixing of two ideal gases at 25°C and 1 atm, AG^jj^ = 0. 

(a) True (b) False 

51. For mixing of two ideal gases at 25°C and I atm, AS^j^ = 0. 

■ (a) True (b) False 

52. Isobaric thermal coefficient of an ideal gas is 'R’ . 

(a) True • (b) False 

53. The criterion for the spontaneity of a process is AS system > 

(a) True (b) False 

54. The radioactive element undergoes complete decay in twice of 
half life. 

(a) True (b) False 




1. 

(a) 

' 2. 

(b) 

3. 

(c) 

4. 

(d) 

5. 

(d) 

6. 

(b) 

7. 

(C) 

8. 

(a) 

9. 

(c)^ 

10. 

(c) 

11. 

(b).^ 

12. 

(d) 

13. 

(b) 

14. 

(c) 

15. 

(a) 

16. 

(b) 

17. 

(d) 

18. 

(b) 

19. 

(a) ■iji, . 

20. 

(d) 

21. 

(b) 

22. 

(b) 

23. 

(b) 

24. 

(b) 

25. 

(b) 

26. 

(a) 

■ 27. 

(b) 

28. 

(a) 

29. 

(b) 

30. 

(b) 

31. 

(b) 

32. 

(d) 

33. 

(d) 

34. 

(a) 

35. 

(b) 

36. 

(c) 

37. 

(a, b, c) 

38. 

(a, b, c) 

39. 

(a, b) 

40. 

(a,b) 

41. 

(a, b, c) 

42. 

(a,b) 

43. 

(a, b, c) 

44. 

(a,d) 

45. 

(b, d) 

46. 

(a-p,q) (b- 

r,s) (c 

-p,q) (d-r,s) 



47. 

(a-s., [b-p 

r) (c-q) (d-q) 

50. 

(a) 

51. 

(b) 

52, 

(a) 

53. 

(b) 

54. 

(b) 
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SECTION-1 


SECTION-il 


REASONING APTITUDE 
(For IIT & AIIMS Aspirants) 

The questions given below (1 to 10) consist of an ‘Assertion’ (A) in col¬ 
umn (1) and ‘Reason’ (R) in column (2). Use the following keys to 
choose the appropriate answer: 


(a) If both assertion and reason are correct and reason is the correct ex¬ 
planation of the assertion. 

(b) If both assertion and reason are correct but reason is not correct ex¬ 
planation of the assertion, 

(c) If assertion is correct but reason is incon-ect. 

(d) If assertion is incorrect but reason is correct. 


Assertion (Column 1) 


Reason (Column 2)^ 


1. Noble gases can be liquefied. 

2. Boiling point of a solvent increas¬ 
es when a non-volatile solute is] 
dissolved in it. 


Attractive forces can exist be¬ 
tween non-polar molecules. 

The boiling point of a liquid 
is the temperature at which 
vapour pressure of a liquid 
equals the vapour pressure of 
the atmosphere. 

A buffer solution reacts 
with small quantities of hydro-] 
gen or hydroxyl ions and keeps 
the pH almost same. 

4. The pressure of a fixed amount ofj Ideal gas molecules neither at- 


3. 


A mixture of sodium acetate and! 
sodium propionate forms a bufrcr| 
solution. 


an ideal gas is proportional to its| 
temperature at constant volume. 

5. In a radioactive disintegration, an] 
electron is emitted by the nucleus; 

6. The ratio CpICy for a diatomic 
gas is more than that for 
fnonoatomic gas. 

7. Many endothermic reactions that] 
are not spontaneous at room tem¬ 
perature, become spontaneous at] 
high temperature. 

8. No two electrons in an atom can] 
hav ? the same values of four quan-j 
turn nutfibers. 


9. In radioactive disintegrations, 
jHe^ nuclei can come out of thcj 
nucleus but lighter 2 He^ cannot. 

llO. A crystal having fee structure is] 
i more closely packed than a crystal 
I having bcc structure. 


tract nor repel each other. 

Electrons are always present in¬ 
side the nucleus. 

The molecules of a monoatomic 
gas have less degrees of free¬ 
dom than those of a diatomic; 
gas. 

Entropy of the system increases 
with increase in temperature. 


No two electrons in an atom can 
be simultaneously in the same 
shell, subshell, orbitals and 
have same spin. 

Binding energy of 2 He^ is more 
than that of 2 He'*. 


Packing fraction for fee struc¬ 
ture is double than that of bcc 
structure, 


SELECT CORRECT ALTERNATIVE 
AMONG THE GIVEN OPTIONS 
(For AIEEE & Medical Entrance Aspirants) 

11 . Pick out the pair in which the energy change of one is reverse of 
the energy change in the other: 

(1) radio (2) fluorescent lamp (3) toaster (4) photoelectric cell 
(a) 1 and 2 (b) 2 and 3 (c) 2 and 4 (d) 3 and 4 

12. Consider the following staternehts abbot first order reaction: 

(1) The rate of reaction is directly proportional to the 
concentration of the reactant. 

(2) Its half life period is always constant. 

(3) Concentration of reactant falls exponentially. 

(4) It has low activation energy. 

Of these statements: 

(a) 1, '3 and 4 are correct (b) 1,2 and 4 are correct 

(c) 1, 2 and 3 are correct (d) 2, 3 and 4 are correct 

13 . Which one of the following is the correct order of energies of 
3p, 3d, 4s and 4p orbitals as per Aufbau principle? 

(a) 3p<3d <4s <4p . (b) 3p <4s <3d < 4p 

• . (c) 3c? < 4s < 4/j < 3/> (d) 3d <3p < 4p < 4s 

14. In the emission line spectra of hydrogen atom, how many lines 
can be accounted for by all possible electron transitions between 
five lowest energy levels within the atom? 

(a) 4 (b) 5 • (c) 10 (d) 20 

15. In a closed container at 1 atm pressure, 2 mole of SOiig) and 1 
mole of 02 (g) were allowed to react to form SOj)^) under the 
influence of a catalyst. The following reaction occurred: 

2S02(g)+ 02 (g) ^ 2 S 03 (g) 

At equilibrium it was found that 50% of S02(g) was converted to 
S 03 (g). The partial pressure of Oiig) at equilibrium will be: 

(a) 0.66 atm (b) 0.493 atm (c) 0.33 atm (d) 0.2 atm 

16. The electronic configuration Is^, 2s^2p ^, 3s' describes which one 
of the following? 

(a) An excited state of fluorine atom 

(b) The groimd state of neon 

(c) The excited state of 

(d) The ground state of fluoride ion F ^ 

17 . When- acetone and chloroform are mixed, hydrogen bonding 
takes place between them; such a liquid pair will cause: 

(a) positive deviation from Raoult’s law 

(b) negative deviation from Raoult’s law 

(c) no deviation from Raoult’s law 

(d) cannot be predicted 

18. A maxima or minima obtained in the temperature. Composition 
curve of a mixture of two liquids indicates: 

(a) that the liquids are immiscible with one anothei- 

(b) that the liquids are partially miscible at the maximum or 
minimum 

(c) an azeotropic mixture 

(d) a eutectic formation 
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19. The electrode reactions for charging of a lead battery are: 

PbS 04 + 2e -> Pb + SOf 

PbS 04 + 2 H 2 O-> PbO, + SOj- - 4H* +. 2e 

The electrolyte in the battery is an aqueous solution of H 2 SO 4 . 
After this battery has been charged: 

(a) the sulphuric acid will be more concentrated 

(b) the sulphuric acid will be less concentrated 

(c) the concentration of H 2 SO 4 will be unchanged 

(d) H 2 SO 4 will have been completely decomposed 

20. At 291 K, the molar conductivity at infinite dilution of NH 4 CI, 

NaOH, NaCl are 129.8, 217.4, 108.9 ohm'* cm^ moF* 
respectively. If the molar conductivity of centinormal solution of 
NH 4 OH is 9.33 ohm'* cm^ mol'*, what is the percentage 
dissociation of NH 40 H at this dilution? 

(a) 0.392 (b) 39.2 (c) 3,92 (d) 0.039 

21 . Through molten ALICI 3 , a charge equal to the charge of 1 mole 

.was_passed. 'Vb.lume of CI .2 evolved at ano.de. will, he; 

(a) 22.4,litre (b) 67.2 litre (c) 33.6 litre (d) 11.2 litre 

22 . The rate constant of a reaction will be equal to pre-exponential 
factor when; 

(a) temperature in centigrade is zero 

(b) absolute temperature is zero 
__(c) absolute temperature is infinity 

(d) no suitable answer 

23. The energy levels of A, B and C of certain atoms correspond to 
increasing values of energy, i.e., 

If 2,], A .2 and A .3 are wavelengths C to B, B to A and C to T 
respectively; which of the following relation is correct? 

(a) ^,3 “ X] + 2-2 (b) 2.3 = 2.|X2 /(Ai + A.2) 

(c) A.| X2 + X3 = 0 (d) A,^3 = -t- A2 

24 . A stationary hydrogen atom emits a photon corresponding to the 

first line of Lyman series. What velocity does the atom acquire? 
(a) 3.25 m/sec (b) 2.35 m/sec 

(c) 3.52m/'sec (d) 5.23 m/sec 

25 . Which of the following transitions is not allowed in the normal 
elect,spectrum of an atom? 

(a) 2/)—>ls (b) 3d^2p (c) 5p—>3s (d) 2s~->ls 

26. -How many spectral lines can be observed when an excited 
electron returns from 7th to 2nd shell? 

(a) 10 (b) 15 (c)20: (d) 14 

27.. Tw'o lines of Balmer series of hydrogen are 486.1 and 410.2 nm. 
if the difference of wave numbers of these lines corresponds to 
the wave number of a line in the series, to which of following 
series does the line belong? 

(a) Brackett (b) Paschen (c) Pfimd .(d) Humphrey 

28 . For a third order reaction, half life is given as: 

(a) (,,, ot - (b) tyj oc —r (c) (d) t,,, <=c « 

a a . 

29. What specific name can be given to the following sequence of steps? 

Hg -t hv -> Hg * 

Hg-^ + Hj- >Hg-tH 2 * 

H 2 *-> 2H 

(a) Photosensitization (b) Photosorption 

(c) Phosphorescence (d) Chemiluminescence 

30. If the tetrahedral sites in a ccp array of negative ions (S) were half 
filled with cations (/I), the empirical formula of the compound 
will be; 

(a) AjBj (b) AjB (c) AB^ (d) AB 


31 . 


32. 


33. 


34. 

35. 


An electron in thep-orbital has an orbital angular momentum of; 

(a) J2h (b) ^ . (c) - (d) A 

2,71 It Zit 

An electron of velocity ‘v' is found to have a certain value of de 
Broglie wavelength. The velocity to be possessed by a neutron to 
have the same de Broglie wavelength is: 

(a) 1840r) (b) J3/1840 (c) d (d) 1840/ii 

van’t Hoff factor for a dilute aqueous solution of HCN is 1.00002. 
The percentage degree of dissociation of the acid is: 

(a)2xl0'= (b)lxlO'^ (c)2xl0”^ (d)lxlO'^ 


The average life of a radioactive element is 10 minute. In 10 
minute what percentage of a radioactive element will decay? 

(a) 50% (b) 63.21% (c) 75% (d) 100% 

Which of the following corresponds to zero order reaction? 



Time 


36. The equilibrium constant for the reaction, 
X{g)+Y(g)^Zig) 

is found to vary with temperature in the diagram as shown: 



(a) The reaction is exothermic in forward reaction 

(b) The equilibrium mixture contains a high proportion of Z at 
higher pressure 

(c) The equilibrium mixture contains a high proportion of Z at 
high temperature 

(d) The equilibrium is unaffected by addition of inert gas 

37. Helium was discovered in sun’s atmosphere by analysing; 

(a) Mayer hoff bands (b) Fraunhofer lines 

(c) spectrum (d) spectrometer 

38. For an ideal solution of miscible components: 

=-'R2:«2log^i 

(a) is a negative quantity 

(b) is a positive quantity 

(c) is zero 

(d) AS'^x is sometimes negative and sometimes positive 

39. Specific conductance of a conductivity solution: 

(a) increases with dilution 

(b) decreases with dilution 
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(c) is independent of concentration 

(d) depends upon the cell constant 

40. In the oxide of a compound 'A’, oxide ions are arranged in 
hexagonal close packing and ions occupy two-thirds of the 
octahedral voids. What is the formula of corundum? 

(a) /)0 (b) A 2 O (c) . 42 O 3 (d) AO 2 

41. Spinel structure is shown by; 

(a) MgAl 204 (b) ZnAl 204 (c) MgFe 204 (d) all of these 

42. Which of the following atomic orbitals does not have the four 
lobes lying symmetrically between the axial directions? 

• (a) 34 (b)3<4 (0-3d^\^a(d) 3d^_^ 

43. The degree of dissociation (a) of a weak electrolyte A^B^ is 
related to van’t Hoff factor ‘ j ’ by expression; 

(a) a = .^.. - . (b) a = 

x+ y-1 x+ y+l 


(c) a = 


i+ y- 1 
/-I 


(d) a 


x+ y+ I 
i-1 


44. The solubility of mercurous chloride in water will beigiveh as; 


45. 


(b) S = f:^/4 
(d) S=(/C^/4y'^ 


(a) 

(c) 

The activation energies of two reactions are and E^^. If the 

temperature of thcTeacting systems is increased from r, to 
predict which of the following alternatives is correct? 
fc. 


(a)|I 

k 


1 '^2 

(C) 


(b) 

A-, A, 
(d)^< 2 ^ 


46. 


47. 


A; Aj 

where, A, and A 2 are rate constants at higher temperature. 

In a cubic unit cell, seven of the eight comers are occupied by 
atoms 'A’ and centres of faces are occupied by atoms ‘5’. The 
general formula of the compound is: 

(a) (b) A-;B ^2 (^) ^7-^24 (^) ^24-®7 

The rate law of a reaction of 'A’ and 'B\ 

me = k[AT[B]” 


may be determined by plotting versus [A]o (plot 1 ) and rate 
versus time for ‘B’ (plot 2). 


ti ;2 


[A]o ^ 

(plot 1) 

The rate law superscripts, ‘«’ and ‘ m’ are: 

(a) 0,0 (b) 0 , 1 (c) 1,0 (d)l,l 

48. For k-orbital of hydrogen, the radial electron probability has a 

maximum value at: ' 

(a) 0.1 A (b) 0.40 A (c) 0.53 A (d) 2.1 A 

49. Which of the following expressions correctly represents the 
relationship between average kinetic energy of CO and N 2 
molecules at the same temperature? 


a) 

IS 

CL 


Time —» 
(plot 2) 


W ^co ^ 

(b) Eqq < Eff^ 

(c) i'co “ 

(d) Cannot be predicted unless volumes of the gases are given 

50. On the basis of Hardy-Schulze rule, which of the following 
sequences represents the coagulating power of cations? 

(a) > Na^ (b) Ba^ > Na* > Al^* 

(c) Al’-^ > Ba-'" (d) A^-" > Ba^'*''> Na'' 

51. Adiabatic expansion of an ideal gas is accompanied by; 

(a) increase in temperature 

(b) decrease in ES 

(c) decrease in EE 

(d) no change in any one of the above properties 

52. For a cyclic process, which of the following is not tme? 

(a) IF = 0 (b) EE = 0 (c) A// = 0 (d) AG = 0 

53. Radius of nucleus is related to the mass number ‘.>4’ by: — 

-(a) T? = 7?o^‘'' - ^ R = RoA ... - 

ic)R = R^A^ id)R = RgA''^ 

54. A catalyst: 

(a) increases the average kinetic energy of molecules 

(b) increases the activation energy 

(c) alters the reaction mechanism ..— 

(d) increases the frequency of collisions of reacting species 

55. A chemist wishes to prepare a buffer solution of pH = 3.85 that 
efficiently resists changes in pH yet contains only small 
concentration of the buffering agents. Which one of the following 
weak acids together with its sodium salt would be best to use? 

(a) 7 M-chlorobenzoic acid (pK^ = 3.98) 

(b) p-chlorocinnamic acid (pAi^ = 4.41) 

(c) 2,5-hydroxybenzoic acid (pK^ = 2.97) 

(d) Aceto-acetic acid (pA„ = 3.58) 

56. For coordination number 4, the geometry that is not possible is: 

(a) trigonal planar ’ (b) tetrahedral 

(c) irregular tetrahedral (d) trigonal pyramidal 

57. The rate constant, the activation energy and the Arrhenius 
parameter of a chemical reaction at 25°C are 3 x 1 0^'’ sec*', 104.4 
kJ mor' and 6 x lO*'* sec'' respectively. The value of rate 
constant as T ^ 0 ° is: 

(a) 2 xl 0 '*s-' (b) 6 Kidd's'' 

(c) infinity (d) 3.6 x 10* s"' 

58. Emission of one ‘a’ and two ‘P’ particles successively from an 
element forms: 

(a) isotope of parent element (b) isobar of parent element 
■ (c) isotone of parent element (d) isomer of parent element 

59. Fraction of the total volume occupied by atoms in a simple cube 

is; ‘ 

, , TC Vbti Jin ^ n 

<•>1 <“>6 

60. Which of the following statements is Wrong? 

(a) Crystalline solids are optically anisotropic 

(b) Glass is amorphous solid 

(c) There are 14 Bravais lattices 

(d) There are only 10 crystal symmetries 
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61. Which of the following pairs is correctly matched? 


Phenomenon 

Charge on the nucleus 
Quantized electron orbit 
Quantization of energy 
The nuclear atom 


Experimental observation 

(a) X-ray spectra 

(b) a-partlcle scattering 

(c) Emission spectra 

(d) The photoelectric effect 

62. Arrangement of the following group of orbitals in which they fill 
with electrons: 

(5/, 6 / 1 ,4p, 6 s, 4d, 4 / ) 

(a) 4p, 4d, 6s, 4 /, 6p, 5 / (b) 6s, 4d, 4 /, 5 f,4p, 6p 
(c) 6s, 4p, 4d, 4f, Sf, 6p (d) 4d, 4p, 4/ tf, 6s, 6p 

63. % ° meson is exchanged between: 

(a) proton and nieutron 

(b) proton and proton 

(c) neutron and neutron 

(d) may be between two protons or two neutrons 

64. If nucleons in an excited state fall to a lower energy level, energy 
is emitted as: 

(a) a-rays (b) p-rays (c) y-tays (d) X-rays 

65. Minimum amount of energy required to remove a proton is 
approximately: 

(a) 2 MeV (b) 4 MeV (c) 6 MeV (d) 8 MeV 

F6. TiIark the incorrect statement: 

(a) Semiconductors are basically insulator 

(b) In metal crystal conduction occurs because molecular orbitals 
extend over the whole crystal and there is no energy gap 
between filled and unfilled molecular orbital 

(c) Mobile electrons account for high thermal and electrical 
conduction of metals 

(d) When a metal is heated with a non-metal, the resulting 
compound is never an ionic compound 

67. Given: 


(a) 


Ql 

05 

o 


log V 





71. When mercuric iodide is added to aqueous solution of Kl: 

(a) freezing point is raised 

(b) freezing point does not change _ 

(c) freezing point is lowered 

(d) boiling point does not change 

72. The van der Waals’ constant ‘ 6 ’ for water vapour is 0.03 litre 
mor‘. The radius of water vapour molecule is: 

(a) 1.448 cm (b) 1.448 A (c) 1.448 pm (d) 1.448 mn 

-' 

73. For a reaction A <C , the overall rate constant is related to 
individual rate constants by: 

(a) k =Ai -A 2 (b) kilkj (c) kikj (d) k^ + ki 

74. NjOj decomposes to N 2 O 4 and O 2 as: 

N 2 O 5 ->N204 + j4O2 

The pressure P, at any stage is related to / 5 q and ‘x’, the fraction of 
dissociation, as: 

(a)/7o 


(i) NH3(g)+ 3Cl2(g)- 

-^NCl3(g)+3HCl(g); 

A/fi 

“J - 


(ii) N2(g)+SHjte)- 

^ 2NH3(g); 

A/fj 

W 1 --P 0 

(d) 

(iii) H2{g)+Cl,(g) — 

2HCl(g); 





Express the enthalpy of formation of NO 3 (g) (A// A in terms of 
A//|, A/fj and A// 3 : 

(a) A/f^ = A//,-^ + |Aff3 


(b) 

(c) A«/ = A?/, 


Aff, 


AH-, 


■Mi. 


A//, 


68 . 


69. 


70. 


(d) Mif = M^^ + ■4M^2■^^M^3 

A spontaneous process may be defined as: 

(a) a process which is exothermic and evolves a lot of heat 

(b) a process which is slow and reversible 

(c) a process which takes place only in presence of a catalyst 

(d) a process that occurs without any input from the surroundings 
In the sequence of reaction, 

*1 h h 

I -- >N - >0 

k^ A 2 :>■ 

The rate determining step of the reaction is: 

(a) I- >M(b)M - >N{c)N - >0(4) L - >0 

The plot of log V against log P at constant temperature for a fixed 
mass of gas is: 




SECTION III 

MULTIPLE CHOICE QUESTIONS 
(For IIT, AIIMS and BHU Medical Entrance) 

This section includes those questions in which two or more options may 
be correct. Few of them have single correct choice, 

75. An ideal gas: 

(a) has no intermolecular attraction 

(b) molecules do not collide with each other 

(c) the product of P and V is constant at a fixed temperature for 
definite mass 

(d) can be liquefied easily 

76., Extensive properties among the following is/are: 

(a) refractive index (b) volume 

(c) density (d) mass 

77. WTiich of the following statements regarding equilibrium is /are 
true? 

(a) Equilibrium constant varies with temperature 

(b) Equilibrium constant varies with catalyst 

(c) The reaction stops when the equilibrium is reached 

(d) The equilibrium constant depends on the concentration of 
reactants 
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78. When mercuric iodide is added to aqueous KI solution; 

(a) freezing point is raised (b) osmotic pressure is raised 
(c) boiling point is elevated (d) vapour pressure is raised 

79. The correct statements are: 

(a) Smoke is carbon dispersed in air 

(b) Butter is water dispersed in fat 

(c) Greater is the valency of ion more will be its coagulating 
power 

(d) More is the gold number of a lyophobic sol, more is 
protecting power 

80. Select the correct statements among the following: 

(a) Order can be zero. 

(b) Order cannot have fractional value. 

(c) Order is a theoretical quantity. 

(d) Order is equal to molecularity for decomposition of N 2 O 5 
giving N 2 O 4 and O,. 

81. Rate law for a chemical reaction is: 

Rate = /fc[..4]‘'’[5]* . 

Choose the correct options among the following; 

(a) Order of the reaction is 3/2. 

(b) Unit of its rate constant is litre'’’ moP^ sec"'. 

(c) Unit of rate is mol litre”' sec”'. 

(d) Its molecularity is always 3. 

82. Liquid benzene bums in oxygen according to: 

2 C 5 H<; + 1 5O2-> 1200 , + 6H2O 

If density of liquid benzene is 0.88 g/cc, what volume of Oj at 
STP is needed to complete the combustion of 39 cc of liquid 
benzene? 

(a) 11.2 litre (b) 74 litre (c) 0.074 m’ (d) 37 dm^ 

83. For the reaction; 

NjH^/) + 2HjO,(/)-> Njfe) + 4H20(g) 

heats of formation of N 2 H 4 , H 2 O 2 , H,© are 12, - 45 and -57.8 
kcal mol”'. Internal energy change for this reaction is/are at 
298 K; 

(a)-153.2 kcal mo’”‘ (b) -641.142 kJ mol”' 

(c) -24.8 kcal mol”' (d) -309 kcal mol”' 

84. Which of the following electrolytes have same osmotic pressure 
asthatofO.lMKCl? 

(a) O.IAfHCl (b)O.lMNaCl 

(c) 0.1 M CsCl (d) None of these 

85. Select the correct statements about the following reaction: 

Njte) + 3H,(g) ^ 2 NH 3 (g); hH =- 22.4 kcal mol”' 

■ ; (a) Increase in pressure will favour forward reaction. 

(b) Addition of inert gas forms more NHj, 

(c) At low temperature, there is forward shift. 

(d) Catalyst will increase the amount of NH 3 . 

86 . Which among the following is/are correct about penetrating 
power? 

(a) a-rays are less penetrating than p-rays. 

(b) p-rays are less penetrating^han y-rays. 

(c) a, p, Y rays have equal penetrating power, 

(d) Y-tays are most penetrating, 

' 87. Select the natural series among the following: 

(a) (4«+ 1) (b) (4/tV2) (c) 4« (d) (4«+ 3) 

88 . Select the correct conclusion(s) about average life: 

(a) Average life = l/X 

(b) Average life = 1.44 x ty 2 


(c) The time in which 63.2% element decays is called average life 
■ (d) None of the above 

89. Which of the following statements are correct? 

(a) 1 faraday is the charge of 1 mole electron. 

(b) 1 faraday is used to deposit 1 g equivalent of a substance. 

(c) 5.6 litre O, will be evolved at STP by 1 faraday charge. 

(d) 11.2 litre CI 2 will be evolved at STP by 1 faraday charge. 

90. Select the species having zero oxidation state at the underlined 
elements: 

(a) (CH 3 ) 2 S 0 (b) (c) (d) N 2 H 4 

91. PCl 5 (g)^PCl 3 (g)+Cl 2 (g) 


94. 


95. 


96. 


97. 


‘a’ is the degree of dissociation of PCI 5 at equilibrium pressure 
‘F’. Which .among the following is the correct expression for 
degree of dissociation of* a’? 


(a) a = 




P+ K„ 


(b). a = 


P+K, 

K " 


{c)a = ^ (d)a = ^/f^^ 

92. In Wilson Cloud Chamber, the track is formed by: 

(a) a-rays (b) p-rays (c) y-rays (d) all of these 

93. Select the correct relation: 


(a) Nq = N ■ .10 
(c) N^ = N 


|X(/2.303 

X 


4b.)jy:o-=Jfe 


(d) 


102 . 303 , 

For the first order reaction, = x x fggy,,, 
the value of ‘x’ will be: 

(a) 10 (b) 6 (c) 3 (d) 2 

Which among the following has same kinetic energy as O, gas at 

NTP? 

(a) H 2 (b) N 2 (c) CO 2 (d) Npne of these 

Which among the following is correct about y-rays? 

(a) High energy electrons 

(b) Low energy electrons 

(,c) High energy electromagnetic waves 

(d) High energy positrons 

The RMS speed at NTP of a gas can be calculated from the 
expression: 

(a) SFId (b) 4wvTm ( c ) ■J3RT/M (d) ^3d/P 



99. For diatomic molecules; the correct relation is/are: 

(a) C/. =KF (b) C 3 . = ^F (c) y = L4 (d) €> = ^2 ^ 
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iOC. Which of the following aqueous solutions produce the same 
osmotic pressure? 

(a) 0.1 M NaCl solution 

(b) 0.1 M glucose solution 


(c) 0.6 g urea in 100 mL solution 

(d) 1.0 g of a non-electrolyte solute in 50 mL solution (Molar 
mass = 200 ) 


with Hints for Selected Questions 


(b) 


S. (c) 


SECTION I 

1. (b) 2. (b) 3. (b) 

6. (d) Degree of freedom = 3« 

where, n = no. of atoms in the molecule. 

7. (b) At high temperature, 7" A S > AW 

AG = AW - TAS = - ve 
and process will be spontaneous. 

8. (a) 

9. (c) Binding energy has no role in emission of a-particle. nip 

ratio determines the mode of emission. 

4 [, H‘ ] ^ jHe-* + 2 [^1 e" ] + Energy"' 

10. (c) Packing fraction (fee) =74% 

Packing fraction (bcc) = 67.9% 

SECTION II 

n.^^jc). 

(g) Ilate = k [A ]' (for first order) 

0.693 


‘ 1/2 


■ = constant 


13. (b) Lower the value of (« + /), lesser is the energy of orbital. 

(«T - n,) (n, - n, +1) 

14. (c) No. of lines = ^2-!- 

2 

172 = higher shell 
«! = lower shell 

15. (d) Pyi = /r .4 X p = j/j X1 = 0.5 atm, =/■, = mole fraction 

ofO^. 

16. (c) 

17. (b) Greater is the intermolecular force on mixing, more negative 

will be the deviation p < p°x^ + 

Experimental vapour pressure will be less than calculated 
vapour pressure. 

18. (c) Non-ideal solutions form low or high boiling azeotrope, 

hence, maxima and minima in the curve are obtained. 

19. (a) 

20. (c) A“ NH 4 OH = A“ NH 4 CI + A“ NaOH - A“ NaCl 

= 129.8+ 217.4-108.9 
= 238.3 ohm'“' cm^ moP' 

9.33 


a- 


A„ 


A“ 238.3 
% Ionization = 3.92 


: 0.03915 


21 , (c) 

22. (c) When T = <=o, k =Ae° 


23. (b) 


he he he 


2.3 L| 

Xj X, 


X 2 

17 


X) X 2 

X] + Xt 


24 . 

26 . 


(a) 

(b) 


25. (d) 


;j 2 =7, n, =2 


No. of lines 


, (/t 2 - n, )(/t 2 - Hi + 1) 


(7 -2)(7 -2 + 1) 


5x6 


15 


27 . 

28 . 

29 . 

30 . 


(c) 
(b) 

(a) 

(d) 


The difference fall in far infrared series. 

^ > where, n = order of reaction. 


Number of ‘B‘ atoms = n 
Number of tetrahedral void = 2n 
2n 


Number of 'A' atoms : 


• = n 


A :B = n:n = l:\ 
Formula = AB 


31. (b) Orbital angular momentum = (I + 1) 


2rc 


I =1 for ‘p’ subshell. 


32 . 

33 . 


(b) 

(c) 


i-l 
n -1.’ 
1.00002 ■ 


n = 2 for HCN 

- = 0,00002 


34 . 

35 . 

36 . 

39 . 

40 . 

41 . 

42 . 
44 . 


(b) 

(c) 
(b) 
(b) 
(0 

(d) 
(d) 
(d) 


2-1 

% dissociation = 0.002 

Rate of zero order reaction is constant. 

37. (b) (b) 

Number of ion per unit volume decreases on dilution 

AB 2 O 4 has spinel structure. 

, 43. (a) 

HgjClj-> + 2Cr 

S s 

^sp = [Hg^^ ][cr f =[5 ][2Sf =45’ 


45 . (b) Use the relation, 


logio ^ 
Ui 


2.303R ',,7; r. 


When 


F > F- 


X, x; k; 

~ > — or 
k, k{ k, 


y 


46 . 

47 . 


(c) 

(c) 


f of first order reaction is constant (plot 1 ). 

0.693 
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Rate of zero order reaction is constant (plot 2). 

Rate = A: [A f 

48. (c) 49. (c) 50. (d) 

51. (c) Adiabatic expansion results into decrease in internal energy 

and temperature of system. 

52. (d) 53. (d) 

54. (c) Catalyst forms new intermediate of either low or high 

activation energy. 

55. (a) 

56. (a) Either square planar or tetrahedral geometry is possible. 

57. (b) 58. (a) 59. (d) 60. (d) 

61. (c) In emission spectra quantum of electromagnetic radiations 

are released. 

62. . (a) 63. (d) 

64. (c) ytays are evolved due to secondary effect of a, [Remission. 

65. (a) 66. (d) • 67. (b) 68. (d) 

A, 

69. (a) Slowest step is L -> M\ it will be rate determining. 

70. (b) 

71. (a) Hgla + 2KI-»K 2 [Hgl 4 ] 

Nessler’s reagent K 2 [Hgl 4 ] is formed which lowers the 
overall number of particles in the solution. Thus, on mixing 
the two components freezing point will be raised. 


72. (b) b = ANY' = AN Jtr^ j 

V' = volume occupied by single molecule. 

73. (d) 

74. (b) N,05(g) -> N204tg) + (K) 02 (g) 

r=0 Po “ ® ' 

AtY . PgX PqX/2 

P,=Poi^-x)+PoX + ^^ = Po[i + ^ 

SECTION III 

75. (a. c) 76. (b, d) 77. (a, b) 

78. (a, d) KI reacts with Hgl 2 to form Nessler’s reagent. Number of 

particles are lowered, 

2KI + Hgl2-^K2[Hgl4] 


79. 

(a, 

b, 

c) 

80. 

(a.d) 

81. 

(a, b, c) 

82. 

,(b..c) 

83. 

(a, 

b) 





__ _ - 

__ 

. 

84. 

(a. 

b, 

c) 

van't Hoff factor will be same for the given electrolytes. 

85. 

(a. 

b, 

c) 

86. 

(a, b, d) 

87. 

(b, c, d) 

88. 

(a, b, c) 

89. 

(a. 

b. 

c, 

d) 90. 

(a, b) 

91. 

(a) 

92. 

(a, b) 

93. 

(a. 

b. 

d) 

94. 

(d) 

95. 

(a. b. 

96. 


97. 

(a. 

b. 

c) 

98. 

(a, h,ji) 

-99. 

Xa,-b,_c) 

IQtL-. (b, c,_d) 






(Graphical Aptitude) 


1. A sample of 2 kg of helium (assumed ideal) is taken through the 
process ABC and another sample of 2 kg of the same gas is taken 
through the process ADC. Then the temperature of the states A 
and B are: (Given, R = 8.3 joules/mol K) 



10 20 V(m®) 


(a) = 120.5 K.Tg =120,5 K 

= 241 K, Tg = 24rr- -. 

(c) = 120.5 K, Tg = 241 K 

(d) = 241 K, = 482 K 

2, An ideal diatomic gas is caused to pass through a cycle shown on 
the P - F diagram in figure, where V 2 = 3.00 Fj. If P,, F, and P, 
specify the state 1, then the temperature of the state 3 is: 

(a) - (b) r,/3' ‘' 

(c) (d) cannot be determined 



Volume 


3. A heat engine carries one mole of an ideal monoatomic gas 
around the cycle as shown in the figure. Process 1 2 takes place 

at constant volume, process 2 3 is adiabatic and process 3 ^ 1 

takes place at constant pressure. Then the amount of heat added in 
the process 1 2 is; 



Volume 


(a) 3740 J ■ (b)-3740J (c) 1810J (d) 3220J 

4. One mole of an ideal monoatomic gas is caused to go through the 
.cycle shown in figure. Then the change in the internal energy in 
expanding the gas from a to c along the path abc is: 



Vo 4Vo 


...Volume " ► ~ ..—-^- 

(a) 3PoFo (b) 6 RT 0 (c) 4.SRT^ (d) lO.SPPo 

5. A thermodynamic system consists of a cylinder-piston 
arrangement with ideal gas in it. It goes from the state i to the state 
/ as shown in the figure. The work done by the gas during the 
process; 



Temperature-► 


(a) is zero (b) is negative 

(c) is positive (d) nothing can be predicted 

6. A cyclic process ABCA is sho.wn in a V - T diagram. The 
corresponding P- F diagram is: 



V 


V 
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7 . The following are the -P - F diagrams for cyclic processes for a 
gas. In which of these processes heat is not absorbed by the gas? 




11 . 


(a) AB and BC (b) AB and CD 

(c) AD and BC (d) BC and CD 

An ideal gas is taken around the cycle ABCA shown in ,P-F 

diagram. The net work done by the gas during the cycle is equal 


to: 



(d) 



8 . The graph between P and F-at constant temperature should look 
like:. . 





13. 


9 , In P - F diagram shown below: 



10. 


(a) AB represents adiabatic process 

(b) AB represents isothermal process 

(c) AB represents isobaric process 

(d) AB represents isochoric process 

The pressure-volume graph of an ideal gas cycle is shown below. 
The adiabatic process is described by: 

P 



{B!fU !'m; 



(a) 12P,F, (b) 6 P,F, (c) - 3P,F, (d) P,F, 

12, An ideal monoatomic gas is taken round the cycle ABCDA as 
shown in figure. The work done during cycle is: 


2P, V 


2P, 2V 



P. 2V 


(a) PV ■ 


(b) 2PF 


(c) ^ PV 
2 


(d) zero 


Four curves A, B,C and D are drawn in figure for a given amount 
of gas. The curve which represents adiabatic and isothermal 
changes are: 

Pi 



14. 


O" 


(a) C and D respectively (b) D and C respectively 

(c) A and B respectively (d) B and A respectively 

A given mass of gas expands from the state A to the state B by 
three paths 1, 2 and 3 as shown in the figure. If IF,, IFj and IFj 
respectively be the work done by the gas along three paths then: 

(CPMT 1992) 

p 



0 ^— 

(a) W^>W^> Wj 
(c) = 


(b) IF, < W 2 
(d) IF, < IF,; W, < IF 3 


I' 2 ^ ^^3 


0 


V 












IIT Entrance Test Papers 


985 


15- A thermodynamic process is shown in the following figure. The 
pressure and volumes corresponding to some points in the figure 
are: 

= 3 X lO^Pa, = 2 X 10'^ 

Ps = 8 X lO'^Pa, Fd = 5 X 10“^ 



In process AB, 600 J of heat is added to the system and in the 
process BC, 200 J of heat is added to the system. The change in 
internal energy of the system in the process AG would be; 

(CBSE 1992) 

(aJ 560J -^t 5 )- 80 rj -(c) 600T : - (d) ^40 J 

16. In the pressure-volume diagram given below, the isochoric, 
isothermal, isobaric and isoentropic parts respectively are: 



(a) BA, AD, DC,CB (b) DC, CB, BA, AD 

(c) AB, BC,CD,DA (d) CD, DA, AB, BC 

17. Heat energy absorbed by a system in going through a cyclic 
process shown in figure is: (A11.MS 1995) 



P(kPa) 


(a)10’nJ, (b)10‘'n:J (c) lO^ji J (d)10"^7iJ 

18. The pressure-temperature (P-T ) phase diagram shown below 
.corresponds to the: [CEE (Haryana) 1996] 



(a) Curve of fusion of solids that expand on solidification 

(b) Curve of sublimation of solids that directly go over to the 
vapour phase 


(c) Curve of fusion of solids that contract on solidification 

(d) Curve of fusion of solids that do not change in volume upon 
solidification 

19. Graph of specific heat at constant volume for a monoatomic gas 



A cyclic process ABCD is shown in the P - K diagram. Which of 
the follpwing curves represents the same process? 



21. A system is taken b'om state Ato B through three different paths 
1,2 and 3. The work do^e is maximum in: (CPMT 1997) 

Pi 



Vi V, V 
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(c) Planck’s constant 

(d) ratio of Planck’s constant to charge on electron 

28. The sloping potential as a function of frequency of incident 
radiation is plotted for two different photoelectric surfaces A and 
B. The graphs show that the work function of A is: 



——► V 


(a) greater than that of 5 

(b) smaller than that of S 

(c) same as that of B 

(d) ^uch that no comparison can be done from given graphs 

29.' Which of the following is the graph between the frequency (v) of 
the incident radiations and the stopping potential? 



30. Which of the following figures represents the variations of 
particle momentum and associated de Broglie wavelength? 



31. The given figure indicates the energy levels of a certain atom. 
When the system moves from IE level to £■, a photon of 
wavelength X is emitted. The wavelength of photon produced 
during the transition from level 4£ / 3 to level E is: 



(a) X/3 (b) 3X/4 (c) 4A./3 (d) 3X ■ 

32. The maximum kinetic energy of the photoelectron varies 
with frequency (v) of the incident light as shown by the curve; 



V 


(a) A (b) B (c) C (d) D 

33. The following graphs illustrate; 



-273“C -►Temp.fC) -►Temp.(K) 

(a) Dalton’s law . (b) Charles’ law 

(c) Boyle’s law (d) Gay-Lussac’s law 

34. In the following graph: 



(a) 'A' represents isoehoric process 

(b) ‘J’ represents adiabatic process 

(c) ‘C’ represents isothemal process 
. (d) ‘D’ represents isobaric process 

35. The variation of of acetic acid with concentration is correctly 
represented by: 
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36. Distribution of fraction of molecules with velocity is represented 
in the figure. Velocity corresponding to X is: 



Velocity 


37. 





(d) none of these 


CH 3 COOH is neutralized by NaOH. Conductometric titration 
curve will be of the type: 



40. This graph represents; 



l/a^- 


(a) first order reaction (b) zero order reaction 

(c) second order reaction (d) third order reaction 

41. The efficiency of the reversible cycle shown in the given figure is: 



500 1000 J K“'' 

Entropy —► 


42. 


(a) 33.33% (b) 

[Hint: Efficiency 


(b) 56% (c) 66% (d) 16.7%. 

Area bounded by thecufve^ ~ 

ncy =-- - - X 100] 

Total area under the line BC 


Which of the following curves represents the chemical 
adsorption? 


38. If for a given substance, Tg is the m.pt. and 71, is the freezing 
point, then correct variation of entropy by graph between entropy 
change (A5)and temperature is; 



-► T 


39. Which of the following represents zero order reaction? 



—►Cone. —►Cone. 



-►(Cone.l^ ■ -►[Conc.f 



Temp. —► Temp. —► 

43. Energy of electron varies with atomic number as the following 
curve/line: 
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44. 


" 1 

[Hint: E = -x 13.6 eV, £ °c —^; therefore, E will decrease 

. li 

exponentially with increase in Z-.] 

A radioactive sample consists of two distinct species having equal 
number of atoms initially. The mean life of one of the species z 
and that of the other is 3x. The decay products in both the cases 
are stable, A plot is made of total number of radioactive nuclei as 
the function of time. Which of the following figures best 
represents the form of this plot? 



(c) 


(d) 


[Hint; The activity will decay spontaneously with passage of time.] 
45. In following isothermal graphs A, B and C at temperatures 
fi, 72 and 73 ; the correct order of temperatures will be: 



(a) 7| > 72 > Tj (b) 7| > Tj > 72 

(c)rj>72>7, (d)73>7, >7^ 

46. NjCg) + SHjCg) 2NH3(g); AW'’=-22.4kJ mol''- 

Percentage yield of the reaction against pressure is plotted at three 
•different temperatures 7,, T 2 and T^, then; 


(a) 73 >7, >7, 
(c) 71 = 7 , =73 


(b) 7, >72 >73 
(d) none of these 



[Hint: Reaction is exothermic; hence, the reaction will shift in 
forward direction to give better yield, 

TI > T2 > T3 

-> ] 

bc.-reasing yield of reaction 

47 . From the given graph, 
predict the compound 
which would be most 
easily purified by 
recrystallisation from 
aqueous solution: 

(a) ZnS • 

(b) GaCOj 

(c) CaFj 

(d) NaCl 



48. Which of the following curves represents the Henry’s law? 








1 . (c) 

2. (c) 

3. (a) . 

4. (d) 

9. (c) 

10., (d) 

11. (c) 

12. (c) 

17. (c) 

18. (a) 

19. (c) 

20. (c) 

25. (c) 

26. fc) 

27. (d) 

28. (b) 

33. (b) 

34. (a, b. 

xd) 

35. (c) 

40. (d) 

48. (b) 

41. (a) 

42. tc) 

43. (d) 


. 5. (a) 

6. (a) 

7. (d). 

8. (a) 

13. (c) 

14. (b) 

15. (b) 

16. (d) 

21 . (d) 

22. (b) 

23. (c) 

24. (c) 

29. (c) 

30. (d) 

31. (d) 

' 32. (c) 

36. (a) 

37. fa) 

38. (a) 

,39. (a) 

. 44 . (d) 

45. (d) 

4o. (b) 

47. (d) 
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Codes: 



(a) I-B 

n-A 

III-C 

(b) I-B 

n-c 

III-A 

(c) I-A 

ii~B 

m-^c 

(d) I-C 

II-B 

III-A 


Match the List-I with List-II: 



List-I 

List-II 

(I), 

1. AS°=0 

(II). Kirchhoff’s equation 

2. State function 

(III), 

3. Path function 

(IV). Spontaneous process 

4. AG > 0 


5. ^Toal ^ 0 

6. Aft's - AHi = ACpfTs 

Codes: 



(I) ■ (II) 

(IH) 

(IV) 

--(a).1- 2 - 

• 4 

- --- -5. 

(b) 5 4 

3 

6 

(c) 2 6 

1 

5 

(d) 6 2 

5 

1 

Match the List-I with List-II: 



_ List-I 


List-II 

(I). Mixing of two ideal gases 1. 

= 0 

(II). Criterion for irreversibility 2. 

HP 

(III). Isobaric thermal coefficient 3. 

\n 

of an ideal gas 



(IV). Joule-Thomson effect 

4 . 

^ Total > 0 


5. 

AG„i,<0 


6, 

AH = 0 

Codes: 



(I) (ID 

(HI) 

(IV) 

(a) I • 2 

4 

5 

(b) 5 4 

3 ■ 

6 

(c) 2 6 

1 

5 

(d) 6 2 

5 

1 

Match the List-I with List-II; 



LIst-I 


List-II 

(I). Translational kinetic energy 1. 

2 

(II). Rotational kinetic energy 

2. 

15/13 

of CO 2 



(III). Translational kinetic 

3. 

7/5 

energy per unit volume 



(IV). Y for CO 2 at very high 

4. 

Function of T only 

temperature 

5. 

RT 


6. 

~RT 

2 

Codes: 



(I) (ID 

(lU) 

(IV) 

(a) ; 4 

5 

1 

(b) 4 5 

1 

2 

(c) 5 6 

2 

3 

(d) 6 1 . 

3 

4 


12 . 


Match the Colunm-X with Column-Y: 

’ Column>X 


Column-Y 


13. 


14. 


15. 


(Colloids) 



(Classification) 

(I). Rain cloud 


A. 

Sol 

(II). Milk of magnesia 

B. 

Aerosol 

(III). Soap suds 


'C. 

Gel 

(IV). Butter 

Codes: 


D. 

Foam 

(I) 

(H) 

(Ill) 

(IV) 

(a). A 

B 

C 

D 

(b) A 

C 

B 

D 

(c) B 

A 

D 

C 

(d^ B 

A 

C 

D 

Match the List-I with List-II and select the correct answer from 

given codes: 




List-I (Spectrum). 


List-II (Region) 

A. Lyman 


. 1. 

Ultraviolet 

B. Paschen 


2. 

Visible 

C. Balmer 


3. 

Near infrared 

D. Pfund 


4. 

Far infrared 

Codes: 




A 

B 

C 

D 

(a) 1 

3 

2 

4 

(b) 1 

2 ■ 

3 

4 

(c) 4 

3 

2 

1 

(d) T 

2 

4 . 

3 

Match the List-I with List-II 

and select the correct answer: 

List-I 



List-II 

A. Critical temperature 

1. 

a! Rb 

B. Boyle temperature 

2. 

2a/Rb 

C. Inversion temperature 

3. 

TIT, 

D. Reduced temperature 

4. 

Za/llRb 

Codes: 




A 

B 

C 

D 

(a). 4 

I 

2 

3 ' 

(b) 2 

1 

4 

3 

(c) 4 

3 ■ 

2 

1 

(d) 2 , 

3 

1 

4 

Match the List-I 

, List-II and List-III and select the answer from 

the given codes: 




List-I 

List-II 

List-III 

(Order) 

(Unit of rate 

(Relation between 


constant) 

half life and initial 




concentration) 

\. Zero 

(i) L^ mol 

-2 . -1 

1. 11/2 = Constant 

1 

2. *1/2 “= - 

a 

B. First (ii) Lmol"' 

s-' 

C. Second (in) s"’ 


3. tjy2 “O 

1 

4. fi/2 ““ "3 

a 

D. Third (iv) molL”' 

's-' 

Codes: 



J • 

A 

B 

C 

» D 

(a) i-2 

ii-4 

iiir-3 

iv-1 

(b) i-4 . 

iv-3 

ii-? 

iii-1 

(c) iv-3 

iii-1 

ii-2 

i-4 

(d) ii-2 

i-1 

iii-3 

iv- 4 
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16. Match the List-I (solutions of salts) with List-II (pH of the 
solutions) and select the correct answer using the codes given 
below the lists: ■ ' • 

List-1 List-ll 


A. Weak acid and strong base 

1. 

>2P^.v 

B. Strong acid and weak base 

2. 

y,[vK^-pK, + pK,] 

C. Weak acid and weak base 

3. 

Yi - VKb - log c] 

D. Strong acid and strong base 

4. 

Yl + P^a + log C] 

Codes: 




A 

B 

C 

D 

(a) 4 

3 

2 

j 

(b) I 

■ 2 

3 

4 

(c) 2 

3 

4 

1 

(d) .3 • 

2 ■ ■ 

1 

. 4 

Match the List- 

I with List-II and choose the correct answer from 

the-codes: - - 



.. , ; .. 

Lisfrl 



LM-II 

(Electrolyte) 


(Solubility product) 

A. Bi,S3 



1. 4^^ 

B, A1(0H)3 



2 . 

C. CdS 



3. 108i’ 

D. CaFj 



4. 

Codes: 




A 

B 

C 

D 

(a) 1 

2 

3 

4 

(b) 2 

3 

1 

4 

(c) 4 

3 

2. 

. 1 

(d) 3 

' 2 

4 

1 


18. Match the following combinations of electrical units with their 
terms as single unit: 

Electrical onit Sin^unh 

(I), ampere-second A, coulomb 

(0). volt-ampere B. ohm 

• • (III). volt-ampere“’ C. ampere 

(IV) . watt/ampere ohm D. watt 

(V) . joule /ampere second E. volt 

Codes: 



A 

B 

c 

D 

. E 

(a) 

I 

III. 

IV 

II 

V 

(b) 

I 

II 

III 

IV 

V 

(c) 

v- 

IV 

HI 

II 

I 

(d) 

I 

V 

IV 

II 

III 


19. 


Match, the List-I with List-II and select the correct answer from, 
the given codes: 

Lfst-I LIsl-Il 

(TItenmdynaBtic properties) (Relation) 


A. Free energy change of a 
reaction (AG) 

B. Standard enthalpy change 
(AW °) of a reaction 

C. Standard entropy change (AS°) 


D. Standard free energy change' 
(AG°) 


1. -RT log K 

2 . 

I dT Jp 

3. -nFE 

4. 

. \ dT )p 


Codes: 


A 

B 

c 

D 

(a) 3- 

2 ■ 

4 

1 

(b) 1 

2 

3 

4 

(c) 4 

3 

2 

1 

(d) 2 

3 - 

1 

4 

Match the List-I, 

List-II and List-Ill: 


List-I 


List-11 

List-IU 

A. AG > 0 

X. 

AS >0 

1. Non-spontaneous 

B. AG <0 

Y. 

AS <0 

2. Spontaneous 

C. AG = 0 ■ 

Z. 

O 

11 

< 

3. Equilibrium 

Select the correct answer from the following codes: 

A . 


B 

C 

(a) (Y. 1) 


■ (X,2) 

(Z, 3) 

(b) (X,2) 


(Y. 3) 

(Z, 1) 

(c) (X, 3)- . 


(Y, 1.) ■ 

(Z,.2).-.-.. 

.(d)--(Af, L)- 

.- - 

-(X,3>. 

-., --(Z,2)- 


21. Match the Column-1 with Column-II: 

Column-l Column-U 


(a) Spontaneous process (p) AW = - ve 

(b) Heat flow from high temperature, (q) AG = -(■ ve 
of system towards low 

tentperature of surroundings.— - 


(c) Exergonic process (r) ASy^,,,, = + ve 

(d) - Increase in the randomness of (s) AG = - ve 

system by heating 


(a) 



© 


(b) 



© 


(c) 

® 


© 

® 

(d) 

® 


© 

® 


22 . 


23. 


Match the items of Column-I with the items of Column-II: 

Column-I Column-II 


(Metal) 

(Packing/coordination number) 

(a) Na 

(P) cep 

(b) Cu 

(q) bcc 

(c) Au 

(r) 12 

(d) K 

(s) 8 


Match the Column-I with Column-II and Column-Ill: 

I = Edge length of unit cell; 
r = Radius of spherical constituent unit 

Cofomn-l Cotomii-ll CBlmUB-Hl 


(a) Simple cubic (p) 1^3 = 4r 
unit cell 

(b) Face-centred (q) I = Ir 
cubic unit cell 

(c) Body-centred (r) l42 = 4r 
cubic unit cell 


(u) 74% occupied 
space 

(V) 67.98% 

occupied space ■ 
(w) 52.33% 

occupied space 


24. Match the List-I with List-II: 


L«st-I 

(a) Silicon doped with 
phosphorus 

(b) Metal excess 
non-stoichiometry in NaCl 

(c) Ge doped with Ga 

(d) Anion vacancy with 
trapped electron 


LIst-II 

(p) Acceptor level above 
valence bond 

(q) B-type semiconductor' 

(r) Donor level just-below the 
conduction band 

(s) F-centre 
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Match the solids in List-I with their properties in List-II: 


Match the temperature in List-I with its value in List-II: 


Llst-I 

List-II 

Llst-I 

Llst-Il 

(a) MnO 

(p) Ferromagnetic solid 

(a) Critical temperature 

(p) a/Rb 

(b) ZnO 

(q) Antiferromagnetic solid 

(b) Boyle’s temperature 

(q) 6 

(c) CrOj 

(r) Zero magnetic moment 

(c) 1/2 Pnversion temperature] 

(r) r/r. 

(d) TiO 

(s) Attracted in magnetic field 

(d) Reduced temperature 

(s) %a/nRb 

Match the List-I with List-II: 


30. Match the items of Column-I with its proportional term : 

Llst-I 

List-II 

items of Column-II: 


(a) The highest temperature at (p) -liaL 

Column-l 

Column-II 

which liquid CO 2 exists 


(a) Kinetic energy 

(p) Mole fraction 

(b)8a/27/?i) 

(q) Critical temperature 

(b) Partial pressure of a gas 

(q) Density 

(c) Compressibility factor 

(r) Ideal gas 

(c) Rate of diffusion 

(r) Molar mass 

Z=3/8at 


(d) Vapour pressure of a liquid (s) Absolute temperature 

(d) Compressibility factor 

(s) 30.98® C 

31, Match the List-I with List-II and List-Ill: 


Match the physical properties of Column-I with their values in 
Column-II: 

Column-l Column-Il 

(a) SATP (p) 1 bar/1 atm 

(b) Temperature in STP ' (q) 99.6® C 

(c) Pressure in NTP (r) 273,15 K 

(d) Standard boiling point of (s) 298.15 K 

- ---water.- ' ■ 

SATP- > Standard ambient temperature and pressure 

STP- > Standard temperature and pressure 

NTP-> Normal temperature and pressure 

Match the quantities in Column-I with their units in Column-II: 
Caluttiti'l Coiumn-ll 

(a) Coefficient of viscosity (p) L moP' 

(b) van der Waals' constant ‘b' (q) N s m”^ 

(c) Molar volume of gas at STP = 22.4... (r) Pas 

(d) van der Waals’ constant ‘a’ (s) l} atm moF^ 


Llst-1 

(Solids) 

(a) Rock salt 


(b) Fluorite 


(c) Agl, ZnS 


(d) NajO 


LIst-lI 
(Unit cell) 

(p) Face-centred 
cubic, anion in 
tetrahedral void 

(q) Face-centred 
cubic, cation in 
octahedral void 

(r) Face-centred 
cubic, cation in 
alternate 
tetrahedral void 

(s) Face-centred 
cubic, cation in 
tetrahedral void 


List-Ill 

(Coordination 

. nnniber) 

(w)6 


(x) Cation (8), 
anion (4) 

(y) Cation (4), 
anion (8) 


(z) Cation (4), 
anion (4) 



1. (e) 2. (c) 3. (a) 4. (a) 5. (d) 6 . (a) 7. (b) 8. (a) 

9. (c) 10. (b) 11. (d) 12. (c) 13. (a) 14. (a) 15. (c) 16. (a) 

17. (d) 18. (a) 19. (a) 20. (a) 21. (a-r,s) (b-p,r,s) (c-q) {d-q,r) 

22. (a-q,s) (b-p,r) (c-p,r) (d-q,s) 23. (a-q-w) (b-r-u) (c-p-v) 

24. (a-q,r) (b-s) (c-p) (d-s) 25. (a-q,r) (b-r) (c-p,s) (d-s) 26. (a-q,s) (b-q) (c-p,q) (d-r) 27. (a-p,s) (b-r) (c-p) (d-q) 

28. (a-q,r) (b-p) (c-p) (d-s) 29. (a-s) (b-p) (c-p) (d-q,r) 30. (a-s) (b-p,s) (c-q,r) (d-p,s) 

31. (a-q-w) (b-p-x) (c-r-z) (d-s-y) 
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TEST SERIES IV 


REASON AND ASSERTION 

(For IIT & AIIMS Aspirants) 

In each of the following questions, a statement of Assertion (A) is 
given followed by corresponding statement of Reason (R) just below it, 
Mark the correct answer as; 

(a) Both (R) and (A) are true and reason is the correct explanation 
of assertion. 

(b) Both (R) and (A) are true but reason is not correct explanation 

, of assertion. - . 

(c) . Assertion (A) is true but reason (R) is false. 

(d) Assertion (A) and reason (R) both are false. 

(e) Assertion (A) is false but reason (R) is true. 

1. (A) CH 4 and COj have the value of Z (compressibility factor) 

less than one. 

(R) Z < 1 is due to repulsive forces among the molecules. 

2. (A) More is the value of van der Waals’ constant ‘a’, greater is 

the tendency of liquefaction. 

(R) ‘a’ measures the magnitude of force of attraction among the 
molecules, 

3 . (A) Crystalline solids are anisotropic. 

(R) Crystalline solids are not as closely packed as amorphous 
solids. 

4 . (A) Antiferromagnetic substances possess zero magnetic 

moment. 

(R) MnO is an antiferromagnetic substance. 

5 . (A) Isotonic solutions do not show osmosis. 

(R) Isotonic solutions have equal osmotic pressure, 
b. (A) In a gaseous reaction, is unitless when A« = 0. 

(R) Unit of a:,, = (mol L"')*". 

7 . (A) .Strength of acidic character of oxyacids lies in the following 

sequence; 

HCIO 4 > HBr 04 > HIO 4 

(R) Greater is the oxidation state of a halogen, more is the acidic 
character of its oxyacid. 

8 . (A) The molecularity of the following reaction is 2 

H 2 + Brj-> 2HBr 

(R) The order of reaction is 3/2. 


9. (A) Half-life of a firat order reaction is independent of the initial 
concentration of reactant. 

(R) tyj (first order) = 

1.44 

where, % = average life. 

10. (A) For the reaction, 

2NH3(g)->N2(g) + 3H2(g) 

i:iH>AU. 

(R) The enthalpy change is always greater than internal energy 
change. 

lU (A) “N^-'and ^ N^are isotones: .. 

(R) Noble gases do not exist as isotopes as they are not reactive: 

12. (A) 3d^2 orbital is spherically symmetrical. 

(R) 3d ^2 orbital is the only d-orbital which is spherical in shape. 

13. (A) The kinetic energy of the photoelectron ejected increases 

with increase in intensity of incident radiation. 

(R) Increase in intensity of incident light increas es th e rate of 
emission. 

14. (A) '^s^jBe + e-- »'%Cs + X-ray 

It is a process of X-electron capture. 

(R) The atomic number decreases by one unit as a result of 
X-capture, 

15. (A) Vapour pressure is a coiligative property. 

(R) Coiligative property depends on the number of solute parti¬ 
cles dissolved in the solution. 

16. (A) Entropy decreases when an egg is boiled. 

(R) It is solidified due to denaturation of albumin. 

17. (A) 1 faraday = 96,500 coulomb. 

It is a charge of 1 mole electrons. 

(R) 1 faraday charge liberates one gram equivalent of substance 
at an electrode. 

18. (A) The electrical resistance of a column of 0.05 M NaOH solu¬ 

tion of diameter 1 cm and length 50 cm is 5.55 x itf ohm. 
(R) Its resistivity is equal to 76.234 ohm-cm. 

19. (A) If water is heated to 350 K, then pOH will increase to 8. 
(R) increases with increase in temperature. 

20. (A) Magnetic quantum number can have the value 0, . . ., (n -1). 
(R) Magnetic quantum number specifies the number of orbitals. 



1. (a) 2. (a) 3. (c) 4. (b) 5. (a) 6. (a) 7. (b) 8. (b) 
9. (a) 10. (c) 11. (d) 12. (d) 13. (e) 14. (b) 15. (e) 16. (a) 
17. (b) 18. (c) 19. (e) 20. (e) 
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